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Introduction

Insomnia is the most common sleep problem among adults with attention deficit hyperactivity disorder (ADHD). The severity of insomnia can exacerbate the symptoms of ADHD. Identifying the predictive factors that contribute to insomnia severity may be crucial in treating insomnia among adults with ADHD. One potential factor contributing to insomnia is sleep reactivity, which refers to the tendency to experience insomnia triggered by stress. This phenomenon, also known as vulnerability to stress-related insomnia, reflects the extent to which individuals are prone to developing insomnia in response to stressful situations. To date, sleep reactivity in adults with ADHD has not been studied. This study aimed to investigate the relationship between sleep reactivity, attention deficit hyperactivity symptoms, and the severity of insomnia in adults with ADHD.





Methods

This study included 61 adults with ADHD with no comorbid psychiatric or medical diseases and 61 adult healthy controls (HCs) matched for age, sex, body mass index, and years of education. All participants completed the sociodemographic data form, Ford Insomnia Response to Stress Test (FIRST), Pittsburgh Sleep Quality Index (PSQI), Insomnia Severity Index (ISI), Adult ADHD Self-Report Scale (ASRS), and Wender Utah Rating Scale (WURS).





Results

Sleep reactivity, insomnia severity, and poor sleep quality were higher in adults with ADHD compared to HCs. Higher sleep reactivity was associated with worse sleep outcomes in both groups, whereas higher sleep reactivity was associated with severe ADHD symptoms in the HCs group. In the ADHD group, insomnia severity was predicted by higher sleep reactivity, ASRS, and being female (R2 = 0.32, F (6, 61) = 4.36, p = 0.001), not age, ADHD medication use, and WURS.





Conclusion

Our findings suggest that higher sleep reactivity, increased ADHD symptoms, and being female may predict the severity of insomnia in adults with ADHD.
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1 Introduction

Attention deficit hyperactivity disorder (ADHD) is a neurodevelopmental disorder characterized by inattention, impulsivity, and/or hyperactivity (1). The prevalence of ADHD in adults is reported to be 2.5% in epidemiological studies and 2.8% in the most recent World Health Organization’s Mental Health Survey conducted across 10 countries (2, 3). It is important to note that the incidence of ADHD in adults is likely underestimated, as ADHD is often perceived as a childhood disorder that improves with age, and the criteria in the Diagnostic and Statistical Manual of Mental Disorders (DSM) are not adequately sensitive to the adult population. Therefore, adults with ADHD require greater attention (4). ADHD can significantly impair various aspects of daily life, including interpersonal relationships, academic performance, occupational success, and the ability to manage everyday tasks (5). In addition to its core symptoms, adults with ADHD often develop comorbid psychiatric disorders, such as anxiety, mood disorders, and substance use disorders (6).

Sleep disturbances are common and have significant clinical implications for adults with ADHD. Approximately 40–70% of adults with ADHD experience symptoms of insomnia, which is significantly higher than the rate reported in the general population (7). Insomnia can adversely affect cognitive functions such as attention, learning, memory, and executive function in ADHD. A bidirectional relationship is present between insomnia and ADHD symptoms: while more severe ADHD symptoms can exacerbate insomnia, increased severity of insomnia can also worsen ADHD symptoms (8, 9). Similarly, a comparable relationship occurs between other psychiatric disorders and insomnia, where psychiatric comorbidities can elevate the risk of insomnia, and conversely, insomnia can intensify the severity of psychiatric comorbidities (8, 10). Therefore, treating insomnia may not only improve ADHD symptoms but also alleviate comorbid mental health issues in adults with ADHD. A recent longitudinal study confirmed that adults with ADHD whose insomnia symptoms remitted showed improvements in both ADHD symptoms and their overall quality of life (5). The management of insomnia in adults with ADHD has a significant challenge due to the lack of ideal pharmacological treatments and the limited access to cognitive behavioral therapy-insomnia (CBT-I), which is considered the gold standard for insomnia treatment (11, 12). Additionally, ADHD medications and their various formulations (e.g., stimulants and non-stimulants, short-acting and long-acting) can have significant and varying effects on sleep in adults with ADHD. Delayed sleep onset or insomnia may increase when stimulants are first introduced, although daytime sleepiness is associated with non-stimulants (13). Consequently, identifying factors that predispose insomnia is crucial for developing effective preventive treatments.

Stress-diathesis models are widely accepted as etiological frameworks for a variety of psychiatric disorders, including depression, post-traumatic stress disorder, schizophrenia, and insomnia (14). According to these models, exposure to stress increases the likelihood of insomnia, though not everyone exposed to stress develops insomnia. This suggests that individual differences in stress regulation are crucial in determining whether insomnia will develop. Sleep reactivity refers to the extent to which stressors disrupt sleep, and it is a measure of an individual’s sensitivity to stress in relation to their sleep patterns (15, 16). Other terms used to describe sleep reactivity include “sleep system sensitivity,” “stress reactivity of the sleep system,” and “vulnerability to insomnia” (17, 18). Sleep reactivity is a normal phenomenon; all individuals experience difficulty sleeping when faced with specific stressors. Even minor challenges, such as unfamiliar sleeping environments or slight circadian shifts, can lead to transient sleep difficulties for many. However, individuals with higher sleep reactivity are more vulnerable to insomnia, even after the initial stressor has resolved, whereas those with lower sleep reactivity experience mild sleep disruptions that return to normal without serious complications (19, 20). The Ford Insomnia Response to Stress Test (FIRST) is a self-rated questionnaire that effectively measures sleep reactivity and has been shown to predict both the onset and persistence of insomnia symptoms over time (21–23). Additionally, one study found that higher sleep reactivity and insomnia can synergistically aggravate depressive symptoms (24). Therefore, interventions targeting sleep reactivity may also be beneficial in the treatment of mental health symptoms.

