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Purpose of review: Several psychiatric disorders have been associated with an increased risk of developing a neurodegenerative disease and/or dementia. Attention-deficit/hyperactivity disorder (ADHD), a neurodevelopmental disorder, has been understudied in relation to dementia risk. We summarized existing literature investigating the risk of incident neurodegenerative disease or dementia associated with ADHD.

Recent findings: We searched five databases for cohort, case–control, and clinical trial studies investigating associations between ADHD and neurodegenerative diseases/dementia in May 2023. Study characteristics were extracted by two independent raters, and risk of bias was assessed using the Newcastle Ottawa Scale. Search terms yielded 2,137 articles, and seven studies (five cohort and two case–control studies) ultimately met inclusion criteria. Studies examined the following types of neurodegeneration: all-cause dementia, Alzheimer’s disease, Parkinson’s and Lewy body diseases, vascular dementia, and mild cognitive impairment. Heterogeneity in study methodology, particularly covariates used in analyses and types of ratios for risk reported, prevented a meta-analysis and data were therefore summarized as a narrative synthesis. The majority of studies (4/7) demonstrated an overall low risk of bias.

Summary: The current literature on risk of developing a neurodegenerative disease in ADHD is limited. Although the studies identified present evidence for a link between ADHD and subsequent development of dementia, the magnitude of the direct effect of ADHD on neurodegeneration is yet to be determined and better empirically designed studies are first needed. Furthermore, the mechanism of how or why ADHD is associated with an increased risk of developing a neurocognitive disorder is still unclear and should be explored in future studies.

Systematic review registration: https://www.crd.york.ac.uk/prospero/display_record.php?ID=CRD42022348976, the PROSPERO number is CRD42022348976.
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1. Introduction

With the aging population, the global prevalence of neurodegenerative diseases and dementia is on the rise (1). Dementia is characterized by a progressive decline in cognitive function that presents a significant change from the person’s prior level of functioning that impairs their ability to function independently in society (i.e., impairs their activities of daily living function) (2). Cognitive changes are often most evident in the memory domain, but also affect attention, executive functions, visuo-perception, and language skills. There are many different types of neurodegenerative disorders and dementia, including Alzheimer’s disease (AD), vascular dementia (VaD), Lewy body diseases (LBD) encompassing dementia with Lewy bodies (DLB) and Parkinson’s disease (PD) with or without dementia, frontotemporal dementia, and more (2).

In 2019, it was estimated that 55 million people were living with dementia worldwide, a number that is expected to increase to 78 million by 2030 and 139 million by 2050 (3). This poses a huge burden not only on patients, but also on their families and caregivers who will suffer from increasing caregiver burden and burnout, leading to poor physical and psychological health as well as increased social isolation and financial difficulties (4, 5). Additionally, dementia is an enormous burden on the healthcare system; in 2018 the cost of dementia was estimated at US $1 trillion and is estimated to surpass US $2 trillion by 2030 (6, 7). The ability to identify those at risk for future dementia is therefore crucial for improving the lives of patients and families and alleviating the global social and economic burden of dementia.

Although age is the strongest risk factor for dementia (6, 8), dementia is not an inevitable consequence of aging. A landmark study by the Lancet Commission (9) highlighted 12 potentially modifiable risk factors that could delay or prevent the development of dementia by up to 40%. Some of the strongest risk factors identified included hearing loss [relative risk (RR) 1.9, 95% confidence interval (CI) 1.4–2.7], depression (RR 1.9, 95% CI 1.6–2.3), and traumatic brain injury (RR 1.8, 95% CI 1.5–2.2). While this study recognized depression as one of the 12 modifiable risk factors, other psychiatric disorders were not identified. However, emergent research has been increasingly showing a relationship between other psychiatric disorders, such as anxiety or bipolar disorder, and development of dementia (10). For instance, a diagnosis of bipolar disorder is associated with an almost 3-fold increase in risk of developing dementia [Odds Ratio (OR) 2.96, 95% CI 2.09–4.18] (11). A population-based cohort study in Denmark showed schizophrenia was associated with a more than 2-fold higher risk of all-cause dementia after adjusting for age, sex, and calendar period (IRR 2.13, 95% CI 2.00–2.27) (12). Furthermore, a recent meta-analysis found that participants with schizophrenia had significantly higher risk of developing dementia (combined RR 2.29, 95% CI 1.35–3.88), compared with participants who did not have schizophrenia (13). Anxiety predicted incident cognitive impairment (RR 1.77, 95% CI 1.38–2.26) (14) and dementia (RR 1.57, 95% CI 1.02–2.42) in one meta-analysis, and a more recent meta-analysis showed that the overall RR of dementia was 1.24 (95% CI 1.06–1.46) in participants with anxiety (15).

