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Background

Accumulating evidence has shown that valproate has the greatest teratogenic potential for increasing the risk of major congenital malformations, such as neural tube defects, cleft palate, and neurodevelopmental disability. Although valproate is a pharmacological option for acute mania and is used as a stabilization drug for patients with bipolar disorder, some global guidelines state that valproate should not be used for girls or women of childbearing age with bipolar disorder. We investigated patterns in psychiatrists' prescription of valproate for bipolar female patients of childbearing age in Japan.



Methods

From March to May 2018, we conducted a questionnaire survey among psychiatrists from all prefectures in Japan on psychiatric practice as it relates to major depression and bipolar disorder throughout women's life. The questionnaire had two parts: (1) assessment of participating psychiatrists' backgrounds and attitudes toward patients and (2) their patterns of prescription of psychotropics for female patients with mood disorders across generations and periods of pregnancy. Each question item had four response options: “not at all,” “rarely,” “sometimes,” and “frequently.” We examined patterns of prescription for childbearing-aged women (late adolescence/young adulthood aged 18–24 years, childbearing-age, older adults aged 25–49 years) and pregnant women.



Results

In total, 571 psychiatrists (427 males, 123 females, and 21 unknowns) responded appropriately to the questionnaire, including 320 who examined at least one or more late adolescence/young adulthood bipolar women. Approximately 70% of psychiatrists answered that they frequently or sometimes prescribed valproate for bipolar women of childbearing age [late adolescence/young adulthood: not at all, n = 23 (7.5%); rarely, n = 69 (22.5%); sometimes, n =116 (37.8%); and frequently, n = 99 (32.2%); childbearing-age, older adults: not at all, n = 13 (2.7%); rarely, n = 67 (13.8%); sometimes, n = 185 (38.1%); and frequently, n = 220 (45.4%)]. The proportion of general hospital psychiatrists who answered “not at all” or “rarely” to the frequency of their valproate prescriptions was higher than that of psychiatrists working in other medical facilities (χ2(3) = 18.2, p < 0.001).



Conclusion

Most psychiatrists frequently or sometimes prescribe valproate for women of childbearing age in Japan.
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Introduction

Bipolar disorder frequently emerges in the late teens and young adults (1–3) and its prevalence in males and females is the same (4). The nature, course, and prognosis of bipolar disorder include: (a) a tendency toward remission and recurrent mood episodes (5), (b) frequent comorbidities such as substance use and anxiety disorders (6), (c) decreased quality of life and neurocognitive functioning in various domains such as work and family life (7, 8), and (d) high mortality characterized by suicide (9, 10) and general medical conditions (11). Therefore, the burden of illness is serious in young bipolar patients that need continuous, ongoing management.

Pharmacological treatment plays a crucial role in the continuous management of patients with bipolar disorder. According to several worldwide guidelines (12–14), pharmacology may be in the form of therapies for any mood episodes, including mania and depression, and as continued treatment for the prevention of any episodes in the maintenance phase. However, among girls, women of childbearing age, and pregnant women with bipolar disorder, continuous medication is often difficult to successfully administer; hence, the pharmacological strategy for these patients must be different from that for other patients due to the risks of congenital malformations. Several guidelines for the management of bipolar disorder such as the National Institute for Health and Care Excellence: bipolar disorder: assessment and management [CG185] (NICE), last updated April 2018 (NICE 185 guideline) (15), and the International College of Neuro-Psychopharmacology (CINP) treatment guidelines for Bipolar disorder in adults (CINP-BD-2017) (12) commonly state that valproate should not be used for women of childbearing age due to its teratogenic potential.

Although valproate is one of the pharmacological options for the treatment of acute mania and the stabilization in patients with bipolar disorder, accumulating evidence has shown that valproate, among other pharmacological treatments for bipolar disorder, has the greatest teratogenic potential as it increases the risk of major congenital malformations, such as neural tube defects, including spina bifida {odds ratio [OR] = 12.7 [95% confidence interval (CI), 7.7 to 20.7]}, and cleft palate [OR = 5.2 (95% CI, 2.8 to 9.9)] (16, 17), and neurodevelopmental disability (18, 19). The CINP-BD-2017 states that valproate is not suitable for women of childbearing age. The NICE 185 guideline (15) and the UK National Institute for Health and Care Excellence Clinical Guideline 192, antenatal and postnatal mental health clinical management and service guidance, last updated April 2018 (NICE 192 guideline) (20), also state that unless alternative medications are not suitable, women (including prepubertal young girls) or the women without a pregnancy prevention program certificate should not undergo valproate treatment. Moreover, in November 2014, due to the emerging findings that prenatal exposure to valproate lead to neurodevelopmental adversities such as intellectual disability (21, 22), the European Medicines Agency issued a warning on regulatory restrictions regarding the use of valproate on girls and women of potential childbearing age unless other treatments are ineffective or not tolerated.

Our recent study that investigated the top 11 most frequently prescribed anticonvulsants and lithium using the National Insurance claims database in Japan from April 2014 to March 2015, showed that valproate was the most prescribed major anticonvulsant for female outpatients of childbearing age, and was prescribed slightly lesser compared to same-aged men. However, this data preceded the publication of the above-mentioned guidelines (23). The results of our study raise concerns as to whether most psychiatrists or physicians in Japan properly prescribe valproate for childbearing-aged women, who must be cautioned with regard to its high teratogenic potential; and if they were asked adequate questions regarding their methods of contraception during treatment. Based on the findings of our previous study, we hypothesized that most psychiatrists and physicians do not pay close attention to the possibility of pregnancy, or the method of contraception, when they prescribe valproate for childbearing-aged women. We also hypothesized that psychiatrists who pay attention to patients' reproductive potential in their clinical practice only very cautiously consider prescribing valproate to bipolar women of childbearing age.

The aim of this study was to identify psychiatrists' patterns of prescribing valproate for bipolar female patients of childbearing age (in their late adolescent years and late forties), compared to those who are pregnant, in Japan. We also investigated the relationship between characteristics and reproduction-related interviews in the consultation of psychiatrists and their frequency of valproate prescription. To assess this, this study was performed through a questionnaire survey about psychiatric practices in major depression and bipolar disorders throughout the stages of a woman's life; this was conducted among psychiatrists in all prefectures in Japan from March to May 2018. This study also examined the frequency of prescription of other mood stabilizers [carbamazepine, lamotrigine, and lithium, which has teratogenic effects in humans and potentially causes cardiac malformations, such as Ebstein anomaly (24)], antipsychotics, and antidepressants in bipolar women of childbearing age and in pregnant women; we compared them with prescriptions for valproate.



Materials and Methods


Study Design and Participants

A cross-sectional study was conducted among psychiatrists who belong to the following associations: Association of Japan Psychiatric Clinics: Tokyo branch and Chiba branch, Association of Japan Psychiatric Hospitals: Ibaraki branch, Chiba branch, and Tokyo branch, JSGHP; Japanese Society of General Hospital Psychiatry in 2018.

A total of 1414 medical institutions (963 General hospitals, 343 mental clinics, and 108 psychiatric hospitals) were chosen from the list of cooperation associations and 4,816 questionnaires were mailed through the postal service between March and May 2018. There were 571 respondents (427 male, 123 female, and 21 unknowns; mean age = 45.9 years, SD = 10.8). Psychiatrists who did not see patients of childbearing age (18 to 49 years) were excluded. Of 571 respondents, 320 (56.0%) and 497 (87.0%) psychiatrists met the eligible criteria for evaluating the prescription pattern among female bipolar patients in late adolescence/young adulthood (ages 18–24 years) and in early or middle age, respectively. Of 571 respondents, 571 (100.0%) psychiatrists met the eligible criteria for evaluating the prescription pattern of female bipolar patients who were pregnant.