Research on the link between ADHD and stress has primarily focused on both physiological stress responses and the impact of daily stressors. Generally, research shows that adults with ADHD exhibit higher physiological stress response, as measured by salivary cortisol levels, and report greater subjective stress compared to non-diagnosed adults (25–27). Specifically, stress levels in adults with ADHD are typically higher both when a stressor is present or when it is anticipated. Additionally, one study found that adults with ADHD have more difficulty recovering from stress (26). These findings suggest that adults with ADHD may be more susceptible to experiencing elevated stress. Moreover, research indicates that adults with ADHD exhibit diminished coping abilities in the face of stress which likely exacerbates the impact of stressors (28, 29). Given the high stress levels and poor stress management in adults with ADHD compared to those without, sleep reactivity may be higher in this population. Therefore, sleep reactivity may be a predisposing factor for insomnia in adults with ADHD and may worsen ADHD symptoms by increasing the severity of insomnia.

Identifying adults with ADHD who have higher sleep reactivity and interventions to reduce sleep reactivity may help prevent insomnia. As a result, the worsening of ADHD and depressive symptoms can be prevented. To date, the role of sleep reactivity in adults with ADHD has not been examined. In the present study, we collected cross-sectional self-report data on sleep reactivity, insomnia severity, sleep quality, and ADHD symptoms (childhood and current ADHD symptoms) from 61 adults with ADHD no comorbid psychiatric or medical disease and 61 adult healthy controls (HCs) matched for age, gender, body mass index (BMI), and education level. We hypothesized that adults with ADHD compared to HCs would report higher sleep reactivity, more severe insomnia, and poor sleep quality. Additionally, we hypothesized that individuals with high sleep reactivity, whether in the ADHD or HC group, would experience worse sleep quality, more severe insomnia, and higher ADHD symptom severity compared to those with low sleep reactivity. Finally, we aimed to identify predictive factors of insomnia severity in adults with ADHD through regression analysis, focusing on sleep reactivity, age, gender, ADHD symptoms, and ADHD medication use.




2 Materials and methods



2.1 Participants and procedure

Since this study is the first to investigate sleep reactivity in adults with ADHD, there were no previous studies directly addressing the required sample size for this type of research. Therefore, sample size estimation was based on estimates based on similar research. Based on assumptions from similar studies, we determined that a sample size of a minimum of 50 adults with ADHD and 50 HCs would be sufficient to achieve reliable and valid results.

The study included 61 adults diagnosed with ADHD and 61 HCs. The adults with ADHD in this study were consecutively selected from those attending the psychiatry outpatient clinic. All patients were diagnosed by a licensed psychiatrist. The inclusion criteria for the patient group were: 1) a diagnosis of ADHD according to the 5th edition of the DSM; and 2) voluntary participation in the study. The exclusion criteria included: 1) a comorbid mental illness (including insomnia disorder); 2) use of any medication except ADHD medications; 3) smoking, alcohol consumption, or substance use; 4) chronic disease; 5) a mental deficit preventing the completion of the scales. For the HCs, the inclusion criteria were: 1) no history of mental illness, either past or present; and 2) voluntary participation in the study. Exclusion criteria for HCs included: 1) use of any medication; 2) chronic disease; 3) smoking, alcohol consumption, or substance use; 4) a mental deficit preventing the completion of the scales. HCs were randomly selected from hospital staff and matched with the patient group based on age, sex, BMI, and educational level. In order to recruit HCs, an announcement regarding the study, including the conditions of participation, was made throughout the hospital. They were invited to participate if they expressed interest in the study. This was intended to ensure random and unbiased participation.

The study adhered to the principles of the Declaration of Helsinki. Informed consent was obtained from all participants before their inclusion in the study. Ethical approval was issued by the Scientific Research Ethics Committee of Erzurum Faculty of Medicine, University of Health Sciences (approval number: 2024/02-38). The research was conducted between March 1, 2024, and August 1, 2024.

All participants completed a socio-demographic questionnaire, which included questions on age, sex, weight, height, and educational level. Additionally, all subjects responded to several scales: the FIRST, the Insomnia Severity Index (ISI), the Pittsburgh Sleep Quality Index (PSQI), the Wender Utah Rating Scale (WURS), and the Adult ADHD Self-Report Scale (ASRS). Sleep parameters were performed with the most commonly used self-psychometric scales in the literature and showed high reliability in our study.




2.2 Measures



2.2.1 Ford insomnia response to stress test

Sleep reactivity was assessed using the FIRST (21). It is a self-report questionnaire to assess the relationship between stress and insomnia. The FIRST-T is a self-administered questionnaire that evaluates the likelihood of insomnia about nine specific stress-inducing events (e.g., “after a stressful experience during the day” and “before an important meeting the next day”). Each item is rated on a scale from 1 to 4, and the total score ranges from 9 to 36 points, with higher scores indicating greater levels of sleep reactivity (21). The FIRST has demonstrated adequate psychometric properties. The Turkish version of the FIRST was validated by Uygur et al. (30). In our study, we found adequate internal consistency for the FIRST (Cronbach’s α = 0.78, McDonald’s ω = 0.79). It has been suggested that median values of the FIRST can serve as cut-off points for distinguishing between high and low sleep reactivity (17, 30). Our study found a median FIRST score of 22 for ADHD patients and 17 for HCs, which we accepted as cut-off values to differentiate between high and low sleep reactivity in both groups.




