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Abstract

:

Background: Glucose-6-phosphate dehydrogenase (G6PD) deficiency, impacting 4.9% of the population and more prevalent in Mediterranean communities, is a common enzymopathy with potential relevance to Attention Deficit/Hyperactivity Disorder (ADHD). This study investigated this association. Methods: The clinical characteristics of 7473 G6PD-deficient patients and 29,892 matched case–controls (selected at a 1:4 ratio) from a cohort of 1,031,354 within the Leumit Health Services database were analyzed using Fisher’s exact test for categorical variables and the Mann–Whitney U test for continuous variables. Results: In total, 68.7% were male. The mean duration of follow-up was 14.3 ± 6.2 years at a mean age of 29.2 ± 22.3 years. G6PD deficiency was associated with an increased risk of being diagnosed with ADHD (Odds Ratio (OR) = 1.16 [95% CI, 1.08–1.25], p < 0.001), seeking care from adult neurologists (OR = 1.30 [95% CI, 1.22–1.38], p < 0.001), and consulting adult psychiatrists (OR = 1.12 [95% CI, 1.01–1.24], p = 0.048). The use of stimulant medications among G6PD-deficient individuals was 17% higher for the methylphenidate class of drugs (OR = 1.17 [95% CI, 1.08, 1.27], p < 0.001), and there was a 16% elevated risk for amphetamine use (OR = 1.16 [95% CI, 1.03, 1.37], p = 0.047). Conclusions: G6PD deficiency signals an increased risk of ADHD diagnosis, more severe presentations of ADHD and a greater need for psychiatric medications to treat ADHD.
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1. Introduction


Attention deficit/hyperactivity disorder (ADHD) is a common neurodevelopmental disorder that affects approximately 5–10% of children and 2–5% of adults worldwide. While ADHD is highly heritable, its etiology is complex, and there is strong evidence for an interplay of inflammatory processes with genetic risk in the development of ADHD [1]. Perhaps the most compelling evidence has come from longitudinal studies showing that maternal inflammatory processes confer greater risk for later ADHD diagnoses among youth with higher ADHD polygenic risk scores [1]. Youth with ADHD continue to express inflammatory markers well beyond the perinatal period [2], however, suggesting that the pathophysiology of ADHD is an ongoing process of epigenetic risk rather than a longitudinal result of prenatal insults. There is evidence that inflammatory markers may correlate to temperament [3] and amplify the weight of other bio-behavioral factors, such as sleep hygiene, in predicting the development of ADHD [4]. These associations vary with age and ADHD presentation [5] due to environmental exposures or age-related health factors. Two emerging lines of study link microglial dysregulation [6] and T cell abnormality [7], respectively, as actors in these associations.



Another intriguing but under-studied line of research also implicates the immune–inflammatory pathways’ association with oxidative stress in the development of ADHD [2,8,9,10]. Oxidative stress is a state of chemical imbalance with effects on the innate immune system that impact the growth and death of cells throughout the body, including the central nervous system [2].



Glucose-6-phosphate dehydrogenase (G6PD) is an enzyme that facilitates the production of nicotinamide adenine dinucleotide phosphate (NADPH) and glutathione (GSH), both of which play essential roles in maintaining the balance of oxidation–reduction in the body [11,12]. G6PD deficiency results in lower levels of GSH and therefore greater oxidative stress. G6PD deficiency, an X-linked genetic disorder requiring sex-specific detection methods [13], is the most common enzymopathy of humans. Globally, it affects approximately 4.9% of individuals and is characterized by hemolysis and the oxidative cell death of leukocytes, myocytes, and other immunological actors [12]. While G6PD deficiency may confer protection against Plasmodium falciparum malaria, common antimalarial treatments may induce the oxidative cell death process [13]. Other triggers include infections, certain foods or other drugs [12]. The most common presentation of G6PD in primary care is food-induced and known as favism, which is a hemolytic reaction to the consumption of fava beans, also known as broad beans. In pediatrics, however, severe hemolysis hyperbilirubinemia and jaundice due to G6PD deficiency in newborns can lead to hearing deficits, behavior disorders, and long-lasting neurologic damage [14]. G6PD mutations are common among geographically defined populations, including those originating in the Mediterranean Basin and other parts of the Middle East [15], and some East Asian [16] and African populations. The metabolic changes linked to G6PD deficiency may result in an elevated production of reactive oxygen species (ROS) and an imbalance in the antioxidant system [11,17], setting off a molecular cascade resulting in impaired astrocyte function, neuron death [18], and damage to DNA. ROS can activate astrocytes and microglia, which may produce proinflammatory chemokines and cytokines at high levels, contributing to neuro-inflammation and adversely impacting brain development [19,20].