At the beginning of the questionnaire, we declared the objectives of the study and our commitment to confidentiality. Therefore, completing and mailing back the questionnaire were considered to reflect written informed consent regarding participation in this study. The questionnaire survey of this study was performed anonymously. The study's protocol was approved by the ethics committees of the Graduate School of Medicine and School of Medicine, Chiba University (20 November 2017).



Measures


Sociodemographic Characteristics and Prescription Patterns of Participants

The questionnaire was used to assess participating psychiatrists' backgrounds, attitudes toward patients, and prescribing behavior. Regarding psychiatrists' backgrounds, participants were asked about their demographic data, including sex, age, years of clinical experience, hospital facility, and the number of patients with depression and bipolar disorder they treat per month. Regarding attitudes toward patients, the psychiatrists rated how often they focused on problems specific to life stages when counseling their patients. The question was followed by four response options: “not at all,” “rarely,” “sometimes,” and “frequently.” In this study, we focused on measurements of psychiatrists' attitudes toward patients' fertility by asking how often psychiatrists inquire about the following: any menstrual disorder, whether patients wanted to bear children, methods of contraception, and feelings of rejection for medication during pregnancy and breast-feeding periods. In their prescribing behavior, psychiatrists were requested to indicate how often they prescribed 16 types of medicine, depending on the patients' life stages. The life cycle was divided into 7 stages depending on the age: ages 0–11 corresponded to childhood, ages 12–17 to pubescence, ages 18–24 to late adolescence/young adulthood, ages 25–49 to early middle age, ages 50–59 to late middle age, ages 65 and over to late adulthood, and the pregnancy period. The number of the questions was 326 in total, consisting of 35 questions on the psychiatrists' backgrounds including sociodemographic data, 67 on their attitudes toward patients, and 224 on prescribing behavior (Supplementary Material). In this study, we focused on childbearing age and the pregnancy period, and defined childbearing age as being from 18 to 49 years and considered it to correspond to late adolescence and early middle age stages.

The 16 types of drugs were of four categories: antidepressants, mood stabilizers, antipsychotics, and Kampo. A full list of the medications is as follows: antidepressants: selective serotonin reuptake inhibitors, serotonin and norepinephrine reuptake inhibitors, mirtazapine, tricyclic antidepressants, tetracyclic antidepressants. Mood stabilizer: lithium carbonate, sodium valproate, carbamazepine and lamotrigine. Antipsychotics: typical antipsychotic, atypical antipsychotic; risperidone, olanzapine, quetiapine, aripiprazole and others atypical antipsychotics. Kampo (herbal medicine).




Primary and Secondary Outcomes

The primary outcome was to identify the psychiatrists' patterns of prescribing valproate to female bipolar patients of childbearing age, compared to those who are pregnant, and the relationship between the psychiatrists' characteristics and reproduction-related interviews and patterns of valproate prescription. The secondary outcomes were to clarify the frequency of the prescription of other mood stabilizers (especially lithium), antipsychotics, and antidepressants in bipolar women of childbearing-age and in pregnant women.



Statistical Analysis

We first performed chi-squared (χ2) tests for categorized variables to analyze categorical data between the current and previous affiliations of psychiatrists (i.e., general hospitals or other medical facilities) and the frequency of prescription of valproate to female bipolar patients in late adolescence/young adulthood. Categorical data were compared using the χ2 tests followed by a residual analysis for multiple comparison (25). Additionally, we calculated the partial correlations, controlling for sex, between years of clinical experience, valproate prescription, and psychiatrists' attitude toward bipolar patients of childbearing-age and pregnant women. For all tests, a two-tailed p < 0.05 was considered statistically significant. All analyses were conducted using SPSS 22 (Arbuckle, 2013).




Results


Psychiatrists’ Trends for Prescribing Psychotropic Drugs for Female Bipolar Patients of Childbearing Age

A total of 320, 497, and 571 psychiatrists participated in the assessment of prescription trends for late adolescence/young adulthood, early middle age, and pregnant female patients with bipolar disorder, respectively. The participants' demographic characteristics are shown in Table 1.


Table 1 | Social and demographic characteristics of participants (N = 571).



In general, the psychotropic drug we chose was mostly prescribed to female bipolar patients of childbearing-age than to pregnant patients. Among female patients of childbearing age, early middle age patients received more psychotropic drug prescriptions than late adolescence/young adulthood patients, as shown in Table 2.


Table 2 | Row point questionnaire answers of drug prescription for bipolar female patients.



In the questionnaire, the psychiatrists' answers regarding the prescription of valproate to late adolescence/young adulthood female patients with bipolar disorder were the following: 23 psychiatrists responded not at all, n = 23 (7.5%); rarely, n = 69 (22.5%); sometimes, n =116 (37.8%); and frequently, n = 99 (32.2%). Regarding the prescription of valproate to childbearing-aged, older female patients with bipolar disorder the answers were the following: 13 psychiatrists responded not at all, n = 13 (2.7%); rarely, n = 67 (13.8%); sometimes, n = 185 (38.1%); and frequently, n = 220 (45.4%). On avoiding prescription of valproate to pregnant patients: 387 psychiatrists responded “not at all” (75.3%) while 126 responded “rarely”, “sometimes”, and “frequently” (24.7%).

Regarding the prescription of lithium to late adolescence/young adulthood patients with bipolar disorder, 15 psychiatrists responded not at all, n = 15 (5.8%); rarely, n = 54 (17.5%); sometimes, n =125 (40.6%); and frequently, n = 111 (36.2%). Regarding the prescription of lithium for childbearing-aged, older female patients; 7 psychiatrists responded not at all, n = 7 (1.4%); rarely, n = 42 (8.7%); sometimes, n = 181 (37.3%); and frequently, n = 255 (52.6%). Regarding lithium prescription to pregnant patients: 382 psychiatrists responded “not at all” (74.0%), while 134 responded “rarely,” “sometimes,” and “frequently” (26.0%).

In addition, regarding the prescription patterns of other medications, including other mood stabilizers (lamotrigine, carbamazepine) and antipsychotics for pregnant women, more than half (55.6%) the psychiatrists responded, “not at all” or “rarely” (Table 2).



Affiliation of Psychiatrists and Prescription of Valproate for Female Bipolar Patients in Late Adolescence/Young Adulthood

The χ2-test showed that there were significant differences in the current affiliation of psychiatrists and valproate prescriptions to female bipolar patients in late adolescence/young adulthood, as shown in Table 3 [χ2(3) = 18.2, p < 0.001]. The Haberman-type residual analysis showed that psychiatrists working for general hospitals reported that they prescribed valproate less frequently (with either “Not at all” or “Rarely” in the questionnaire) than that of psychiatrists working for other medical facilities and hospitals. Additionally, the psychiatrists working for general hospitals answered “frequently,” regarding valproate prescription, were associated with significantly negative standardized residuals, which was less than psychiatrists working for other medical facilities or hospitals. However, in their previous affiliations, there were no differences between general hospitals and other medical facilities in terms of valproate prescriptions.


Table 3 | Affiliation of psychiatrist and valproate prescription for female bipolar patients in late adolescence/young adulthood (18-24 years).





Partial Correlation Between Valproate Prescribing Action and Psychiatrists’ Backgrounds

We calculated the partial correlations, controlling for sex, between years of clinical experience, valproate prescription, and psychiatrists' attitude toward bipolar patients of childbearing age and in pregnancy (Table 4). The psychiatrists' years of experience was found to be positively and significantly correlated with a valproate prescription in late adolescence/young adulthood (18-24 years) (r = 0.13, p < 0.05). Conversely, in childbearing-aged, older adults (25–49 years) and pregnant women, there is no relationship between the two variables. There is no relationship between the contents of reproduction-related medical interviews and valproate prescriptions in childbearing age or pregnancy. In addition, there were no relationships between reproduction-related medical interviews and prescriptions of other psychotropics in childbearing age or pregnancy.


Table 4 | Partial correlation between valproate prescription and psychiatrists' attitude toward bipolar patients in childbearing age and pregnancy.