2.2.2 Insomnia severity index

The ISI was used to evaluate the severity of insomnia. The ISI consists of seven items that assess various aspects of insomnia, including difficulties with sleep onset and maintenance, dissatisfaction with sleep quality, and the impact of sleep problems on daily functioning (31). The Turkish version of the ISI also consists of 7 items, each rated on a scale from 0 to 4, resulting in a total score that ranges from 0 to 28. A total score of 0-7 indicates no insomnia, while a score of 15 or higher is considered indicative of clinical insomnia. The Turkish version of the ISI was validated by Boysan et al. and has demonstrated adequate validity (32). In our study, we found robust internal consistency for the ISI (Cronbach’s α = 0.80, McDonald’s ω = 0.82). We accepted 15 points and above as the cut-off value for clinical insomnia in our study.




2.2.3 Pittsburg sleep quality index

The PSQI is a 19-item self-report questionnaire that assesses sleep quality and its disturbances during the last month. The PSQI is scored from 0 to 21, with higher scores indicating greater sleep disturbances and poor sleep quality (33). Agargün et al. conducted the psychometric properties Turkish version of the PSQI and demonstrated adequate validity and reliability (34). In our study, we found adequate internal consistency for PSQI (Cronbach’s α = 0.74, McDonald’s ω = 0.75).




2.2.4 Adult ADHD self-report scale

The clinical severity of ADHD was evaluated with the ASRS (35). It is an 18-item self-report questionnaire to assess ADHD symptoms in adults. Each item is rated from 0 to 4, and the total ASRS score ranges between 0 and 72. Higher scores indicate more severe ADHD symptoms. Evren et al. adapted and validated the Turkish version (36). In our study, we found robust internal consistency for ASRS (Cronbach’s α = 0.84, McDonald’s ω = 0.86).




2.2.5 Wender utah rating scale

The clinical severity of ADHD during childhood was evaluated with the WURS. It is a 25-item self-report tool to assess retrospectively the severity of childhood ADHD symptoms in adults. The WURS has demonstrated strong psychometric properties (37). Each item is rated from 0 to 4, and the total WURS score varies between 0 and 100. Higher scores indicate more severe childhood ADHD symptoms. The Turkish adaptation of the WURS was validated in a study by Öncü et al. (38). In our study, we found adequate internal consistency for WURS (Cronbach’s α = 0.78, McDonald’s ω = 0.79).





2.3 Statistical analysis

Statistical analyses were performed using SPSS 23.0 and Jamovi 2.3.28. Descriptive statistics were presented as numbers, percentages, means, and standard deviations. Data normality was assessed based on skewness and kurtosis values. For normally distributed data, the Student’s t-test was used for comparisons, while the Mann-Whitney U test was used for non-normally distributed data. The Chi-square test was used to compare categorical variables. For correlation analyses, Pearson correlation was used for normally distributed variables, and Spearman correlation was used for non-normally distributed variables.

We compared sleep reactivity, insomnia severity, sleep quality, and ADHD symptoms between the ADHD and HCs groups. Both groups were divided into high and low sleep reactivity subgroups. Sleep scales and ADHD symptoms were compared between these high and low sleep reactivity groups. Correlation analyses were conducted between the scales in both the ADHD and HC groups. Additionally, we performed linear regression analysis to identify factors predicting insomnia severity in ADHD patients. Statistical significance was set at p < 0.05.





3 Results



3.1 Participants characteristics and scales about sleep and ADHD symptoms

The study sample consisted of 61 adults with ADHD and 61 HCs. Twenty-four patients in the ADHD group were female; the mean age of the ADHD group was 25.3 (SD 6.4) years. Twenty-one patients in the HCs group were female; the mean age of HCs was 26.1 (SD 3.6) years. There was no significant difference between the two groups in terms of age, sex, BMI, and years of education. 54.1% (n = 33) of adults with ADHD used ADHD medication (stimulants or atomoxetine). Adults were usually diagnosed with ADHD in childhood and some of them were receiving ADHD treatment while others were not.

The mean scores of the FIRST, ISI, PSQI, ASRS, and WURS in the ADHD group were, respectively, 22.8 (SD 5.9), 11.2 (SD 6.5), 8.8 (SD 3.8), 43.4 (SD 11.6), and 44.8 (SD 17.9). The mean scores of the FIRST, ISI, PSQI, ASRS, and WURS in the HCs group were, respectively, 22.8 (SD 5.9), 11.2 (SD 6.5), 8.8 (SD 3.8), 43.4 (SD 11.6), and 44.8 (SD 17.9). Significantly, all scale scores were higher in the ADHD group. In the ADHD group, 16% had clinical insomnia according to ISI, and 85.2% were poor sleepers according to PSQI. On the other hand, 4.9% had clinical insomnia according to ISI, and 62.3% were poor sleepers according to PSQI. Table 1 presents the participants’ characteristics and scales as a comparison of the two groups.


Table 1 | Demographic and sleep variables in ADHD and HCs group.






3.2 Comparisons of scales in high-low sleep reactivity groups

As in previous studies, we accepted the median score of the FIRST-T as the cut-off value for discriminating between high and low sleep reactivity. We divided both adults with ADHD and HCs into two groups: a low FIRST-T score group and a high FIRST-T score group. We found the cutoff score for high sleep reactivity is 22 in the ADHD group, and is 17 in the HCs group.

We conducted a comparison between the high and low sleep reactivity groups in both the ADHD and HCs groups. In the ADHD group, there was no significant difference between those with high sleep reactivity and those with low sleep reactivity in terms of age, sex, ASRS, and WURS, while FIRST, ISI, and PSQI were significantly higher in the high sleep reactivity group. In the HCs group, the high sleep reactivity group had a higher proportion of females, and their mean age was lower than that of the low sleep reactivity group. All scales were significantly higher in the high sleep reactivity group than in the low sleep reactivity group. Table 2 presents the comparisons of high and low sleep reactivity in the ADHD and HC groups.