In 2010, Ghanizadeh et al. suggest that G6PD deficiency may be a predisposing factor for ADHD [21]. In their study, a small clinical sample of parents of children diagnosed with ADHD were questioned regarding their child’s history of a G6PD deficiency diagnosis. Out of 27 parents, 3 (11.1%) reported that their children were previously diagnosed with G6PD deficiency. Another prospective preliminary study found low levels of GSH and elevated oxidative stress among individuals with ADHD [8]. The association between ADHD, oxidative stress, and neuroinflammation arises from factors such as the imbalance between oxidants and antioxidants, catecholaminergic dysregulation, medications utilized for treatment, and genetic and environmental factors [8,9,10], as illustrated in Figure 1.



Some studies suggest an association between ADHD and a subset of patients with lower vagal tone and higher oxidative stress [22]. These studies demonstrated an association between low vagal tone and ADHD, suggesting that the connection between the vagal pathway and neurodevelopmental disorders is mediated through microbiota. However, a larger body of research implicates a link between ADHD and oxidative stress, as evidenced by the possible beneficial effect of antioxidant substances such as omega-3 fatty acids [23] and N-acetylcysteine [24] in subpopulations of youth with ADHD.



Newer investigations have revealed links between ADHD and a range of infectious disorders [25,26,27], autoimmune disorders [28], and neuroinflammation [29,30,31,32,33]. Other studies have highlighted the importance of social determinants of health in shaping health outcomes, and oxidative stress is one pathway through which social functioning can directly impact physical and mental health, with NADPH-oxidase-mediated oxidative stress initiating a biological cascade resulting in anxiety, depression, and possibly ADHD [34]. Understanding the interplay between social stressors, oxidative stress, and neuroinflammation during child development may help in identifying new avenues for mitigating the adverse consequences of these genetically conferred conditions.



The main objective of the present study was to evaluate the possible association between G6PD deficiency and ADHD, in light of our understanding of neuro-inflammation as a contributing factor, in a large-scale population-based study.




2. Materials and Methods


2.1. Methods


We performed a retrospective population-based cohort study using electronic health records (EHRs) from Leumit Health Services (LHS), a large Health Maintenance Organization (HMO) in Israel. This study was approved by the LHS institutional review board (LEU 0005-22, accessed on 16 February 2022).




2.2. Study Population


Data were retrieved from the LHS data warehouse. The study population was extracted from a pool of over 1,000,000 individuals who had been members of LHS for at least two years up to the data extraction date. LHS maintains a computerized database continuously updated with information related to subjects’ demographics, medical diagnoses, laboratory tests, hospitalizations, and medication prescriptions.




2.3. Study Design


In this cohort study, two groups of individuals were compared. The first group comprised individuals who have a confirmed diagnosis of G6PD deficiency or whose G6PD activity levels were tested at LHS and yielded a measurement below 4 U/g Hg.



An algorithm was utilized to randomly choose individuals without G6PD deficiency as a control cohort. The algorithm required precise matching for variables such as gender, age, socioeconomic status (SES), a category based on geographic area, ethnic group (General, Jewish Ultra-Orthodox, and Arabs), and year of first documented visit in the LHS EHR system compared to individuals with G6PD deficiency. The ratio of controls to individuals with G6PD deficiency was set at 4:1. Individuals with G6PD deficiency for whom the matching algorithm could not identify adequate controls with a precise match in variables were excluded from the analysis.