In the last decade, studies have emerged identifying attention-deficit/hyperactivity disorder (ADHD), one of the most common neurodevelopmental disorders, as a new psychiatric condition that additionally may increase the risk of later development of dementia (16, 17). ADHD, classically considered a disorder of childhood, is characterized by core symptoms of attention, impulsivity, and hyperactivity (18, 19). These symptoms persist into adulthood in about 40–60% of cases (20, 21) and even persist into later life, with around 3% of adults aged 50 and older reporting clinically significant ADHD symptoms (22, 23). We recently undertook a critical appraisal of studies showing the first associations between ADHD in adults and dementia risk (16); however, to the best of our knowledge, no study has systematically reviewed the overall risk of dementia in people with ADHD. To ascertain a comprehensive estimate of the influence of ADHD on dementia risk, we undertook a systematic review and meta-analysis of studies to quantify the risk of incident neurodegenerative disease or dementia associated with ADHD, relative to the general population.



2. Methods

This study was conducted and reported according to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) 2020 guidelines (24). The review protocol was previously published in PROSPERO,1 registration number CRD42022348976.


2.1. Search strategy

To identify relevant articles, we used key words and medical subject headlines (see Supplementary File 1) to search the following databases: MEDLINE, PsychINFO, Scopus, Web of Science, and Google Scholar. A broad range of databases was chosen to minimize selection bias, and these five were chosen because they are commonly used in the health sciences. Searches were limited to human studies. No restrictions were made regarding publication period or language of publication. A first search was conducted between August 23 and September 27, 2022, and an updated search was conducted May 17, 2023. All articles were imported into the Covidence software platform (Covidence systematic review software, Veritas Health Innovation, Melbourne, Australia) for screening and full text review.

Inclusion criteria were: (1) study design was either cohort study, clinical trial, or case–control study, (2) participants were adults (aged 18+) with ADHD diagnosed using standardized clinical criteria, and (3) outcome was a neurodegenerative disorder and/or dementia diagnosed using standardized clinical criteria. Studies were excluded if the study population was comprised only of people <18 years of age, or if the publication was a systematic review, meta-analysis, conference abstract, book, book chapter, editorial, case study, case series, opinion, or dissertation/thesis.



2.2. Definition of exposure and outcomes

Adults who received a clinical diagnosis of ADHD per standardized criteria, defined using the Diagnostic and Statistical Manual of Mental Disorders (DSM) (25) or the International Classification of Diseases (ICD) (26) coding system, were considered ‘exposed’ to ADHD. All versions of the DSM or the ICD were accepted. Diagnoses could have been made as an adult or a child. Adults without a diagnosis of ADHD were considered unexposed controls.

The primary outcome was the development of a neurodegenerative disorder or dementia [including, but not limited to, mild cognitive impairment (MCI), AD, PD with or without dementia, DLB, VaD, Frontotemporal lobar degeneration, etc.]. Outcomes were defined using relevant standardized clinical criteria: DSM or ICD codes, or validated consensus criteria [e.g., the National Institute on Aging criteria for AD (27), the DLB Consortium criteria for DLB (28), or the Neuroepidemiology Branch of the National Institute of Neurological Disorders and Stroke criteria for VaD (29)].



2.3. Study selection

Titles and abstracts of studies retrieved using the above search strategy were each screened by two of six raters who were blinded to others’ ratings, to ascertain inclusion criteria. All articles either not fulfilling all inclusion criteria, or fulfilling any of the exclusion criteria, were excluded. Manuscripts were assessed independently, and disagreements were resolved between the two screening raters. Potentially eligible studies were retrieved, and the full text was then further assessed for eligibility by two independent raters. All disagreements were resolved through discussion between the two raters.