Table 2 | Comparisons of demographic and sleep variables in high-low sleep reactivity groups both ADHD and HCs groups.






3.3 Correlations of scales in ADHD and HCs groups

We examined the correlation between the scales in both ADHD and HCs groups. In the ADHD group, significant correlations were found between FIRST and ISI and PSQI, while no significant correlations were found between FIRST and ASRS and WURS. However, in the HCs group, significant correlations were found between FIRST and ISI, PSQI, ASRS and WURS. Table 3 presents the correlations of scales in ADHD and HCs groups.


Table 3 | Correlations of scales in ADHD and HCs groups.






3.4 Predictors of insomnia severity in ADHD patients

As a result of the regression analysis was significant (F (6, 61) = 4.36, p = 0.001) and the independent variables explained 32% of the change in insomnia severity. According to the results of this analysis, FIRST, ASRS and being female were found to be significant in the model, while age, ADHD medication use, and WURS were found to be insignificant. Table 4 presents the factors predicted insomnia severity in ADHD group.


Table 4 | The factors predicted insomnia severity in ADHD group.







4 Discussion

In this study, the aim was to explore the role of sleep reactivity in the insomnia puzzle in adults with ADHD. Firstly, we compared sleep reactivity, insomnia severity, sleep quality, and ADHD symptoms between adults with ADHD and HCs. Second, we compared high and low sleep reactivity groups, which included both ADHD and HC groups. Finally, we analyzed the factors that predict insomnia severity in adults with ADHD.

In our study, the first key finding was that 26.2% of adults with ADHD had clinical insomnia, and 85.2% reported poor sleep quality. Between 43% and 85% of adults with ADHD experience insomnia symptoms, a prevalence significantly higher than that observed in the general population (39, 40). Consistent with previous studies, we found that adults with ADHD experienced more severe insomnia and poor sleep quality compared to HCs (39–42).

The second key finding was that adults with ADHD reported higher levels of sleep reactivity compared to HCs. This finding extends previous knowledge about sleep reactivity in adults with ADHD and emphasizes the pathogenicity of sleep reactivity in adults with ADHD. Several studies suggest that ADHD symptoms are positively correlated with perceived stress, and ADHD patients tend to have lower problem-solving skills (22, 43). As a result, adults with ADHD may be more likely to experience stress during minor life events, which could lead to increased sleep reactivity, thereby enhancing the likelihood of stress-induced insomnia.

The third key finding of the study was that adults with ADHD with high sleep reactivity reported greater severity of insomnia and poorer sleep quality. However, there was no significant difference in ADHD symptoms between patients with high and low sleep reactivity. Correlation analysis supported these findings, showing a significant positive correlation between sleep reactivity and both insomnia severity and poor sleep quality in adults with ADHD, but no correlation with ADHD symptoms. One possible explanation for the lack of difference in ADHD symptoms and the absence of a correlation is the use of ADHD medications by some patients.

It is important to note that high insomnia severity in adults with ADHD can lead to the onset of other mental health disorders, such as mood disorders and substance use. Therefore, it is crucial to identify adults with ADHD with high sleep reactivity to prevent the development and exacerbation of insomnia (42). Previous research has also explored sleep reactivity in cancer patients and pregnant women. Findings suggest that high sleep reactivity in cancer patients was a predictor of insomnia and was associated with increased levels of depression, anxiety, and suicide risk in pregnant women (22, 43).

The fourth key finding was that HCs with high sleep reactivity reported higher levels of insomnia, poor sleep quality, and more severe symptoms of ADHD (both current and childhood). Consistent with these findings, in the correlation analysis, sleep reactivity showed a significant positive correlation with insomnia severity, poor sleep quality, and ADHD symptoms. This is the first study in the literature to demonstrate a correlation between sleep reactivity and ADHD symptoms in HCs. It is known that sleep deprivation significantly impairs cognitive functions. High sleep reactivity may have negatively affected attention processes as a result of severe sleep deprivation, or individuals with high ADHD symptoms may be more sensitive to stressful events and, therefore, leading to higher sleep reactivity (29, 44, 45).

The fifth key finding revealed that there were no significant differences in age and gender between high and low sleep reactivity groups in adults with ADHD. However, among HCs, individuals with high sleep reactivity were more likely to be female and younger. Numerous studies have identified being female as a risk factor for insomnia, and females tend to be more sensitive to stress (46–48). Therefore, we anticipate higher levels of sleep reactivity in females.

The sixth key finding indicated that ADHD treatment did not predict the severity of insomnia. In our study, we included both adults with ADHD who were receiving medication and those who were not. Some patients were on stable medication regimens, while others had no current treatment. As such, the potential impact of ADHD medications on sleep was an important consideration. However, our findings did not reveal a significant relationship between ADHD treatment and insomnia severity. Previous studies have shown that the relationship between ADHD medications and sleep outcomes is complex, with some reporting improvements in sleep quality with certain medications, while others indicate potential negative effects such as insomnia or daytime sleepiness (13, 49). These conflicting results may be due to factors such as medication type, dosage, and individual differences, which may explain why we did not observe a clear link between ADHD treatment and sleep disturbances in our sample.