Demographic and clinical data, ICD-9 diagnosis records, the most recent recorded body mass index (BMI), blood pressure (BP) measurements, and smoking habits were obtained from the LHS electronic database. In addition, the last available results for a specific set of laboratory tests conducted by LHS laboratory facilities were also extracted.




2.4. Definitions


ADHD was diagnosed according to the Israeli Ministry of Health criteria, following the international evaluation requirements: the diagnosing physician must be a senior physician specializing in the ADHD field (child or adult psychiatrists, child or adult neurologists, or pediatricians and family physicians with certified ADHD training), and the diagnosis was established according to the Diagnostic and Statistical Manual (DSM-4 or 5, depending on the year of the diagnosis) criteria [35].



SES was defined according to the child’s home address, using the Israeli Central Bureau of Statistics classification of 20 subgroups. Classifications 1–7 were defined as low SES, 8–13 as medium SES, and 14–20 as high SES.



The likelihood of confounding was reduced by strictly matching for essential variables (age, gender, ethnic group, and SES) between the control group and the cases.



Descriptive statistics were used to describe the baseline cohort demographic and clinical characteristics, and the statistical association between categorical variables was assessed using Fisher’s exact test. Continuous variables were compared using the Mann–Whitney U test. Data extraction was performed using programs developed by the Leumit Research Institute in Python, Pandas, and SQL. Statistics were computed on de-identified data using R statistical software, version 4.0.4.





3. Results


From a group of N = 1,031,354 individuals who had been insured for at least two years by LHS with a documented medical history in the EHR, we could identify 7827 subjects with a G6PD deficiency diagnosis. The strict matching procedure resulted in selecting 7473 subjects with G6PD deficiency and 29,892 control subjects (at a ratio of 4:1 controls) with very similar gender, age, SES category, ethnic group, and year of first recorded visit to LHS. In total, 354 G6PD-deficient individuals were excluded due to insufficient matching controls. The socio-demographic characteristics of the study groups are shown in Table 1. The matched variables, which included age distribution, age categories, gender, ethnic group, and SES, were highly similar, with many parameters being identical between the two groups. These similarities, with no statistically significant differences, suggest that the matching was very strict. In both groups, the mean age of the patients was 29.2 ± 22.3 years, with 68.7% being male. The average follow-up time was 14.3 ± 6.2 years.



Clinical characteristics for the two groups are presented in Table 2. ADHD rates were significantly higher among G6PD-deficient individuals, with 1040/7473 (13.9%) cases vs. 3650/29,892 (12.2%) among the matched controls; Odds Ratio (OR) = 1.16 [95% CI, 1.08–1.25], p < 0.001. G6PD-deficient individuals were characterized by higher rates of being non-smokers (OR = 1.12 [95% CI, 1.07–1.19], p < 0.001). Having a diagnosis of diabetes mellitus (DM) was negatively associated with G6PD deficiency (OR = 0.85 [95% CI 0.76–0.95], p < 0.001). Being obese (BMI ≥ 30) also has a negative association with G6PD deficiency (OR = 0.92 [95% CI, 0.85–0.99, p = 0.042]).



3.1. Physician Visits


As evidence of the increased diagnoses of ADHD among G6PD-deficient individuals, the rates of physician visits were significantly higher among subjects with G6PD deficiency than the matched controls (Table 3). A significant difference was found in the number of visits to adult neurologists and adult psychiatrists (OR = 1.30 [95% CI, 1.22–1.38], p < 0.001; OR = 1.12 [95% CI, 1.01–1.24], p = 0.048, respectively).




3.2. Stimulant Agents Prescribed


The rates of stimulants prescribed to the subjects with G6PD deficiency were significantly higher compared to those prescribed to the subjects without G6PD deficiency (for methylphenidate use, OR = 1.17 [95% CI, 1.08–1.27], p < 0.001, and for amphetamine use, OR = 1.16 [95% CI, 1.03–1.37], p = 0.047) (Table 3).



The rates of physician visits and stimulant agent use among ADHD patients with and without G6PD deficiency.