2.4. Data extraction

Two review authors independently extracted data from retained studies into a standardized form for assessment of study quality and evidence synthesis. Any discrepancies were identified and resolved through discussion, arbitered by a third author where necessary. Extracted information included: aims, setting, population, methodology (including inclusion and exclusion criteria), recruitment and study completion rates where applicable, operationalized definitions of ADHD (exposure) and neurodegeneration and/or dementia (outcome), number of exposed (ADHD) and unexposed (control) participants as well as their characteristics (age, % female sex, education years, and race/ethnicity), total number of outcomes where applicable, odds/risk ratios – crude and adjusted – reported including variables that were controlled or covaried for, and related information for assessment of the risk of bias. Missing data regarding exposure and outcomes for three studies (30–32) were requested from study authors.



2.5. Risk of bias assessment

Each study included was independently assessed by two researchers using the Newcastle-Ottawa Quality Assessment Scale (NOS) for case–control and cohort studies (33). The NOS assesses quality of each study using a ‘star’ system that judges eight items categorized into three main aspects: (1) selection of study groups, (2) comparability of groups based on the design or analyses, and (3) ascertainment of either exposure for case–control studies, or outcome of interest for cohort studies. A maximum of nine ‘stars’ can be awarded, denoting the highest quality. Risk of bias was determined based on the amount of ‘stars’ awarded: high risk of bias 0–3, medium risk 4–6, and low risk 7–9. For (randomized) clinical trials, we planned to use the revised Cochrane risk-of-bias tool which assesses quality as a judgment (high, low, some concerns) for items in six separate domains (34).



2.6. Data synthesis and meta-analysis

We planned to synthesize the effect measures (e.g., odds ratios, risk ratios, incidence rate ratios) collected from the final selected studies through a meta-analysis. This would provide us with a pooled estimate (weighted average) of the effect measures (e.g., a weighted average of hazard ratios derived from multiple similar studies that presented the same hazard ratios), and we would be able to obtain an overall/summary estimate of the association between our exposure (ADHD) and outcome (neurodegenerative disorders/dementia). Furthermore, we wanted to specify in the meta-analysis if the odd ratios/risk ratios reported in the individual studies were crude or adjusted, and what factors were adjusted for in the individual studies.



2.7. Analysis of subgroups

We planned to undertake the following subgroup analyses to see if effect measures vary across these factors: by age, by gender, by ethnicity, by neurodegenerative disease subtypes (e.g., AD, PD, DLB, all-cause dementia), by study design (cross-sectional vs. case control vs. cohort), by study quality, and by diagnostic criteria applied (e.g., DSM, ICD).




3. Results


3.1. Study selection

A total of 2,173 potential records were identified, of which 36 were duplicate articles that were subsequently removed (see Supplementary Table 1 for details regarding the original and updated searches). Titles and abstracts of 2,137 articles were then screened. For 27 studies (1.3% of reviewed sample), disagreements regarding eligibility were resolved between screening raters. Of the potentially eligible articles, 17 articles met inclusion criteria; however, one study was unable to be accessed/retrieved and was therefore not included in the full-text review. Sixteen studies therefore underwent full-text review. Disagreements for study inclusion were resolved between study raters for three studies (18.8% of reviewed sample). Seven studies were selected to be included in the final review (30–32, 35–38), including five cohort studies and two case–control studies (no clinical trials were identified). A detailed flowchart of the study selection process (PRISMA) for the final search can be found in Figure 1.
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FIGURE 1
 PRISMA flow diagram for the selection of review articles.




3.2. Cohort studies


3.2.1. Characteristics of included studies

Five cohort studies met inclusion criteria (30, 32, 35–37). All studies had a retrospective study design, with two studies (30, 35) additionally having a matched-cohort design. Exposure and outcomes were operationalized using ICD codes (versions: ICD-7, ICD-8, ICD-9, ICD-9-clinical modification, and ICD-10), obtained through electronic health records in all studies. Exposure (i.e., ADHD status) was most often defined using the ICD-9 code 314 “Hyperkinetic syndrome of childhood” or 314.01 “Attention deficit disorder with hyperactivity” and the ICD-10 code F90 “Attention-deficit hyperactivity disorders.” Two studies used patient/population register data from Sweden (36, 37), two studies used healthcare data from the United States (32, 35), and one study used health insurance data from Taiwan (30). For more detailed information about the study including aims, population selected, and inclusion/exclusion criteria, please see Supplementary Table 1.