The final and most significant finding of our study was that severe insomnia in adults with ADHD was predicted by higher sleep reactivity, female gender, and greater ADHD symptom severity. While being female and the severity of ADHD symptoms have previously been identified as risk factors for insomnia in adults with ADHD (50). Our study is the first to show that sleep reactivity predicts insomnia severity in this population. Adults with ADHD may experience a higher incidence of insomnia due to this factor. The FIRST self-report scale can accurately predict high sleep reactivity in adults with ADHD, and this simple, rapid test could help prevent the development of insomnia in these patients, potentially averting severe insomnia. The increased severity of insomnia in adults with ADHD can negatively impact clinical outcomes (41, 42), exacerbating symptoms such as inattention and impulsivity. Insomnia treatment may reduce ADHD symptoms in these patients, but accessing CBT-I can be challenging. Furthermore, pharmacological treatment for insomnia may worsen ADHD symptoms or cause psychological and physiological dependence (51). Therefore, early identification of insomnia predictors and timely intervention could be a more cost-effective approach to managing these comorbid conditions.



4.1 Limitations

It was important to acknowledge the limitations of this study. First, the study is cross-sectional. Therefore, we cannot establish directionality or causality among sleep reactivity, insomnia severity, and ADHD symptoms. Second, the sample size is relatively small. However, considering that we used strict exclusion criteria such as comorbid mental illnesses, smoking, alcohol, and substance use, this sample size is quite sufficient. Third, we did not utilize objective sleep measurements, such as polysomnography or actigraphy. While these measurements would strengthen results but cost more. Despite these limitations, this study also has several important strengths. To our knowledge, this is the first study to investigate the relationship between sleep reactivity, ADHD symptoms, and insomnia severity in adults with ADHD. Additionally, we used an optimal set of validated instruments (FIRST, ISI, PSQI, ASRS, and WURS) in this study. Furthermore, the rigorous exclusion and inclusion criteria helped minimize the impact of potential confounding factors.





5 Conclusion

Early identification of adults with ADHD who are at heightened risk for insomnia is crucial for preventing the onset and exacerbation of sleep-related problems. Our findings underscore the importance of sleep reactivity in predicting insomnia severity in this population. Future prospective studies, incorporating objective sleep-related measures, are needed to further investigate the role of sleep reactivity, as well as to explore potential interventions to mitigate insomnia in adults with ADHD.





Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.





Ethics statement

Ethical approval was issued by the Scientific Research Ethics Committee of Erzurum Faculty of Medicine, University of Health Sciences (approval number: 2024/02-38). The studies were conducted in accordance with the local legislation and institutional requirements. The participants provided their written informed consent to participate in this study.





Author contributions

HU: Conceptualization, Formal analysis, Methodology, Project administration, Software, Validation, Writing – original draft, Writing – review & editing.





Funding

The author(s) declare that no financial support was received for the research, authorship, and/or publication of this article.





Conflict of interest

The author declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.





Generative AI statement

The author(s) declare that no Generative AI was used in the creation of this manuscript.





References

1. American Psychiatric Association. Diagnostic and statistical manual of mental disorders, 5th ed. (Washington DC: APPI) (2013). doi: 10.1176/appi.books.9780890425596.

2. Magnin E, Maurs C. Attention-deficit/hyperactivity disorder during adulthood. Rev Neurol (Paris). (2017) 173:506–15. doi: 10.1016/j.neurol.2017.07.008

3. Simon V, Czobor P, Balint S, Meszaros A, Bitter I. Prevalence and correlates of adult attention-deficit hyperactivity disorder: meta-analysis. Br J Psychiatry. (2009) 194:204–11. doi: 10.1192/bjp.bp.107.048827

4. Zhu F, Liu B, Kuang D, Zhu X, Bi X, Song Y, et al. The association between physical activity and sleep in adult ADHD patients with stimulant medication use. Front Psychiatry. (2023) 14:1236636. doi: 10.3389/fpsyt.2023.1236636

5. Fadeuilhe C, Daigre C, Richarte V, Grau-López L, Palma-Álvarez RF, Corrales M, et al. Insomnia disorder in adult attention-deficit/hyperactivity disorder patients: clinical, comorbidity, and treatment correlates. Front Psychiatry. (2021) 12:663889. doi: 10.3389/fpsyt.2021.663889

6. Faraone SV, Asherson P, Banaschewski T, Biederman J, Buitelaar JK, Ramos-Quiroga JA, et al. Attention-deficit/hyperactivity disorder. Nat Rev Dis Primers. (2015) 1:15020. doi: 10.1038/nrdp.2015.20

7. Ginapp CM, Greenberg NR, Macdonald-Gagnon G, Angarita GA, Bold KW, Potenza MN. The experiences of adults with ADHD in interpersonal relationships and online communities: A qualitative study. SSM Qual Res Health. (2023) 3:100223. doi: 10.1016/j.ssmqr.2023.100223

8. Fayyad J, Sampson NA, Hwang I, Adamowski T, Aguilar-Gaxiola S, Al-Hamzawi A, et al. The descriptive epidemiology of DSM-IV Adult ADHD in the World Health Organization World Mental Health Surveys. Atten Defic Hyperact Disord. (2017) 9:47–65. doi: 10.1007/s12402-016-0208-3

9. Schredl M, Alm B, Sobanski E. Sleep quality in adult patients with attention deficit hyperactivity disorder (ADHD). Eur Arch Psychiatry Clin Neurosci. (2007) 257:164–8. doi: 10.1007/s00406-006-0703-1

10. Helfer B, Bozhilova N, Cooper RE, Douzenis JI, Maltezos S, Asherson P. The key role of daytime sleepiness in cognitive functioning of adults with attention deficit hyperactivity disorder. Eur Psychiatry. (2020) 63:e31. doi: 10.1192/j.eurpsy.2020.28

11. Ten Have M, Penninx BWJH, van Dorsselaer S, Tuithof M, Kleinjan M, de Graaf R. Insomnia among current and remitted common mental disorders and the association with role functioning: results from a general population study. Sleep Med. (2016) 25:34–41. doi: 10.1016/j.sleep.2016.07.015