Discussion

In this study, three important findings about psychiatrists' prescription patterns of valproate for female bipolar patients of childbearing age in Japan deserve to be mentioned. First, this study demonstrates that 70% of psychiatrists responding to the questionnaire sheet answered that they frequently or occasionally prescribed valproate for women of childbearing age in Japan, although most answered that they did not prescribe for women who were pregnant. Specifically, 32% of psychiatrists answered that they frequently prescribed valproate for women aged 18 to 24 years, and 38% occasionally prescribed it for same-aged women. Thirty percent of psychiatrists answered they rarely prescribed valproate, or that they did not at all prescribe it. Second, psychiatrists affiliated with general hospitals answered that they tended to refrain from prescribing valproate for childbearing-aged women compared to those affiliated with other medical facilities such as psychiatric hospitals or private clinics. Third, the frequencies of reproduction-related medical interviews were not correlated with the tendency to prescribe valproate to women of childbearing age, although years of psychiatric experience was positively correlated with this.

This questionnaire study conducted from March to May 2018 reveals the possibility that more than half of psychiatrists frequently or occasionally prescribed valproate for women of childbearing age in Japan. This finding is consistent with our previous study investigating the frequently prescribed tablets for childbearing-aged outpatients in Japan (23). On April 6, 2017, in reference to pharmacological treatments of women in the perinatal period, the Japanese Society of Perinatal Mental Health published the Perinatal Mental Health Consensus Guide 2017 on the website (http://pmhguideline.com/, in Japanese only); stating that valproate should not be prescribed to women of childbearing age. However, the society is small due to the small number of psychiatrists. Additionally, there were only 20 regular members at that time, and midwives constituted a large proportion of the regular members of the society (over 100 people). In other countries, such as Finland (26), Ireland (27), and Germany (28), valproate prescription has slightly declined, although the data from these studies are not limited to pharmacological treatments of bipolar disorder. In the UK, at the same time as the last updated NICE 192 guideline, the Medicines and Healthcare Products Regulatory Agency in April 2018, stated that valproate use would be rigidly regulated and that valproate treatment must not be used for women, including prepubertal young girls, unless alternative medications are not suitable or when the women are part of a pregnancy prevention program (29). Considering that fetal exposure to valproate in the first trimester must be avoided and that approximately 40% of pregnancies are unplanned or unintended (30), psychiatrists and physicians should not, in principle, prescribe valproate to girls and childbearing-aged women with bipolar disorder. Furthermore, since changes in valproate prescription patterns among these countries may be slow, societies, associations, and related guidelines that directly influence psychiatrists or physicians are expected to clearly share warnings about the dangers of valproate prescriptions to girls and childbearing-aged women with bipolar disorder in Japan and other countries. Additionally, the Japanese authorized societies or licensing agencies should issue warnings about teratogenic risks of valproate prescription not only for pregnant women but also childbearing-aged women.

In this study, psychiatrists working at general hospitals answered that they refrained from prescribing valproate to childbearing-aged women compared to those affiliated with other medical facilities, such as psychiatric hospitals and private clinics. There are two main possible interpretations of this result. Freudenreich and Kontos report that consultation-liaison psychiatrists have better opportunities and situations for learning other medical specialties through their interdisciplinary collaborative work (31). This may make sense because psychiatrists working at general hospitals, compared to other institutions, have better chances and experience in consulting for pregnant women with psychiatric diseases at their hospitals, which either have a birth center or obstetricians working in them. There are other reasons why psychiatric diseases and symptomatic and social severities of patients are different across general hospitals and other institutes. For instance, in/outpatients being treated by psychiatrists in psychiatric hospitals may have more severe symptomatology, impaired social ability due to long-term hospitalization, and compromised cognitive performance, including intellectual disability, than those in general hospitals. Therefore, it is difficult for such patients to become pregnant; hence, psychiatrists prescribe valproate to them. However, in the real-world, women with severe mental illness such as schizophrenia and autism are fertile, do get pregnant, and have newborns (32). Therefore, the societies and associations that largely influence psychiatrists, regardless of the type of medical institute, should provide warnings about valproate prescription for girls and women of childbearing age.

In addition, the frequencies of reproduction-related medical interviews were not correlated with the tendency to prescribe valproate to women of childbearing age, although years of psychiatric experience was positively correlated with this. These results were unexpected because our hypothesis was that psychiatrists who usually paid attention to future conceptions in their consultations of childbearing-age women would often not have prescribed valproate to these women. The interpretation of this result was that there may be two groups of psychiatrists regarding pregnancy; (1) those who refrained from prescribing valproate to childbearing-aged women, and (2) the other ones who prescribed it with caution. It is difficult to interpret the positive correlation between years of psychiatric experience and the tendency to prescribe valproate to childbearing-age women. This result is limited because of the lack of surveillance about real-world childbearing-aged women prescription of valproate, and the lack of assessment of each psychiatrist's valproate prescription dosage. Therefore, senior psychiatrists with enough clinical experience may have the opportunity to examine childbearing-aged women with more refractory bipolar disorder than junior ones. Further studies are needed to clarify this.

Regarding other psychotropics, especially lithium and carbamazepine prescriptions, the NICE 192 guideline cautions against use on girls and childbearing-aged women (20); however, the frequencies of lithium prescriptions were similar to those of valproate. Approximately 77% of responding psychiatrists answered that they frequently or sometimes prescribed lithium to bipolar women of childbearing age in Japan, and carbamazepine was not as frequently prescribed. These findings are consistent with our previous study (23). Fetal exposure to lithium in the first trimester is associated with increased risk of cardiac malformations (24). According to the NICE guideline, unless lithium is recommended to women planning pregnancies who do not clinically respond to other antipsychotics or mood stabilizers, but do respond to lithium, it should be avoided in the first trimester (20). Consequently, although the adverse effects of lithium use on the fetus are known to be dose-dependent, the present finding demonstrates that many psychiatrists tend to easily prescribe lithium to childbearing-aged women with bipolar disorder in Japan. Therefore, psychiatrists should be more careful when continuously prescribing lithium to girls and women of childbearing age.

Additionally, the present study shows that most psychiatrists are rather reluctant to prescribe medications including lamotrigine and some atypical antipsychotics with efficacy and/or relative safety in the treatment and prevention of mood episodes in pregnant women with bipolar disorder in Japan. Among major mental disorders, bipolar disorder is the highest risk group with regard to relapse and readmission during the postpartum period (33). Wesseloo et al.'s meta-analysis demonstrates that the postpartum relapse rates of bipolar women who were medication free during pregnancy (medication free during pregnancy: 66%, 95% CI, 57 to 75) were significantly higher than that of those who used prophylactic medication (using prophylactic medication: 23%, 95% CI, 14 to 37) (34). Considering that the psychiatrists who sometimes or frequently prescribe medications for bipolar female patients during the pregnancy were a minority, the present findings show the existence of evidence-practice gap in pharmacological treatment of pregnant women with bipolar disorder. Psychiatrists should provide more information on the potential risks and benefits of medication treatments of bipolar disorder, and implement a shared decision-making process with bipolar women of childbearing age before pregnancy.

We acknowledge that there are several limitations to this study. First, we were unable to measure the real-world valproate prescriptions (including the dosage) of the responding psychiatrists. Given that some female patients with bipolar disorder who consulted their responding psychiatrist were expected to have various comorbidities, intellectual disabilities, and complications (including epilepsy, early menopause, and bilateral ovarian ablation), valproate prescription may be adequate for them if prescribed with caution. Second, the response rate of 11.8% was low, although 571 psychiatrists responded to this questionnaire in Japan. The biggest possible reason for the low response rate in this survey was the large amount of questions in the questionnaire (326 items in total) since it was developed to investigate overall psychiatric practices in major depression and bipolar disorder throughout the stages of the women's lives. Hence, it was likely that lots of questions caused difficulties for almost 90% candidates to complete the questionnaire sheet. Third, the items about reproduction-related medical interviews were relatively scarce in the questionnaire; hence, this may have influenced the correlations between the answers and frequencies of valproate prescriptions.