3.3. Healthcare Utilization


We compared the healthcare resource utilization of the 1040 patients diagnosed with ADHD in the G6PD-deficient group with the 3650 patients diagnosed with ADHD in the matched non-G6PD-deficient group. We observed a higher number of visits to neurologists per ADHD patient in the G6PD-deficient group than in the non-G6PD-deficient group (3.57 vs. 3.05, p < 0.001). We also observed significantly higher rates of the use of stimulants among ADHD patients with G6PD deficiency as compared to non-G6PD-deficient patients (OR = 1.19, [95% CI, 1.00–1.42], p = 0.044), However, we did not observe significant differences in the drug classes prescribed between the two groups.





4. Discussion


This large-population cohort study showed that G6PD-deficient individuals have a significantly higher rate of ADHD diagnosis compared to matched controls. It also demonstrates the substantially higher rate of visits to adult neurologists and adult psychiatrists. As far as we know, this is the first large-scale population-based epidemiological study to evaluate the association between G6PD deficiency and ADHD. This finding is in line with the association between ADHD and inflammatory somatic conditions [36,37,38], between ADHD and infectious diseases [25,26,27] and between G6PD deficiency and COVID-19 infection and immune-related diseases [39]. G6PD-deficient patients, similar to individuals with ADHD, exhibit a higher incidence of infectious diseases worldwide, indicating a vulnerability to infections [40,41]. Exposure to infectious conditions and certain foods or medicines among G6PD-deficient subjects affect RBCs, leading to hemolysis associated with neurological and psychiatric problems.



We suggest several possible mechanistic explanations for the association between ADHD and G6PD deficiency.



The presence of oxidative stress: individuals with G6PD deficiency are at risk of hemolytic anemia in states of oxidative stress, which can result from infection, exposure to medications, and certain foods. In healthy conditions, G6PD is a crucial enzyme in the pathway of dinucleotide phosphate (NADPH) creation, which maintains the supply of reduced glutathione in the cells used to mop up free radicals that cause oxidative damage. Oxidative stress is also one of the proposed etiological mechanisms of ADHD, although it is not yet clear enough [2,10]. It is possible that the oxidative stress seen in G6PD deficiency results in subtle damage to the developing brain [10]. Such a putative insult combined with genetic vulnerability and adverse environmental factors may contribute to the evolvement of ADHD symptomatology. It seems that in specific conditions, G6PD deficiency increases the levels of free radicals and causes oxidative damage in the brain and periphery.



NADPH is required for the synthesis of neurotransmitters such as dopamine and serotonin [42]. These neurotransmitters are known to be involved in regulating attention, mood, and behavior, and imbalances in their levels have been implicated in the development of ADHD. Since G6PD plays a vital role in the production of NADPH, it is possible that G6PD deficiency could disrupt the balance between these neurotransmitters and contribute to the development of ADHD [43,44].



The dysregulation of reactive oxygen species (ROS) represents a crucial mechanism that can contribute to a heightened and more severe inflammatory response in individuals, thereby increasing the symptomatic nature of infection diseases [39,45,46]. Studies have demonstrated that individuals with ADHD exhibited higher rates of infections including COVID-19 [25,26] with higher rates of severity [29,47] and complications [27]. Similarly, it was shown that G6PD-deficient individuals have a higher incidence of infectious diseases, indicating a predisposition to infections [40,41,45,46,48]. Our previous study showed that G6PD-deficient individuals had a higher risk of COVID-19 infection, of COVID-19 hospitalization, and of developing long-COVID [46]. Taken together, these findings suggest that there is a possible association between G6PD deficiency and ADHD mediated by a shared increased risk of infection and inflammation. Several studies showed a significant association between individuals with ADHD and autoimmune disorders [36], supporting the hypothesis of an immunological vulnerability in ADHD patients. There is also an association between G6PD deficiency and immune-system-associated diseases [39]. Immune dysregulation may play a role in the pathogenesis of autoimmune and infectious diseases in both disorders, presumably through dysregulated NADPH homeostasis and ROS imbalances.