Participants across the studies ranged from younger adults (30’s) to older adults (60’s). Only one study (35) reported education years for the exposed and non-exposed groups (not shown in Table 1); no study reported race or ethnicity of participants. Detailed characteristics for each study, stratified by outcomes (i.e., neurodegenerative disease types), are described in Table 1. The following subtypes of outcomes were reported in the studies: all-cause dementia (30, 36, 37), AD (30, 32), PD (35, 36) and LBD (32), VaD (30), and MCI (37). Across studies, the prevalence for each type of dementia across all participants in each study was somewhat varied: all-cause dementia, <0.001 to 4.37%, AD 0.78%, PD 0.08 to 0.26%, VaD 0.44%, MCI 0.65%. Prevalence of ADHD in adults was relatively low across studies, ranging generally from 0.19 to 1.29%, but as high as 16.7% in one study (35). One study (32) did not report numbers of participants included in the analyses (and we were unable to reach the authors), so prevalence for both exposure and outcome measures could not be calculated.



TABLE 1 Summary of findings from observational cohort studies for dementia risk in both exposed (ADHD) and unexposed (control) groups, stratified by dementia type.
[image: Table1]



3.2.2. Risk of bias assessment

The potential risk of bias, quantified using the NOS for cohort studies, is shown in Table 2. Three studies were rated as being at overall low risk of bias (30, 35, 37), and two studies were rated as having a medium risk of bias (32, 36). Although all studies were not biased in their ascertainment of exposure (record linkage using ICD codes is considered sufficient), all were biased in their representativeness of the exposed cohort. Furthermore, despite using epidemiological data, only two studies made statements regarding follow-up of cohorts (35, 37).



TABLE 2 Risk of bias assessment using the Newcastle Ottawa Scale for cohort studies, adapted with permission from Becker et al. (16).
[image: Table2]




3.3. Case–control studies


3.3.1. Characteristics of included studies

Two case–control studies met inclusion criteria (31, 38); one study used health insurance data from Taiwan (38), and the other hospital records from Argentina (31). Both studies matched cases and controls: 1:1 by sex, age, and index date (38), and 1:2 by sex, age, geographic area, and education (31). For detailed information about the study including aims, population selected, and inclusion/exclusion criteria, please see Supplementary Table 1.

The two case–control studies reported on AD (31), PD (38), and DLB (31) as outcomes. Exposure (i.e., ADHD status) was defined using the DSM-IV criteria or the ICD-9 code 314 “Hyperkinetic syndrome of childhood.” Detailed characteristics for each study, stratified by outcomes, are described in Table 3. Ages of participants were similar in both studies (means between 70 and 75 years), while the percentage of females differed (67% versus 49%). Only one study (31) reported education years for the cases and controls (not reported in Table 3); neither study reported race or ethnicity of participants.



TABLE 3 Summary of findings from case–control studies, grouped by dementia type.
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3.3.2. Risk of bias assessment

The potential risk of bias, quantified using the NOS for case–control studies, is shown in Table 4. One study was rated as being at overall low risk of bias (31), and the other as having a medium risk of bias (38). For both, it was unclear whether the control cases constituted a hospitalized sample, so the selection of controls was rated as inadequate. Only Golimstok and colleagues (31) used adequate definitions for both outcomes and exposures.



TABLE 4 Risk of bias assessment using the Newcastle Ottawa Scale for case–control studies, adapted with permission from Becker et al. (16).
[image: Table4]




3.4. Meta-analysis and subgroup analyses

The planned meta-analysis was not feasible as there was an insufficient number of homogeneous studies to calculate a pooled risk ratio. Of all seven studies, only four studies reported crude ratios (of which two were case–control and two were cohort studies) and all calculated different ratios for risk (three studies calculated hazard ratios, three studies calculated odds ratios, and one study calculated an incidence rate ratio). Furthermore, each study controlled or covaried for different factors: two adjusted for demographics (sex and birth year) (36, 37), while all others covaried for sex and birth year/age along with additional covariates (ranging from three to seven additional covariates) (30–32, 35, 38). In theory, a meta-analysis can be performed on two or more studies (24, 41). However, with only a few studies with very different characteristics, any kind of synthesis is untenable and does not yield a meaningful summary estimate of the effect in most cases (41, 42). More importantly, parameter estimation is likely to be poor with so few studies, leading to highly questionable findings (41). Lastly, the planned subgroup analyses were also not feasible as there were either not enough studies per dementia subtype, or studies were too heterogeneous in the ratios used and covariates included to be able to synthesize the data.