Conclusion

This study demonstrates that most psychiatrists frequently or occasionally prescribed valproate for women of childbearing age in Japan, although almost all answered they did not prescribe valproate to pregnant women. Specifically, 70% of psychiatrists answered that they frequently or sometimes prescribed valproate for women aged 18 to 24 years. Considering that fetal exposure to valproate in the first trimester must be avoided, and that many pregnancies are unplanned or unintended, psychiatrists should not prescribe valproate to girls and women of childbearing age with bipolar disorder.
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Introduction

Bipolar disorder (BD) is characterized by recurrent episodes of depression and mania and affects up to 2% of the population worldwide. Patients suffering from bipolar disorder have a reduced life expectancy of up to 10 years. The increased mortality might be due to a higher rate of somatic diseases, especially cardiovascular diseases. There is however also evidence for an increased rate of diabetes mellitus in BD, but the reported prevalence rates vary by large.



Material and Methods

85 bipolar disorder patients were recruited in the framework of the BiDi study (Prevalence and clinical features of patients with Bipolar Disorder at High Risk for Type 2 Diabetes (T2D), at prediabetic state and with manifest T2D) in Dresden and Würzburg. T2D and prediabetes were diagnosed measuring HBA1c and an oral glucose tolerance test (oGTT), which at present is the gold standard in diagnosing T2D. The BD sample was compared to an age-, sex- and BMI-matched control population (n = 850) from the Study of Health in Pomerania cohort (SHIP Trend Cohort).



Results

Patients suffering from BD had a T2D prevalence of 7%, which was not significantly different from the control group (6%). Fasting glucose and impaired glucose tolerance were, contrary to our hypothesis, more often pathological in controls than in BD patients. Nondiabetic and diabetic bipolar patients significantly differed in age, BMI, number of depressive episodes, and disease duration.



Discussion

When controlled for BMI, in our study there was no significantly increased rate of T2D in BD. We thus suggest that overweight and obesity might be mediating the association between BD and diabetes. Underlying causes could be shared risk genes, medication effects, and lifestyle factors associated with depressive episodes. As the latter two can be modified, attention should be paid to weight changes in BD by monitoring and taking adequate measures to prevent the alarming loss of life years in BD patients.





Keywords: bipolar disorder, diabetes mellitus, prediabetes, affective disorders, metabolic syndrome, glucose metabolism, obesity, body mass index



Introduction 

Bipolar disorder (BD) is characterized by recurrent episodes of depression and mania and affects up to 2% of the population worldwide. Patients suffering from BD have a reduced life expectancy of 10 years. The increased mortality, besides mortality caused by suicides, might be due to a higher rate of somatic diseases, especially cardiovascular diseases (1–7). There is also evidence that bipolar patients might have a higher risk for developing diabetes mellitus type II (T2D) (8). However, it remains unclear if the higher rates of somatic diseases and especially diabetes mellitus are caused by psychotropic medication, an unhealthier lifestyle, genetic risk factors, inflammatory mechanisms or shared pathophysiological mechanisms, or a combination of those factors. Additionally, the reported prevalence rates of T2D in BD vary from 6.7 to 26% in different populations (9–12).

Results from epidemiological studies estimate that the risk for T2D in bipolar patients is about threefold increased in comparison to nonpsychiatric populations (13). Conversely, in cohorts of diabetic patients higher comorbidity with psychiatric and especially affective disorders can be found (14). One factor conveying the risk of T2D in BD might be psychotropic medication, especially second generation antipsychotics (15–17). But also lithium and valproic acid are known to induce weight gain and by this could lead to dysregulation in glucose metabolism (18, 19).

However, dysregulation in glucose metabolism in BD patients has been described before the use of second generation antipsychotic medication as well as in drug-naïve patients (20). Therefore, other factors might also play a role, such as shared heritability due to shared risk gene variants. However, in a Japanese sample no association of risk genes of T2D with BD could be detected (21, 22) which was later confirmed in the largest GWAS to date. Notably however, there was a nominally significant correlation of bipolar disorder with body mass index, and in pathway analyses, genes involved in insulin secretion were enriched (23). A recent cohort study investigating 10,863 Danish men reported also an increased rate of T2D in patients with severe mental illness, which however was more pronounced in schizophrenia patients (HR = 1.92; 95%CI, 1.61–2.30). A Swedish study found a much stronger risk increase of cardiovascular disease in patients with schizophrenia and BD as compared to T2D risk (24). In an Amish family study, a positive genetic correlation of BD and T2D was found; however, this was a very distinct population so it is not clear whether this holds true to broader population samples (25).

Regarding environmental risk contributing to T2D in BD, several studies report an unhealthy life style in patients including physical inactivity especially in depressive phases (26, 27), higher alcohol and illegal substance consumption, nicotine dependence and greater intake of unhealthy food (28–31), and increased rates of psychological trauma/maltreatment in childhood (32, 33). Additionally, several endocrine and metabolic pathways could be playing a role in conveying a greater risk of T2D in BD, such as dysregulation of different neuropeptides (for example leptin, ghrelin, and adiponectin) and disturbances in the hypothalamus–pituitary–adrenal gland axis (34, 35). Furthermore, inflammatory and immune processes have been suggested to play a pathophysiological role in T2D as well as BD (34). In an own previous study, we could find hints for an increased prevalence of T2D in bipolar patients; however, we did not include a BMI-, sex- and age-matched control population (36). As there are inconsistent results regarding the prevalence of T2D and BD and the causal mechanisms are still unclear, we here investigated the prevalence of T2D and prediabetes in BD patients in comparison to an age-, sex- and BMI-matched control sample from the general population (37).



Material and Methods


Participants


Patients

Bipolar disorder patients were recruited in the framework of the BiDi study (Prevalence and clinical features of patients with Bipolar Disorder at High Risk for Type 2 Diabetes (T2D), at prediabetic state and with manifest T2D). This study was a cross-sectional study which was conducted as a collaborative study of the Department of Psychiatry and Psychosomatic Medicine of the University Hospital of Dresden and the Department of Psychiatry, Psychosomatic Medicine and Psychotherapy of the University Hospital of Würzburg. Patients were recruited from the specialized bipolar clinics in Dresden and Würzburg between November 2009 and February 2012 and were mainly outpatients. All participants were diagnosed with a bipolar disorder using ICD-10 criteria from two independent specialists (SKS/AR and SH/KL). Inclusion criteria were age >= 18 years, being euthymic for 2 months [measured by Montgomery–Åsberg Depression Rating Scale (MADRS), Young Mania Rating Scale (YMRS), and Clinical Global Impression Scale Bipolar Disorder (CGI-BP S)]. Only euthymic patients were included, which was operationalized as a score ≤ 12 in the MADRS, ≤5 in the YMRS, and ≤2 in the CGI-BP Score. Medication had to be stable for at least 2 months. Exclusion criteria were organic affective disorder, acute or severe medical conditions (like acute and chronic infections, digestive diseases, carcinomas), pregnant and lactating women.

Diabetes mellitus type II (T2D) was diagnosed using the criteria of the American Diabetes Association (ADA) (38) for T2D which are:

	- HbA1c ≥ 6.5%


	- or fasting glucose ≥ 126 mg/dl (7.0 mmol/L)


	- or 2 h plasma glucose ≥ 200 mg/dl (11.1 mmol/L) in the oral glucose tolerance test (oGTT)


	- or glucose level at a random time point ≥ 200 mg/dl (11.1 mmol/l) and other symptoms of a diabetes mellitus




Prediabetes was also diagnosed following the criteria of the American Diabetes Association (ADA) (38) which are:

	- Impaired fasting glucose (IFG): 100–125 mg/dl (5.6–6.9 mmol/L)


	- Impaired 2 h plasma glucose (IGT) in the oGTT: 140–199 mg/dl (7.8–11.0 mmol/L)


	- HbA1c values between 5.7 and 6. 4%




Only study participants who gave written informed consent were enrolled in the study, which complied with the latest Declaration of Helsinki and was approved by the Ethics Committees of the Universities of Würzburg and Dresden.