A comparison of healthcare resource utilization shows that patients diagnosed with ADHD and G6PD deficiency sought specialists more often and purchased more stimulants when compared with ADHD patients who are not G6PD-deficient, suggesting a possibly increased severity of ADHD symptoms among these G6PD-deficient patients. Thus, it could be that apart from a common etiological mechanism, G6PD deficiency could be an additive factor that increases the severity of already existing ADHD.



We observed a substantially higher rate of visits to adult neurologists and adult psychiatrists by patients with ADHD and G6PD deficiency. Several explanations are plausible. First, it is currently acceptable that although the diagnosis of ADHD is typically made in childhood or adolescence, patients diagnosed with ADHD often require lifelong follow-up and treatment. This continuity of care leads individuals with ADHD to seek psychiatric services from adult specialists, especially during the transition from adolescence to adulthood.



Secondly, the substantially higher rate of visits to adult neurologists and adult psychiatrists of our patients with ADHD could be explained by the specific healthcare landscape and access to child and adolescent neurology and psychiatric services in Israel. Most child neurologists and psychiatrists work in hospital settings, and we might have had a limited ability to include them in our analysis. According to the Israel Child and Adolescent Psychiatric Association, the number of child and adolescent psychiatrists is limited, with a notable gap between the psychiatric care needed and the care actually received. Consequently, many individuals under the age of 19 years, including those with ADHD, end up receiving treatment from adult psychiatrists, which can also explain the observed higher rates of adult neurologist and psychiatrist visits.



Some studies described a positive association between G6PD deficiency and a risk of diabetes mellitus (DM) [49,50], but a case–control study from Sardinia, Italy, showed no statistically significant negative association [51]. We assume that a negative association with having a diagnosis of DM observed in our study may be explained by the fact that G6PD deficiency can lead to alterations in HbA1c levels that are not reflective of real glucose levels. Previous research has shown that individuals with G6PD deficiency have significantly lower HbA1c levels than those without the deficiency, even when their glucose levels are similar. This can result in significant underdiagnoses of DM [52,53].



A population-representative Chinese birth cohort showed that G6PD deficiency was associated with a lower BMI, which line aligns with our data.



Our findings showed an association between G6PD deficiency and a lower BMI, consistent with the finding from a population-representative Chinese birth cohort [54]. Future studies are needed to explore this association further and to be able to investigate interventions that can prevent the emergence of ADHD or attenuate its manifestations in individuals with G6PD deficiency.



Strengths and Limitations


The major strength of the present study is its extensive scope, population-based nature, and utilization of real-world data. Furthermore, the study used advanced digital data to analyze various demographic, clinical, and laboratory factors that may influence the risk of ADHD. As far as the researchers know, this is the first large epidemiological study to thoroughly examine the association between G6PD deficiency and ADHD using a considerably large nationwide database.



The main limitation of this study pertains to its observational and retrospective design, which means that some unidentified potential confounders may have impacted the outcomes. Therefore, we report our conclusions using the terminology of association and probability rather than causality.



Since our sample primarily consisted of Middle Eastern and Mediterranean populations who identify as Caucasians, and as G6PD deficiency is also of a higher prevalence among East Asian and African populations, these findings may not represent the entire scope of the G6PD community, and the results may not apply to other ethnic groups. However, our study encourages further research to replicate our results in different populations and in a prospective design to identify causality and underlying mechanisms.





5. Conclusions


Both ADHD and G6PD deficiency are genetically conferred developmental disorders that begin in infancy and co-travel within the population. More research is required to determine their interplay across the lifespan. It is possible that the oxidative stress seen in G6PD deficiency results in subtle damage to the developing brain which, when combined with genetic vulnerability or compounded by adverse environmental factors, may contribute to the development of ADHD. Oxidative stress remains a proposed etiological mechanism of ADHD, although there is not enough evidence yet to state with certainty that it is causative. More research into the etiological mechanisms of ADHD through a lens of oxidative stress is warranted.