4. Discussion

This is the first systematic review examining the risk of incident neurodegenerative disease or dementia associated with ADHD. From the literature search, only a few cohort and case–control studies were identified that examined this association, all with different populations and methodologies. Although the study differences prevented data synthesis, the individual results tentatively suggest a link between ADHD in adults and development of neurodegeneration or dementia.

Results show that ADHD is differentially associated with all-cause and subtypes of dementia. Interestingly, the highest ratio was found for VaD, where people with ADHD had a 6-fold higher risk than controls after adjustment for covariates. VaD is defined as severe cognitive impairment compromising daily functioning and evidence of cerebrovascular disease on imaging (43). Adults with ADHD have notably worse cardio- and cerebrovascular health than adults without ADHD (44–46), which may lead to impaired brain health and subsequently higher risk of developing vascular dementia. Incidentally, the study examining risk of VaD also controlled for vascular risk factors (among others) including diabetes, hypertension, coronary artery disease, and stroke (30). This suggests that this risk remains despite the presence of these risk factors.

People with ADHD also have a high risk of developing LBD, as shown by the cohort studies revealing an incidence rate ratio of 1.06 for dementia with Lewy bodies, and a 1.5–2.6 times higher risk of developing PD compared to controls. The case–control studies showed people with dementia with Lewy bodies were 5.1 times more likely to have been diagnosed with ADHD than controls, and people with PD were 3.7 times more likely. This effect was independent of age and sex. ADHD and LBD, specifically PD, have been previously hypothesized to be linked pathophysiologically through the dopaminergic system (17). While ADHD involves a dysregulation of the dopaminergic system (47), the symptoms of PD are caused by degeneration of the dopaminergic system (48). One study suggested that low dopamine levels and abnormal maturation of the dopaminergic system in people with ADHD could constitute a risk for developing PD in later life (49), while another postulated ADHD and PD may be related as two points on a continuum (31). Studies examining genetics have, however, been unable to find links or causality between PD and ADHD (50, 51), suggesting there may be other causes for the association. It has been suggested that stimulants, the most common medications for ADHD, may explain the association between ADHD and PD. Research in animal and human studies suggest that stimulants may have toxic effects on dopaminergic neurons and result in dysfunctional dopamine regulation and transport (17). On the contrary, a previous review found that stimulant use does not increase risk for PD (52), and a recent study with older adults with ADHD demonstrated that participants who had taken prescription stimulants had a reduced risk for developing PD relative to participants who had not been prescribed stimulants (53). In this current review, only one study accounted for medication (35), finding that the adjusted hazard ratios for developing PD in people with ADHD with and without stimulants were 3.9 and 2.3, respectively. However, they selected participants based on known use of stimulants, so effects of dosage or length of stimulant use was not factored in. More studies are needed to adequately determine the link between ADHD and risk of PD or DLB, as well as understanding the role of dopamine in this association. Future studies should also include medication use and examine how dosage and length of use can affect future risk of dementia or neurodegenerative diseases.

Relative to other types of neurodegenerative disease, there was a somewhat lower risk for development of MCI in people with ADHD, and associations between ADHD and AD were not significant in any cohort or case–control studies. It is possible that MCI risk associated with ADHD may be explained by the similarities of the two disorders. Research shows that symptoms of ADHD (e.g., difficulty paying attention, difficulty inhibiting impulsivity, forgetfulness, absent-mindedness) may be misinterpreted as signs of MCI or early AD (54). Although most studies clarified that ADHD must have been diagnosed before presence of neurocognitive disorders or dementia, this warrants further investigation.