Healthy Comparison Group: Study of Health in Pomerania

As a mentally healthy comparison group, data from the Study of Health in Pomerania (SHIP study) were used (37, 39, 40). SHIP is a general population cohort study in Northeastern Germany that includes two independent cohorts. The baseline assessment of the first cohort (SHIP-0) was conducted between 1997 and 2001; 4,308 adults were included. Follow-up assessments were conducted between 2002 and 2006 (SHIP-1) and from 2007 to 2012 (SHIP-2). In parallel to the SHIP-2 recruitments, a second, independent cohort was selected in 2008 with 8,016 adults (SHIP-Trend). From this cohort, 4,420 adults were recruited for the basic assessment between 2008 and 2012. Inclusion criteria were age between 20 and 79, German nationality, and living in the Northeastern region. SHIP is an epidemiological study and had the primary aim to investigate the prevalence and incidence of population relevant diseases and risk factors for those diseases. By the comparison of two cross-sectional studies, (SHIP-0 and SHIP-Trend), prevalence trends of risk factors and diseases in Northeastern Germany were evaluated. To diagnose a diabetes mellitus, in the SHIP Trend cohort the oGTT was conducted [182]. From the SHIP Trend cohort, an age-, sex-, and BMI-matched sample consisting of 850 patients was selected.




Demographic and Phenotypic Data

Ethnical information, marriage status, psychosocial situation, age, and number of children were assessed in the bipolar group. Additionally, age of onset, polarity of first episode, number of episodes, rapid cycling, suicide attempts, and number of hospitalizations were recorded. Furthermore, current medication was assessed as well as information about alcohol and illegal drug use. Weight and height BMI and waist–hip ratio as well as blood pressure were measured. The demographic and phenotypic data are displayed in Tables 1–6. 27% (n = 23) of the bipolar patients fulfilled the NCEP ATP III criteria of a metabolic syndrome (MetS) (Table 5).


Table 1 | Demographic data.




Table 2 | Clinical phenotype bipolar patients.




Table 3 | Anthropometric data.




Table 4 | T2D and pre-diabetes in bipolar patients and controls.




Table 5 | Glucose and lipid metabolism data.




Table 6 | Comparison (pre-)diabetic and diabetic bipolar patients.





Oral Glucose Tolerance Test

The oral glucose tolerance test (oGTT) is a standardized test and validated diagnostic instrument in the clinical routine to verify the diagnosis of a diabetes mellitus and an impaired glucose tolerance (IGT) (38). The test was conducted following the WHO guidelines (38). Three days before the test, the patients refrained from their usual diet. 10 h before the test patients fasted (including food, alcohol, coffee, and increased activity). The oGTT was conducted between 8 and 11 am, and the patients did not take their medication directly before the test. The oGTT was not conducted three days before, during or 3 days after the menstrual bleeding. Venous blood was taken, and plasma glucose, insulin, and lipid levels were measured at fasting baseline. After that the patients ingested 75 g glucose dissolved in 300 ml water (Roche Dextro OGT, Basel, Switzerland). They were instructed to drink it in 5 min. After 120 min venous blood was drawn for the second time. Glucose was measured from the venous plasma collected in a fluoride tube which inhibits glycolysis. HBA1c was measured from blood collected in an EDTA tube, and lipids were measured from blood in serum tubes (total cholesterol, high-density cholesterol, low-density cholesterol, triglycerides). The analyses were conducted in the central clinical routine laboratories of the University Hospitals of Dresden and Würzburg.



Questionnaires


SF-12

The patients were evaluated regarding their health-related quality of life by using the SF-12 questionnaire. This is a short form of the SF-36-health questionnaire and includes eight dimensions (body functioning, bodily role function, pain, general assessment of health, vitality, social functioning, emotional role function, mental well-being) to measure the cross-disorder health-related quality of life during the past 4 weeks (41).



WHO-5

WHO-5 is a questionnaire for evaluating well-being. There are five questions that cover the dimensions mood, vitality and general interest during the past 2 weeks. A Likert scale is used from 0 (= never) to 5 (= always) and a sum score can be calculated with values between 0 and 25 (42). The WHO-5-questionnaire is recommended as a screening instrument for depression for example in patients with T1D and T2D (43).



Finnish Diabetes Risk Score Questionnaire

The Finnish Diabetes Risk Score Questionnaire (FINDRISC) was developed as a risk assessment to effectively prevent T2D in Finland (44). To use this instrument in Germany, a modified version (due to different life styles and eating habits) was developed (FINDRISK). Age, family history of diabetes mellitus, waist circumference, activity level, eating habits, arterial hypertension, increased blood glucose levels in the past, and body mass index are assessed. The sum score is 0 to 26 (45).



Montgomery–Åsberg Depression Rating Scale (MADRS)

The MADRS is a structured interview for the quantitative assessment of depressive symptoms severity. The maximum sum score is 60. It can be conducted evaluating the last 24 h or the last week (46).



Young Mania Rating Scale

The YMRS is a structured interview for the quantitative assessment of manic symptom severity during the last 48 h (47).



Clinical Global Impressions Scale for Bipolar Disorder

The CGI-BP is a scale to assess the clinical severity in bipolar affective disorder. The scale combines separate items for mania, depression and global impression of the bipolar patient. The severity of the disorder can be scored from 1 (not ill) to 7 (severely ill) (48).



Statistical Analysis

Prevalence of T2D and prediabetes in the SHIP-Trend- and BiDi-samples as well as the results of the questionnaires and anthropometric measurements were assessed by descriptive statistics using SPSS (IBM® SPSS® Statistics 20). Data were tested for normal distribution and differences between groups were tested by χ²-test and t-test. Furthermore, we investigated the correlation of metabolic parameters with the number of disease episode in the bipolar patients by Pearson’s correlation test. Additionally, as a secondary analysis, a multivariate analysis was calculated to investigate differences in the multiple variates between the nondiabetic and (pre-)diabetic bipolar groups (MANOVA). The level of significance was set at p =< 0.05.





Results


Prevalence of Diabetes Mellitus Type II and Prediabetes in Patients Suffering From BD vs. General Population

We diagnosed T2D and prediabetes by using the oGTT results and the HbA1c-value (according to ADA-criteria) (38). In the patient sample, 7% of the patients fulfilled the diagnostic criteria of T2D. In two of those cases, T2D had already been diagnosed before. In the SHIP Trend control cohort, 6% of the control participants fulfilled the diagnostic criteria of T2D. The difference in T2D prevalence between BiDi and SHIP-Trend control group was not statistically significant (χ2 = 0.064, p = 0.8) (Table 4, Figures 1A, B).




Figure 1 | (A, B) T2D and prediabetes rates in bipolar patients and controls.



Prediabetes could be diagnosed in 33% of the bipolar patients vs. 44% of the controls. In 18% of the prediabetic bipolar patients, impaired glucose tolerance (IGT) could be determined vs. 29% of the controls. 29% of the bipolar prediabetic patients had an impaired fasting glucose (IFG) vs. 80% of the prediabetic controls. 64% of the prediabetic bipolar patients showed an HbA1c value in the prediabetic range vs. 28% of the prediabetic controls. In 14% of the control individuals, IFG and IGT occurred simultaneously. 10% of the control participants had an increased HbA1c and IFG, whereas 2% had an increased HbA1c value and IGT. In 5% of the control population, all parameters were in the prediabetic range. Furthermore, IGT and an increased HbA1c value were found in7% of the control participants. 4% had IFG and an increased HbA1c value (Table 4, Figures 1A, B). None of the participants showed both IGT and IFG. Prediabetes was significantly more common in the control group in comparison to the bipolar sample (χ2 = 4.106, p = 0.043).