This population-based nationwide study demonstrated a significant association between G6PD deficiency and ADHD. Physicians and allied healthcare providers need to be aware of this potential association for several reasons. First, G6PD deficiency is a sex-linked disorder that manifests with the greatest severity among males, but a large population of females experience symptoms below the thresholds customarily associated with disease among males. Diagnosing G6PD deficiency among women remains a challenge due to sex-based presentation, and different laboratory methods are required for determining females with the disorder, but there may be substantial neurological consequence to undiagnosed and untreated disease processes. Awareness of the cognitive and behavioral consequences of these disorders should prompt practitioners to look for the sex disparities in G6PD and in ADHD presentations among their patients. Second, regardless of the sex of the patient, there are substantial neuropsychiatric consequences of G6PD that may be preventable with early diagnosis and prevention strategies. Finally, if new etiological mechanisms are identified, treatments for individuals with G6PD and ADHD may be improved. Currently, there is evidence that stimulant treatment with methylphenidate alters oxidative stress pathways, though studies conflict as to whether treatment is associated with improved [55] or more dysregulated [56] processes. Further, there may be complementary treatments to augment and improve medication outcomes in this population [57].
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Figure 1. G6PD deficiency pathways to ADHD. G6PD = Glucose-6-phosphate dehydrogenase; ILꞵ = interleukin 1 beta, which amplifies immune response; NLRP3 = NLR family pyrin domain containing 3, recognizes pathogens; NADPH = nicotinamide adenine dinucleotide phosphate, a coenzyme required for cellular processes. 
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Table 1. Demographic characteristics of the G6PD deficient group and matched control group.
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G6PD-Deficient Group

	
Matched Controls

	
p

	
Odds Ratio [95% CI]






	
N

	

	
7473

	
29,892

	

	




	
Gender,

N (%)

	
Female

	
2327 (31.1%)

	
9308 (31.1%)

	
1

	
1.00 [0.94–1.06]




	
Male

	
5146 (68.9%)

	
20,584 (68.9%)

	
1

	
1.00 [0.94–1.06]




	
Age in years M(SD)

	
29.2 (22.3)

	
29.2 (22.3)

	
0.984

	
1.00 [0.94–1.06]




	
Age in years

N (%)

	
0–2

	
378 (5.06%)

	
1512 (5.06%)

	
1

	
1.00 [0.91–1.10]




	
3–9

	
1331 (17.81%)

	
5324 (17.81%)

	
1

	
1.00 [0.93–1.07]




	
10–18

	
1268 (16.97%)

	
5072 (16.97%)

	
1

	
1.00 [0.93–1.08]




	
19–29

	
1355 (18.13%)

	
5420 (18.13%)

	
1

	
1.00 [0.93–1.07]




	
30–39

	
1053 (14.09%)

	
4212 (14.09%)

	
1

	
1.00 [0.92–1.08]




	
40–49

	
623 (8.34%)

	
2488 (8.32%)

	
1

	
1.00 [0.91–1.10]




	
50–59

	
531 (7.11%)

	
2128 (7.12%)

	
1

	
1.00 [0.91–1.10]




	
60–69

	
460 (6.16%)

	
1841 (6.16%)

	
1

	
1.00 [0.90–1.11]




	
70–79

	
260 (3.48%)

	
1039 (3.48%)

	
1

	
1.00 [0.86–1.16]




	
80–89

	
152 (2.03%)

	
608 (2.03%)

	
1

	
1.00 [0.80–1.24]




	
≥90

	
62 (0.83%)

	
248 (0.83%)

	
1

	
1.00 [0.42–2.07]




	
Ethnic group N (%)

	
Arab

	
729 (9.76%)

	
2916 (9.76%)

	
1

	
1.00 [0.91–1.09]




	
General

	
5096 (68.19%)

	
20,384 (68.19%)

	
1

	
1.00 [0.94–1.06]




	
Ultra-Orthodox

	
1648 (22.05%)

	
6592 (22.05%)

	
1

	
1.00 [0.94–1.07]




	
Region N (%)

	
Center

	
2160 (28.9%)

	
8408 (28.13%)