12. Caye A, Swanson JM, Coghill D, Rohde LA. Treatment strategies for ADHD: an evidence-based guide to select optimal treatment. Mol Psychiatry. (2019) 24:390–408. doi: 10.1038/s41380-018-0116-3

13. Stein MA, Zulauf-McCurdy C, DelRosso LM. Attention deficit hyperactivity disorder medications and sleep. Child Adolesc Psychiatr Clin N Am. (2022) 31:499–514. doi: 10.1016/j.chc.2022.03.006

14. Wynchank D, Bijlenga D, Beekman AT, Kooij JJS, Penninx BW. Adult attention-deficit/hyperactivity disorder (ADHD) and insomnia: an update of the literature. Curr Psychiatry Rep. (2017) 19:98. doi: 10.1007/s11920-017-0860-0

15. Morin CM, Rodrigue S, Ivers H. Role of stress, arousal, and coping skills in primary insomnia. Psychosom Med. (2003) 65:259–67. doi: 10.1097/01.psy.0000030391.09558.a3

16. Nakajima S, Okajima I, Sasai T, Kobayashi M, Furudate N, Drake CL, et al. Validation of the Japanese version of the Ford Insomnia Response to Stress Test and the association of sleep reactivity with trait anxiety and insomnia. Sleep Med. (2014) 15:196–202. doi: 10.1016/j.sleep.2013.09.022

17. Petersen H, Kecklund G, D'Onofrio P, Nilsson J, Åkerstedt T. Stress vulnerability and the effects of moderate daily stress on sleep polysomnography and subjective sleepiness. J Sleep Res. (2013) 22:50–7. doi: 10.1111/j.1365-2869.2012.01034.x

18. Drake CL, Pillai V, Roth T. Stress and sleep reactivity: a prospective investigation of the stress-diathesis model of insomnia. Sleep. (2014) 37:1295–304. doi: 10.5665/sleep.3916

19. Kalmbach DA, Anderson JR, Drake CL. The impact of stress on sleep: Pathogenic sleep reactivity as a vulnerability to insomnia and circadian disorders. J Sleep Res. (2018) 27:e12710. doi: 10.1111/jsr.12710

20. Bonnet MH, Arand DL. Situational insomnia: consistency, predictors, and outcomes. Sleep. (2003) 26:1029–36. doi: 10.1093/sleep/26.8.1029

21. Drake C, Richardson G, Roehrs T, Scofield H, Roth T. Vulnerability to stress-related sleep disturbance and hyperarousal. Sleep. (2004) 27:285–91. doi: 10.1093/sleep/27.2.285.Xxx

22. Rehman A, Drake CL, Shiramizu V, Fleming L. Sleep reactivity predicts insomnia in patients diagnosed with breast cancer. J Clin Sleep Med. (2022) 18:2597–604. doi: 10.5664/jcsm.10170

23. Jarrin DC, Chen IY, Ivers H, Drake CL, Morin CM. Temporal stability of the Ford Insomnia Response to Stress test (FIRST). J Clin Sleep Med. (2016) 12:1373–78. doi: 10.5664/jcsm.6192

24. Nakajima S, Komada Y, Sasai-Sakuma T, Okajima I, Harada Y, Watanabe K, et al. Higher sleep reactivity and insomnia mutually aggravate depressive symptoms: a cross-sectional epidemiological study in Japan. Sleep Med. (2017) 33:130–3. doi: 10.1016/j.sleep.2016.12.023

25. Hirvikoski T, Lindholm T, Nordenström A, Nordström AL, Lajic S. High self-perceived stress and many stressors, but normal diurnal cortisol rhythm, in adults with ADHD (attention-deficit/hyperactivity disorder). Horm Behav. (2009) 55:418–24. doi: 10.1016/j.yhbeh.2008.12.004

26. Lackschewitz H, Hüther G, Kröner-Herwig B. Physiological and psychological stress responses in adults with attention-deficit/hyperactivity disorder (ADHD). Psychoneuroendocrinology. (2008) 33:612–24. doi: 10.1016/j.psyneuen.2008.01.016

27. Corominas-Roso M, Palomar G, Ferrer R, Real A, Nogueira M, Corrales M, et al. Cortisol response to stress in adults with attention deficit hyperactivity disorder. Int J Neuropsychopharmacol. (2015) 8:pyv027. doi: 10.1093/ijnp/pyv027

28. Riley AW, Spiel G, Coghill D, Döpfner M, Falissard B, Lorenzo MJ, et al. Factors related to health-related quality of life (HRQoL) among children with ADHD in Europe at entry into treatment. Eur Child Adolesc Psychiatry. (2006) 5 Suppl 1:138–45. doi: 10.1007/s00787-006-1006-9

29. Combs MA, Canu WH, Broman-Fulks JJ, Rocheleau CA, Nieman DC. Perceived stress and ADHD symptoms in adults. J Atten Disord. (2015) 19:425–34. doi: 10.1177/1087054712459558

30. Uygur OF, Ahmed O, Bahar A, Hursitoglu O, Aydın EF, Chung S, et al. Adaptation and validation of the turkish version of the ford insomnia response to stress test in university students. Nat Sci Sleep. (2023) 15:139–49. doi: 10.2147/NSS.S398489

31. Bastien CH, Vallières A, Morin CM. Validation of the Insomnia Severity Index as an outcome measure for insomnia research. Sleep Med. (2001) 2:297–307. doi: 10.1016/s1389-9457(00)00065-4

32. Boysan M, Güleç M, Besiroglu L, Kalafat T. Psychometric properties of The Insomnia Severity Index in Turkish sample. Anatolia J Psychiatr. (2010) 11:248–52.