Comparison of the fasting glucose levels of both groups showed that BD patients had significantly lower glucose levels than control participants [t(933) = 6.395, p = <0.001, see Table 5]. Additionally, blood glucose levels after 120 min in the oGTT were significantly lower in BD patients than in control participants [t(931) = 4.056, p = <0.001, see Table 5]. However, HbA1c values of the bipolar sample were significantly higher in comparison to the SHIP Trend control population [t(933) = −3.234, p = <0.001).

Here, the rates of diabetes mellitus type II (T2D) and prediabetic conditions (IGT, impaired glucose tolerance; IFG, impaired fasting glucose) as well as HbA1c values are displayed in a Venn diagram for the bipolar sample (BiDi) and the age-, sex- and BMI-matched sample from the general population (SHIP).



Comparison of the Prediabetic/Diabetic BD Patients vs. Nondiabetic Bipolar Patients

To investigate the risk factors for diabetes in the sample of bipolar patients, we compared the prediabetic and diabetic bipolar patients with the nondiabetic bipolar patients. The prediabetic/diabetic bipolar patients were significantly older and had a significantly longer disease duration, had a significantly higher BMI and waist circumference in comparison to the nondiabetic bipolar patients (Table 5). Furthermore, they have had suffered from a higher number of depressive episodes and had significantly higher scores in the FINDRISK. The other variables were not significantly different between the groups (Table 6). Additionally, there was no significant difference in the medication between the diabetic and nondiabetic bipolar groups (lithium carbonate: χ² = 1,430, p = 0.232; valproate: χ² = 2.452, p = 0.117; quetiapine: χ² = 0.859, p = 0.354). There was also no difference in the distribution between patients taking olanzapine and clozapine as drugs with a potential high metabolic risk and patients taking aripiprazole as a drug with a potential protective effect against diabetes between the nondiabetic and the (pre-)diabetic group (χ² = 1,122, p = 0.571). Furthermore, there was a significant positive correlation between the blood glucose levels, HbA1c and BMI, and the number of depressive episodes, but not manic or mixed episodes (see Table 7). We additionally conducted a multivariate analysis (MANOVA) to investigate group differences between the nondiabetic and the (pre-)diabetic group. We were taking age, BMI, disease duration, and number of depressive episodes into account as covariates. All those variates (age, BMI, number of episodes, disease duration) remained significantly different between the bipolar groups in the multivariate analysis (p = 0.006 and between subject effects were for age p = 0.013, for BMI p = 0.009, for depressive episodes p = 0.004 and for disease duration p = 0.016, respectively).


Table 7 | Correlation of metabolic parameters with disorder severity.






Discussion

In our study, we could not find an increased rate of T2D in bipolar patients in comparison to age-, sex- and BMI-matched controls. These findings are in contrast to previous studies reporting increased prevalence of T2D in bipolar patients (9–12). When we restricted the analysis of our data to nonmatched controls and used the older (2006) instead of the newer ADA-criteria (49), our previously published report also suggested an increased rate of diabetes and prediabetes in BD in line with previous studies (36). However, when comparing the parameters directly to an age-, sex- and BMI-matched matched control population, we could no longer find any difference in T2D rates and even lower rates of prediabetes and lower levels of fasting glucose as well as oGTT values in BD. Only the HbA1c values were significantly higher in our bipolar sample compared to the SHIP-Trend general population sample although the effect size was rather small (Cohen’s d = 0.037).

Our main finding, i.e. that the rate of T2D in BD is not increased, in comparison to a general population sample might well be due to the fact that we used age-, sex- and BMI-matched controls. Obesity is a major risk factor for T2D (50) and is also positively associated with BD (OR = 1.77, 95% CI: 1.40–2.23; Q = 44.62, P < 0.001) (51, 52). Therefore, we speculate that the increased risk for T2D in other studies might be a consequence of significantly increased rates of obesity in the BD compared to the general population. In comparison with another German general population study [Studie zur Gesundheit Erwachsener in Deutschland (DEGS1, 2008–2011)] our BiDi group with a mean BMI of 29.15 had a significantly higher BMI as the age-stratified controls (53). In the DEGS1 cohort, 67% of the men and 53% of the females in the same age range as our BiDi sample had a BMI >= 25. In our BiDi sample, 78% of the participants had a BMI > 25. Taken together, we propose that overweight and obesity might be the mediating factors between BD and T2D, and that the risk for T2D in BD in comparison to the general population may not be increased in BD as such but rather the risk towards obesity. A previous Italian study and a follow-up study could also show that abdominal obesity as a major factor of the metabolic syndrome was associated with a higher rate of T2D in bipolar patients (54, 55). The higher rate of obesity can be due to either lifestyle factors (food pattern, sedentary lifestyle), medication influence (especially second-generation antipsychotics such as olanzapine and quetiapine) (56) as well as shared risk genes for BD and BMI (57). However, as a limiting factor in our study, we did not include other factors that, especially in men, have shown to increase the risk of T2D like smoking and arterial hypertension (58, 59). In our sample, there was however no significant difference between the types of mood stabilizing medication in the diabetic vs. the nondiabetic group. But then, also valproate and lithium can lead to weight gain and not only atypical antipsychotics (19, 60). Also, our sample size in the medication subgroups was too small to make definite conclusions hereon. Interestingly, in a multivariate analysis comparing the nondiabetic and (pre-)diabetic bipolar groups, disease duration and number of depressive episodes, as well as BMI and age, remained statistically significant between the groups. Furthermore, metabolic parameters were significantly correlated with the number of depressed episodes. There are previous studies that suggest that comorbid insulin resistance, diabetes mellitus type II, and an increased BMI might lead to a more severe course in bipolar patients (61–63). From our data, we might conclude that increased BMI is the major contributor to an increased risk for T2D in BD in comparison to the general population; however, disease duration and depressive polarity might add to the risk of developing T2D in BD patients. However, as our study was a cross-sectional and not a longitudinal study, we cannot confirm the direction of the association of impaired metabolic parameters and a more severe course. Diagnosing and monitoring of overweight and prediabetes and T2DM in BD are furthermore of importance as there is growing evidence that impaired glucose metabolism and T2D might lead to worse response to treatment with mood stabilizers (64).

As being overweight is a modifiable risk state, special emphasis should be paid to lifestyle modification in BD patients to avoid detrimental general health outcomes including T2D. Unhealthy lifestyle that increases the risk of obesity seems more to be an issue of depressive episodes than manic episodes supposedly due to lack of activity and unhealthy eating patterns. However, as we did not assess information about activity and diet in association with mood episodes, we only can speculate about this. In a pilot study investigating the effectiveness of lifestyle interventions to reduce glucometabolic risks in BD, there were positive preliminary results (65). Several associations and societies recommend metabolic monitoring in patients taking second-generation antipsychotic drugs; however this is not yet implemented fully in clinical routine (38, 66). We here strongly recommend routing monitoring of at least noninvasive anthropometric measures such as BMI and WHR to detect weight increase early on and to take appropriate measures.