All-cause dementia was the most variable in terms of risk, where adjusted hazard ratios ranged from 0.98–4.01. It has been suggested people with ADHD have an increased risk of overall health problems, and that ADHD itself leads to the development of factors or disorders that can compromise health and which are, in and of themselves, risk factors for dementia (54, 55). Almost 80% of adults with ADHD have a comorbid psychiatric disorder, including anxiety (47%) or mood disorders such as depression (38%) and bipolar disorder (15%) (56). As previously stated, these factors are themselves associated with a higher risk of developing dementia and may therefore also lead to increased cognitive dysfunction or dementia in adults with ADHD (57). In addition, adults with ADHD have higher rates of smoking (58, 59) and vascular factors such as obesity, hypercholesteremia, and hypertension (44, 60). Presence of these factors in mid-life has also been shown to increase risk of dementia (9). It is possible that the direct effect of ADHD on dementia risk is being masked in part by these comorbid psychiatric disorders or vascular factors. Three studies controlled for comorbid mental/psychiatric disorders (among other covariates) (30, 35, 37), and one additional study controlled for mental health hospitalizations which were not further defined in the study (however it was unclear whether this was a part of patient selection) (32). Three studies controlled for comorbid cerebrovascular diseases and vascular factors, among others (30, 32, 37, 38). Controlling for these factors often significantly attenuated or eliminated the effect of ADHD on later-life dementia: for example, Dobrosavljevic and colleagues (37) found that after controlling for educational attainment, metabolic disorders, sleep disorders, head injuries, psychiatric disorders, and other developmental disorders, the hazard ratio for developing all-cause dementia dropped from 2.93 to 0.98 and for MCI dropped from 6.39 to 1.71 in people with ADHD. The authors additionally noted that the relationship between ADHD and both dementia and MCI was substantially attenuated after controlling for only psychiatric disorders, but less impacted when controlling only for metabolic disorders (37). Interestingly, Tzeng and colleagues (30) found a stronger risk of all-cause dementia in people with ADHD when controlling for age group, sex, comorbidities (including a number of psychiatric disorders and vascular factors), geographical area of residence, urbanization level of residence, and monthly income (crude hazard ratio 3.15, adjusted hazard ratio 4.01). It seems therefore unclear whether controlling for vascular and comorbid psychiatric disorders attenuates or increases the risk of later dementia. It is important for future studies to take this into consideration and control for the possibility of mediating or moderating relationships of comorbid disorders on the relationship between ADHD and dementia.

It should be noted that the prevalence of ADHD in all studies (from 0.19–16.7%) is markedly different than the global prevalence which is approximately 3% in adults (61, 62). This is a surprising finding as almost all studies used electronic health data from nationwide population or health registers, with one study even including medication prescriptions for ADHD in their diagnostic criteria (36). Arguably, use of healthcare and register data enables researchers to examine population-level data, usually collected over long periods of time and linked through multiple registers or databases, leading to less chance of bias (63, 64). However, ADHD in adults is often underdiagnosed (65, 66) or misdiagnosed as cognitive decline (54), which may suggest that some people with ADHD may have been mislabeled as controls in the selected studies. Additionally, we did not limit whether adults with ADHD had to have received the diagnosis as a child. In the studies, inclusion criteria regarding diagnosis timing were varied: participants either must have had a diagnosis as an adult (30, 31, 36), had a diagnosis of ADHD at any point in their life (35, 37, 38), or it was unclear when participants received their diagnosis (32). Including only participants who had a verified diagnosis as an adult may have biased the sample toward more severe cases of ADHD, as persons with remitted ADHD – which account for 50% of cases (21) – are unaccounted for in the included studies. Furthermore, each study used widely varying inclusion criteria: two studies required participants to have had a certain number of in- or outpatient visits for the diagnosis to be considered valid (30, 38), and one study required all participants to have a sibling (either full or maternal half-sibling) (36). This may have also biased the samples of ADHD participants to more severe cases, inadequately representing the population at risk and contributing to the very low prevalence of adult ADHD in these samples.


4.1. Meta-analysis limitations and recommendations

While the individual results suggest there is a link between ADHD and development of a subsequent neurodegenerative disease/dementia, we were unable to determine the pooled risk of developing a neurodegenerative outcome due to the marked heterogeneity of the studies. The main challenge to the synthesis of data was the use of different ratios to assess risk – three studies calculated hazard ratios, three studies calculated odds ratios, and one study calculated an incidence rate ratio – and not all studies reported crude or unadjusted ratios. It will be essential for future studies to report crude ratios along with any adjusted analyses to facilitate data synthesis for future meta-analyses.