33. Buysse DJ, Reynolds CF, Monk TH, Berman SR, Kupfer DJ. The Pittsburgh Sleep Quality Index: a new instrument for psychiatric practice and research. Psychiatry Res. (1989) 28:193–213. doi: 10.1016/0165-1781(89)90047-4

34. Ağargün MY, Kara H, Anlar Ö. The validity and reliability of the Pittsburgh Sleep Quality Index. Turk Psikiyatri Derg. (1996) 7:107–15.

35. Kessler RC, Adler LA, Gruber MJ, Sarawate CA, Spencer T, Van Brunt DL. Validity of the World Health Organization Adult ADHD Self-Report Scale (ASRS) Screener in a representative sample of health plan members. Int J Methods Psychiatr Res. (2007) 16:52–65. doi: 10.1002/mpr.208

36. Evren C, Umut G, Bozkurt M, Unal GT, Agachanli R, Evren B. Psychometric properties of the Turkish version of the Adult ADHD Self-Report Scale (ASRS-v1.1) in a sample of inpatients with alcohol use disorder. Dusunen Adam J Psychiatry Neurol Sci. (2016) 29:109–19. doi: 10.5350/DAJPN2016290202

37. Ward MF, Wender PH, Reimherr FW. The Wender Utah Rating Scale: an aid in the retrospective diagnosis of childhood attention deficit hyperactivity disorder. Am J Psychiatry. (1993) 150:885–90. doi: 10.1176/ajp.150.6.885

38. Öncü B, Ölmez S, Şentürk V. Validity and reliability of the Turkish version of the Wender Utah Rating Scale for attention-deficit/hyperactivity disorder in adults. Turk Psikiyatri Derg. (2005) 16:252–59.

39. Fisher BC, Garges DM, Yoon SY, Maguire K, Zipay D, Gambino M, et al. Sex differences and the interaction of age and sleep issues in neuropsychological testing performance across the lifespan in an ADD/ADHD sample from the years 1989 to 2009. Psychol Rep. (2014) 114:404–38. doi: 10.2466/15.10.PR0.114k23w0

40. Yoon SY, Jain UR, Shapiro CM. Sleep and daytime function in adults with attention-deficit/hyperactivity disorder: subtype differences. Sleep Med. (2013) 14:648–55. doi: 10.1016/j.sleep.2013.03.003

41. Voinescu BI, Szentagotai A, David D. Sleep disturbance, circadian preference and symptoms of adult attention deficit hyperactivity disorder (ADHD). J Neural Transm (Vienna). (2012) 119:1195–204. doi: 10.1007/s00702-012-0862-3

42. Kirov R, Brand S. Sleep problems and their effect in ADHD. Expert Rev Neurother. (2014) 14:287–99. doi: 10.1586/14737175.2014.885382

43. Palagini L, Cipollone G, Masci I, Novi M, Caruso D, Kalmbach DA, et al. Stress-related sleep reactivity is associated with insomnia, psychopathology and suicidality in pregnant women: preliminary results. Sleep Med. (2019) 56:145–50. doi: 10.1016/j.sleep.2019.01.009

44. Speyer LG, Brown RH, Ribeaud D, Eisner M, Murray AL. The role of moment-to-moment dynamics of perceived stress and negative affect in co-occurring ADHD and internalising symptoms. J Autism Dev Disord. (2023) 53:1213–23. doi: 10.1007/s10803-022-05624-w

45. Killgore WD. Effects of sleep deprivation on cognition. Prog Brain Res. (2010) 185:105–29. doi: 10.1016/B978-0-444-53702-7.00007-5

46. Pengo MF, Won CH, Bourjeily G. Sleep in women across the life span. Chest. (2018) 154:196–206. doi: 10.1016/j.chest.2018.04.005

47. Hale L, Do DP, Basurto-Davila R, Heron M, Finch BK, Dubowitz T, et al. Does mental health history explain gender disparities in insomnia symptoms among young adults? Sleep Med. (2009) 10:1118–23. doi: 10.1016/j.sleep.2008.12.011

48. Verma R, Balhara YP, Gupta CS. Gender differences in stress response: Role of developmental and biological determinants. Ind Psychiatry J. (2011) 20:4–10. doi: 10.4103/0972-6748.98407

49. Stein MA, Weiss M, Hlavaty L. ADHD treatments, sleep, and sleep problems: complex associations. Neurotherapeutics. (2012) 9:509–17. doi: 10.1007/s13311-012-0130-0

50. Fuller-Thomson E, Lewis DA, Agbeyaka SK. Attention-deficit/hyperactivity disorder casts a long shadow: findings from a population-based study of adult women with self-reported ADHD. Child Care Health Dev. (2016) 42:918–27. doi: 10.1111/cch.12380

51. Mijnster T, Boersma GJ, Meijer E, Lancel M. Effectivity of (Personalized) cognitive behavioral therapy for insomnia in mental health populations and the elderly: an overview. J Pers Med. (2022) 12:1070. doi: 10.3390/jpm12071070




Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2025 Uygur. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Unraveling the insomnia puzzle: sleep reactivity, attention deficit hyperactivity symptoms, and insomnia severity in ADHD Patients

      

        		

          Introduction

        



        		

          Methods

        



        		

          Results

        



        		

          Conclusion

        



        		

          1 Introduction

        



        		

          2 Materials and methods

        

          		

            2.1 Participants and procedure

          



          		

            2.2 Measures

          

            		

              2.2.1 Ford insomnia response to stress test

            



            		

              2.2.2 Insomnia severity index

            



            		

              2.2.3 Pittsburg sleep quality index

            



            		