Several previous studies have pointed towards an increased prevalence of T2D in BD. For example, Cassidy and colleagues reported a prevalence of T2D in bipolar patients of 9.9% which was significantly higher than the 3.4% diabetes mellitus rate in the control population in their study (12). Lilliker et al. described that 10% of BD patients suffer from diabetes as compared to 2% in their non-bipolar sample (9). Regenold et al. found the T2D prevalence as high as 26% in bipolar-I patients, compared to 13% in the control population (11). In a Belgium sample, diabetes was prevalent in 6.7% of the bipolar group which was twice as often as in the age-matched control group (10). The main reason for the wide range of prevalence rates in bipolar sample between 6.7%, which is similar to our sample, and 26% most likely lies in the different mean age of the various samples. Age is a validated risk factor of T2D, the higher the age, the higher the prevalence of T2D, especially from the age of 50 years on (67). The lowest prevalence rates were accordingly found in the samples with lower mean age, as it was the case in our sample with 7% T2D prevalence with a mean age of 44.7 years. The bipolar sample from Belgium with a 6.7% T2D included bipolar patients with a mean age of 42.1 years, and the sample of Cassidy et al., with a prevalence of 9.9%, had a mean age of 45.3 years (10, 12). In line with this, patients suffering from both BD and T2D in our sample also were significantly older than the nondiabetic bipolar patients. Another reason for differing T2D prevalence might be due to diagnostic and assessment procedures. The majority of studies used information based on the hospital medical records (9, 11, 12), only van Winkel and colleagues validated the diagnosis by using the oGTT, as done in our study (10). Due to the large number of undiagnosed T2D cases in the general population, prevalence rates that only rely on self-report or medical records might be too low. The Kora F4 Survey showed a prevalence of previously undiagnosed T2D of 2.0% in addition to the already known T2D of 2.2% in the general population aged between 35 and 59 years using the oGTT (68). Also other studies estimate about 50% existing but undiagnosed T2D cases in the general population worldwide (69).

Another notable difference between our and the other studies is that we enrolled only euthymic patients. In contrast to Regenold et al., van Winkel et al., and Lilliker et al., we only included patients who were euthymic and on stable medication for at least 2 months, as the metabolic status might be influenced in acute episodes.

A systematic review and meta-analysis investigating the prevalence of diabetes mellitus in BD, schizophrenia, and major depression reported a mean T2D prevalence of 9.4% in BD (70). In comparison to age- and sex-adjusted control population, this was a relative risk of 1.89 in patients with BD (n = 54,688; 95% confidence interval: 1.29–2.77, p < 0.001). The authors of this review came to the conclusion that there were also quite large geographical differences in T2D prevalence in the general population which need to be taken into account when comparing bipolar patients and the general population (70). In our sample, there were controls mainly from the northeastern part of Germany compared to a mainly southern sample of bipolar patients. However, the diabetes mellitus prevalence between north and south of Germany has shown to be very similar in the recent years (71).

In conclusion, we could not find an increased prevalence of prediabetes and T2D in BD when an age-, sex- and BMI-matched control sample is used in comparison. Comparing diabetic and nondiabetic bipolar patients, we could identify disease duration and more depressive episodes as potential risk factors for developing T2D or potentially strengthen previous findings of comorbid (pre-)diabetes mellitus as risk factor for a more severe course of the disorder. The direction of interaction we could not determine due to the cross-sectional character of our study. The FINDRISK score was significantly higher in the prediabetic and T2D bipolar patients which strengthens the validity for a screening tool also in patient populations. We hypothesize that obesity might be mediating the previously reported increased T2DM prevalence in BD in comparison to the general population, and medication side effects might contribute to this as well as a longer duration of the disorder and depressive polarity. However, due to the small number of patients in the subgroups, we could not determine differential effects of the different mood stabilizing drugs. Adequate weight and metabolic monitoring and intervention may lead to improved outcomes in this patient group, which is especially important given the reduced life expectancy of patients with BD due to somatic disorders (7).
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Background

There are different ways to define stabilization and currently, the main standpoint regards it as no-depression/no-mania. Furthermore, each person is physiologically different from childhood to adulthood, and in old age, thus the meaning of stabilization should take into account both growth and maturity. We aimed to review systematically studies focusing on mood stabilization in all phases of bipolar disorder (BD) and across all life phases, including pregnancy and the perinatal period, which is still a different phase in women's life cycles.



Methods

We carried out a PubMed search focusing on studies of bipolar disorder treated with drugs and aimed at stabilization with the following search strategy stabiliz*[ti] OR stabilis*[ti] OR stable[ti] OR stability[ti]) AND mood[ti] AND bipolar. In conducting our review, we followed the PRISMA statement. Agreement on inclusion was reached by consensus of all authors through a Delphi rounds procedure.



Results

The above search strategy produced 509 records on January 25, 2020. Of them, 58 fitted our inclusion criteria and were discussed. The eligible studies spanned from September 1983 to July 6, 2019.



Conclusions

No clear-cut indications could be drawn due to a number of limitations involving sample inconsistency and different methods of assessing mood stabilization. The evidence collected so far does not allow recommended treatments for Adolescents, pregnant or perinatal women, and aged patients. However, adults, not within these groups, better focused upon. For their manic/mixed phases, second generation antipsychotic drugs may be useful in the short-to-medium run, alone or combined with mood stabilizers (MSs). However, MSs, and especially lithium, continue to be pivotal in chronic treatment. Bipolar depression should rely on MSs, but an antidepressant may be added on and can prove to be helpful. However, there are concerns with the tendency of antidepressants to induce the opposite polarity or mood instability, rendering the need for concurrent MS prescription mandatory.





Keywords: mood, stabilization, antidepressant drugs, antipsychotic drugs, lithium, mood stabilizers



Introduction

The treatment of bipolar disorder (BD) is currently unsatisfactory. Despite the good results obtained in the treatment of its acute manic phase, this may also be the result of the natural course of the disorder. The challenge would be to obtain a clinical response that maintains patients euthymic, without mood swings, and for a sustained time-period. The latter is unfortunately an unmet need, because few patients manage to stay in treatment for a sufficient time to be declared as remitted. In fact, 40% (1) to 60% (2) of patients discontinue lithium after 5-7 years, and despite good adherence, some 13% of patients who were responders for five years, become resistant to lithium treatment after 10 years (3). BD has its onset usually in late adolescence and early adulthood, less often in later adulthood or advanced age, and seldom during childhood (4), with each range of age at onset displaying a normal-like distribution (5). Since it runs a cyclic course, with manic and depressive episodes and with relatively asymptomatic intervals, and is a biologically heterogeneous entity with precise neural (6–9) and peripheral correlates (10), BD needs to be treated according to subtype and for the entire life span (11). Drug treatment of BD is further complicated not only by the side effects that keep patients away from treatment, but also by long-term drug-induced alterations that prompt doctors to stop or switch to other drugs. For example, there is much concern about the long-term nephrotoxicity of lithium (12–14), but other mood stabilizers (MSs) are not devoid of dangerous side effects (15). Hence, drug treatment of BD has to be tailor-cut to patient's individual needs (16).

Different concepts are included in what we mean by mood stabilization. Mood is normally swaying between what is not mania and not depression, something we call euthymia, but is not a flat line. Consequently, an optimal MS should keep the patient within this range. However, hypomania, which is subsyndromal with respect to mania, is not an acceptable state, since it is often linked to BD-II type and is likely to be followed by bipolar depression, which is a clinical state most unpleasant to the patients and their doctors. It is generally accepted that to be called a MS, a drug must relieve at least one phase of BD and not to cause the opposite. However, this simplistic definition would include antidepressant (ADs) and antipsychotic drugs (APs) as well, not causing respectively (hypo)mania or depression, adding much to the confusion. There is much debate about how much ADs trigger manic switches and how some second-generation APs are endowed with antidepressant action and currently indicated by the US Food and Drug Administration (FDA) for depression (for example, lurasidone and brexpiprazole). This prompted Nassir Ghaemi (17) to develop an elaborate concept of MS, proposing that a MS should be conservatively defined as “an agent with efficacy in two of the three phases of bipolar illness (acute depression, acute mania, prophylaxis)”. In this definition, prophylaxis is meant as a protection from the occurrence of either manic or depressive episodes. This definition excludes all APs and leaves lithium, carbamazepine, valproate, and lamotrigine. Terence Ketter's proposal many years later (18), retained much of the essence of Ghaemi's proposed definition, by stating “any treatment that is effective in any phase of bipolar disorder (an America‐centric approach would be to say FDA‐approved for any phase of bipolar disorder) but not active at dopamine receptors (thus excluding antipsychotics)”. He should have added directly at dopamine receptors, since lithium and other MSs indirectly affect dopaminergic transmission (19–21). Both these definitions are acceptable and the drugs they envisage as MSs are the ones we will here consider. The identification of a neurochemical signature of mood stabilization, like a decreased glutamate-to-gamma aminobutyric acid ratio or genetic markers such as the GAD1 rs1978340 allele A (22), would greatly aid and steer the future pharmacological treatment strategies. However, their adoption in treatment models of BD should await confirmation by future studies (and the identification of other markers as well is to be expected.