	
0.212

	
1.04 [0.98–1.10]




	
Jerusalem

	
2330 (31.18%)

	
7239 (24.22%)

	
0.001

	
1.42 [1.34–1.51]




	
North

	
1466 (19.62%)

	
5406 (18.09%)

	
0.002

	
1.11 [1.03–1.18]




	
South

	
1517 (20.3%)

	
8835 (29.56%)

	
0.001

	
0.61 [0.57–0.65]




	
SES

	
M (SD)

	
9.2 (3.6)

	
9.2 (3.6)

	
1

	
1.00 [0.91–1.09]




	
Missing

	
N (%)

	
652 (9.2%)

	
2608 (9.2%)

	
1

	
1.00 [0.91–1.09]




	
SES N (%)

	
Low

	
1457(34.5%)

	
9828(34.5%)

	
1

	
1.00 [0.94–1.07]




	
Low-Middle

	
1357 (19.1%)

	
5428 (19.1%)

	
1

	
1.00 [0.94–1.07]




	
Middle-High

	
1564 (22.0%)

	
6256 (22.0%)

	
1

	
1.00 [0.94–1.07]




	
High

	
1092 (15.3%)

	
4368 (15.3%)

	
1

	
1.00 [0.93–1.08]




	
~Missing~

	
652 (9.2%)

	
2608 (9.2%)

	
1

	
1.00 [0.91–1.09]
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G6PD Deficient Group

	
Matched Controls

	
p

	
Odds Ratio [95% CI]






	
N

	

	
7473

	
29,892

	

	




	
Smoking status

	
Non-smoker

	
3505 (76.93%)

	
13,073 (74.77%)

	
0.001

	
1.12 [1.07–1.19]




	
Past smoker

	
83 (1.8%)

	
305 (1.8%)

	
0.489

	
1.09 [0.84–1.40]




	
Smoker

	
968 (21.25%)

	
4096 (23.43%)

	
0.186

	
0.94 [0.87–1.01]




	
Missing

	
2917 (39.03%)

	
12,407 (41.51%)

	
0.001

	
0.90 [0.85–0.95]




	
BMI (kg/m2)

	
23.33 (6.14)

	
23.45 (6.32)

	
0.104

	




	
Obesity, n (%)

	
915 (13.6%)

	
3934 (15.0%)

	
0.042

	
0.92 [0.85–0.99]




	
Hypertension, n (%)

	
804 (10.8%)

	
3365 (11.3%)

	
0.971

	
0.97 [0.89–1.05]




	
Diabetes Mellitus, n (%)

	
418 (5.59%)

	
1952 (6.53%)

	
0.035

	
0.85 [0.76–0.95]




	
ADHD, n (%)

	
1040 (13.9%)

	
3650 (12.2%)

	
0.001

	
1.16 [1.08–1.25]











 





Table 3. Physician visits and the use of stimulants among the G6PD-deficient group and matched control group.
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	G6PD-Deficient Group
	Matched Controls
	p
	Odds Ratio [95% CI]





	N
	7473
	29,892
	
	



	Adult Neurologist Visits, n (%)
	1746 (23.4%)
	5687 (19.1%)
	0.001
	1.30 [1.22–1.38]



	Child Neurologist Visits, n (%)
	604 (8.1%)
	2253 (7.5%)
	0.073
	1.08 [0.98–1.19]



	Adult Psychiatrist Visits, n (%)
	514 (6.9%)
	1846 (6.2%)
	0.048
	1.12 [1.01–1.24]



	Child Psychiatrist Visits, n (%)
	161 (2.2%)
	615 (2.1%)
	0.586
	1.05 [0.87–1.25]



	ADHD-trained PCP Visits, n (%)
	115 (1.5%)
	410 (1.3%)
	0.054
	1.12 [0.98–1.39]



	Methylphenidate Use, n (%)
	929 (12.4%)
	3233 (10.8%)
	0.001
	1.17 [1.08–1.27]



	Amphetamine, n (%)
	195 (2.6%)
	675 (2.2%)
	0.041
	1.16 [1.03–1.37]
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