              2.2.4 Adult ADHD self-report scale

            



            		

              2.2.5 Wender utah rating scale

            



          



          



          		

            2.3 Statistical analysis

          



        



        



        		

          3 Results

        

          		

            3.1 Participants characteristics and scales about sleep and ADHD symptoms

          



          		

            3.2 Comparisons of scales in high-low sleep reactivity groups

          



          		

            3.3 Correlations of scales in ADHD and HCs groups

          



          		

            3.4 Predictors of insomnia severity in ADHD patients

          



        



        



        		

          4 Discussion

        

          		

            4.1 Limitations

          



        



        



        		

          5 Conclusion

        



        		

          Data availability statement

        



        		

          Ethics statement

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Conflict of interest

        



        		

          Generative AI statement

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/table2.jpg
bles Groups IRST group IRST group p values
Age ADHD group 26.06 £ 7.17 24,61 £5.70 038"
HCs group 25.03 £ 248 27.29 £4.30 0.02
Sex ADHD group 13/17 (f/m) 11/20 (f/m) 0.53*
HCs group 16/14 (f/m) 5/26 (f/m) 0.02°
FIRST ADHD group 27.93 £ 3.11 17.90 £ 3.17 <0.001"
HCs group 2230 £ 3.04 1412 £ 2.20 <0.001°
1SI ADHD group 1323+ 6.18 941 + 645 0.02
HCs group 833 +394 487 £2.72 <0.001"
PSQI ADHD group 10.03 + 3.46 7.70 + 3.89 0.01b
HCs group 740 +3.12 419 222 <0.001"
ASRS ADHD group 44.46 £ 1130 4245 £ 12.12 050"
HCs group 23.40 £ 9.20 1435 £ 9.47 <0.001"
WURS ADHD group 46.16 £ 1829 4348 £ 17.87 056"
HCs group 16.60 + 9.92 9.77 + 870 0.006"
“chi-square.

b,
Student t test.

Data are reported as mean + standard deviation-SD and number. FIRST, Ford Insomnia Response to Stress Test; ISI, Insomnia Severity Index; PSQI, Pittsburg Sleep Quality Index; ASRS, Adult
ADHD Self-Report Scale; WURS, Wender Utah Rating Scale. Cut off values of FIRST 2 22 for ADHD group, FIRST 2 17 for HCs group.

Bold numbers/values: Statistically significant.





OEBPS/Images/fpsyt.2024.1528979_cover.jpg
& frontiers | Frontiers in Psychiatry

Unraveling the insomnia puzzle: sleep
reactivity, attention deficit hyperactivity
symptoms, and insomnia severity in ADHD
Patients





OEBPS/Images/table4.jpg
Predictor Estimate SE t P

Intercept -10.943 5.182 -2.11 0.039
FIRST 0.344 0.134 256 0.013
ASRS 0.206 0.067 3.06 0.003
WURS 0.038 0.047 0.81 0.421
Age 0.031 0.122 025 0.797
- | 1

Male - Female 4.243 1611 2.63 0.011
ADHD_Drug:

no - yes 0.641 1.593 0.40 0.689

Model 1 R R? F dfl df2 p

0.571 0.327 436 6 54 0.001

Linear - regression analyse. FIRST, Ford Insomnia Response to Stress Test; ISI, Insomnia Severity Index; ASRS, Adult ADHD Self-Report Scale; WURS, Wender Utah Rating Scale.





OEBPS/Images/table3.jpg
Scales Groups ISI PSQl ASRS

FIRST ADHD group b
HCs group -

ISI ADHD group 0.365* -
HCs group 0.483* ‘ -

PSQI ADHD group 0371 0.808** -
HCs group 0.474* 0.657** =

ASRS ADHD group 0.173 0.343** 0.247 =
HCs group 0.504** 0.385** 0.420% -

WURS ADHD group 0.165 0.273* 0.216 0.278* -
HCs group 0.344* ‘ 0.305* 0.419** 0.624** -

Pearson correlation test used. Data are reported as correlation coefficients. FIRST, Ford Insomnia Response to Stress Test; ISI, Insomnia Severity Index; PSQI, Pittsburg Sleep Quality Index;
ASRS, Adult ADHD Self-Report Scale; WURS, Wender Utah Rating Scale.
*p< 0.05, *p <0.01





OEBPS/Images/logo.jpg
’ frontiers ‘ Frontiers in Psychiatry





OEBPS/Images/table1.jpg
Variables ADHD group HCs group p values

(n = 61) (n=61)
Age, years 25.32 + 6.45 26.18 + 3.68 0.372°
Sex, female/male (n) 24/37 21/40 0.573%
BMI, kg/m? 25.03 + 4.93 24.45 + 353 0.452°
Education years 16.55 + 2.14 1672 + 1.31 0.612°
FIRST 22.83 + 5.94 18.14 + 4.88 <0.001°
ISI 11.29 + 6.55 6.57 + 3.77 <0.001°
PSQI 8.85 + 3.84 5.77 + 3.13 <0.001°
ASRS 43.44 + 11.67 ‘ 18.80 + 1032 < 0.001°
WURS 44.80 + 17.98 13.13 + 9.86 <0.001°
Clinical Insomnia (%) 26.2 49 < 0.001°
Poor Sleeper (%) 852 62.3 <0.001°

“chi-square.

“Student t test.

Data are reported as mean + standard deviation-SD and number. BMI, Body Mass Index; FIRST,
Ford Insomnia Response to Stress Test; ISI, Insomnia Severity Index; PSQI, Pittsburg Sleep
Quality Index; ASRS, Adult ADHD Self-Report Scale; WURS, Wender Utah Rating Scale.
Bold numbers/values: Statistically significant.