Another challenge to data synthesis was the definition of exposures and outcomes used in each study. The definitions of both ADHD and neurodegeneration, despite being mostly classified by ICD codes, were different across studies. This has also been extensively discussed in our previous critical review of these studies (16). For example, only one case–control study had an adequate definition of exposures (and was subsequently the only study with a low risk of bias for representativeness of the exposed cohort). We have also previously commented on the use of the ICD-9 and ICD-10 codes for diagnosing ADHD in these studies (16). Most notably, differing inclusion of hyperactivity or hyperkinetic disorders in the diagnosis of ADHD may account for differences in prevalence and dementia risk.

Lastly, as discussed earlier, it is important to control for known risk factors for dementia and those that may be mediating or confounding the relationship between ADHD and dementia risk, such as comorbid psychiatric disorders or vascular factors. It is also important to include demographic factors including age, sex, race/ethnicity, as well as socioeconomic factors such as education, income level, and relationship/social support. While age is the strongest risk factor for dementia (6, 8), sex is also an important factor and risk depends on the subtype of dementia studied (9). Females have a higher risk of developing AD and a slightly higher risk for DLB (67, 68), while males have a higher risk of developing VaD and PD (69, 70). Furthermore, higher educational attainment reduces the risk of dementia in later life (9), and race/ethnicity may affect dementia risk: in the United States, Black and Hispanic people had higher risk of dementia when compared to White people (71). These factors are important to consider when researching people with ADHD. Males are two- to ten-times more commonly diagnosed with ADHD and have a higher risk of developing a neurodevelopmental disorder than females (72, 73), and ADHD remains underdiagnosed in females (55). Furthermore, adults with ADHD tend have lower educational attainment (74) and income levels (75), as well as poor social adjustment including higher rates of divorce or relationship dissatisfaction (76–78). Both social isolation and worse educational attainment have been shown to increase subsequent risk of dementia (9). Less is known about how race and ethnicity affect the diagnosis of ADHD, but minority groups, when compared with White persons, are less likely to receive or get assessment for an ADHD diagnosis (79, 80). While age and sex are readily available using electronic health records, records often do not adequately capture race, ethnicity, and the socioeconomic factors (81, 82). Indeed, while all but one study adjusted analyses for, or matched participants on, sex and age or birth year, no study used race or ethnicity in their analyses. Tzeng and colleagues (30) controlled for income levels and urbanization level of residence, and only Dobrosavljevic and colleagues (37) included educational attainment in their adjusted analyses. Additionally, Golimstok and colleagues (31) matched cases and controls on geographic area of residence and education. As these studies included these factors along with other covariates in their analyses, it is not possible to determine the individual effect of each covariate on dementia risk.

Overall, the challenges to performing a meta-analysis highlight the need for improved methodology in assessing the link between ADHD and neurodegeneration, as well as improved study reporting.



4.2. Limitations

Our strict inclusion/exclusion criteria led to the exclusion of half the studies that were identified through abstract screening. ADHD must have been diagnosed using standardized (i.e., using DSM or ICD) criteria, which led to exclusion of three studies: two used genetic scores (polygenic risk scores) to determine ADHD status and one study used a retrospective questionnaire for ADHD symptoms. The outcomes must have been defined by standardized or consensus criteria, which, for example, led to exclusion of one study examining MCI defined using only a screening battery. We justified this a priori to ensure that diagnoses of both exposure and outcomes were valid and reliable.




5. Conclusion

This is the first systematic review to examine the relationship between adult ADHD and future development of a neurodegenerative disease or dementia. Our review provides preliminary results that a diagnosis of ADHD may be a risk factor for the later development of a neurodegenerative disease or dementia. The mechanism of how or why ADHD is associated with an increased risk of developing a neurocognitive disorder is still unclear and should be explored in future studies. Due to the heterogeneity of studies included, no meta-analysis of data was possible, and we were unable to determine the pooled risk for developing a neurodegenerative disease or dementia in people with ADHD. This highlights the need for more stringent and well-defined studies, and we advocate for improvements in study methodology and statistical analyses to further advance this research.
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