The onset of BD during infancy is an extremely rare event. However, in many instances, it develops during adolescence. The latter is a period of rapid physiological changes and adaptation, with the brain in continuous maturation. It is accepted that the brain does not conclude its developmental trajectory before the 24th year of life (23). Any action of a drug at this stage might affect further development, hence particular caution is mandatory in facing cases of adolescent BD. Furthermore, the brain in the two genders matures differently, both in normal (24) and BD adolescents (25), thus forcing treating clinicians to personalize their interventions by taking into account multiple factors, including gender, and substance use that could arrest a normal maturational process in the neurobiological interplay between the “inbuilt” underlying disorder and the “acquired” substance use disorder (26). The gender concern comes to the fore when women become pregnant. During this particular phase of life, the hormonal turmoil that occurs during gestation and the post-partum makes the woman vulnerable to psychiatric events, including later first occurrences or recurrences of BD (27, 28). The old age comes with a decay of functioning bodily systems, including the brain, so the clinical expression of BD and the organism's response to drugs are consequently affected. Generally, dose adjustments of the same types of medications are sufficient to deal with BD in the elderly.


Aim of the Review

To identify drug treatment patterns for BD stabilization across different phases of life, we conducted a systematic review with keywords focusing on mood stabilization and bipolar disorder. The studies emerging from database search were subsequently subdivided according to the age range involved or the special condition (pregnancy or postpartum).




Methods

We conducted our review according to the Preferred Reporting Items for Systematic reviews and Meta-Analyses (PRISMA) statement (29). We search the PubMed database using the following strategy: stabiliz*[ti] OR stabilis*[ti] OR stable[ti] OR stability[ti]) AND mood[ti] AND bipolar. Papers were individually searched for adherence to our inclusion criteria. Retrieved relevant papers, comprising reviews and meta-analyses, were searched in their reference lists for providing additional papers with adequate research data and meeting our inclusion criteria. These were: double blind, placebo or comparator-controlled trials, open-label trials and naturalistic studies investigating the efficacy/effectiveness of drugs given either as monotherapy or add-on medication and belonging to drug classes like MSs, ADs, first generation APs (FGAs), second-generation APs (SGAs), anticonvulsant benzodiazepines (BDZs), or nonconventional mood-stabilizing medications (e.g., allopurinol) in reducing manic, hypomanic, mixed, or depressive symptoms and/or preventing the occurrence of new mood episodes in patients with BD.

Exclusion criteria were: reviews and meta-analyses, animal and in vitro studies, unfocused studies, i.e., studies with nonclinical outcomes not reporting efficacy data, editorials and opinion papers, like letters to the editor with no data or comments on other literature, case reports and case series with no reliable statistics, studies not focusing on BD or including disorders other than BD without separately reporting on BD, congress/conference abstracts, studies lacking clinical data, studies focusing on pharmacokinetics, surveys, studies of registries, papers reporting on data originally published by others. When a study was extended and used the same sample on which results were previously reported, we eliminated the first report and kept the paper with the larger sample, provided that quality of reporting was maintained. We accurately avoided to include studies referring to the same patient sample.

Inclusion and exclusion were based on consensus among all authors; unanimity was required for both and was achieved through Delphi rounds. Two rounds were sufficient to reach complete agreement among authors.



Results

Our search produced 509 records on January 25, 2020. Authors identified 3 duplicates, which were excluded; hence, the pooled records amounted to 506. Excluded were: 158 reviews, 72 animal studies, 62 unfocused studies, 60 opinion/editorial papers, 28 case reports/case series, 28 studies with inadequate design, 22 in vitro (nonanimal) studies, 5 studies on mixed samples which did not provide data for subgroups affected by BD (identified as lumping), 4 congress/conference abstracts without complete data, 3 studies not focusing on BD samples, identified as no BD, 2 studies lacking clinical data, 1 study on pharmacokinetics, 1 survey, 1 registry study, 1 study which reported data originally published by others (sample overlap). Therefore, the final number of studies included in this review was 58. The results of our search is shown as a PRISMA flowchart in Figure 1 with the reasons of exclusion. Detailed, study per study information about inclusion/exclusion is provided in the supplement. The search of reference lists of reviews yielded no further articles.




Figure 1 | PRISMA flowchart of our review's results (30).



Included studies are summarized in Table 1. They spanned from September 1983 to July 6, 2019, while the complete output spanned from April 1970 to December 19, 2019. We split our included records as childhood and adolescence (N=3), adulthood (N=52), old age (N=2), and pregnancy/perinatal period (N=1). One study was conducted on both elderly and adult patients. Since all nonadult trials were few, we applied a further distinction on studies of adults, subdivided into acute phase (N=31), single drug (N=3), add-on (N=25) or mixed (N=3), and long-term with survival curves (Kaplan-Meier) (N=10). All articles were in English, in spite of the fact that non-English language was not an exclusionary criterion.


Table 1 | Summary of included studies.














Discussion

Our aim in writing this review was to clarify which drug treatments achieve stabilization in the various phases of BD and across which age ranges or physiological conditions, like pregnancy and motherhood. Ideally, drug treatment strategies should have been tested phase-specifically in each age; however, studies were not sufficiently numerous for the childhood, older age and pregnancy, so the major focus will be on adulthood. Furthermore, rather than stabilization, the focus of most studies was on symptom improvement, so a reduction in depressive symptoms during the depressive phase and the reduction of excitement symptoms during manic/hypomanic phases are taken per se as stabilization, which sensu strictu are not.


Adulthood

In this review, most results regarded adult patients in various phases of their disorder, so we will expose our findings according to the phase and the type of pharmacological treatment employed.


Manic/Hypomanic/Mixed

In a multicenter naturalistic study, Perugi et al. (84) investigated rates of remission and improvement in mood symptoms and functioning in manic patients treated with MSs and/or APs: Remission rates were 82% in 4 weeks, with Young Mania Rating Scale (YMRS) and Clinical Global Impressions-Bipolar (CGI-BP) mania scores rapidly decreasing. However, the authors did not identify any factors that were associated with remission. Although the extent of the occurrence of mixed states in BD is debated, it is estimated to be around 30% (89). In these cases, treatment should comprise judicious polytherapy (90).


Add-on SGAs


Risperidone

Acute treatment with add-on risperidone to MS (lithium [Li+], valproate and carbamazepine) has been investigated in five studies, which include one naturalistic (39), two placebo-controlled (42, 47), and two-open label studies (36, 51). Add-on risperidone (4 mg/day) has proven to be superior to placebo in decreasing manic/mixed symptoms as shown by greater reduction of YMRS and Clinical Global Impressions (CGI) scores. In two separate open-label studies, add-on risperidone (3-4 mg/day) showed similar rates of response after 4 and 6 weeks (74% and 70% respectively), while euthymia after 6 months was present in 73% of patients. Add-on risperidone (2-6 mg/day) to MS failed to show superior antimanic effects than add-on haloperidol (range: 4-12 mg/day) in one study (42), whereas in another study of inpatients, it showed to be superior to add-on SGAs in reducing mania at discharge (39). In the same study, no differences in effectiveness/efficacy were found as compared with add-on olanzapine (5-20 mg/day).



Olanzapine

Acute effectiveness/efficacy of olanzapine was investigated in one double-blind, placebo-controlled trial (43). Add-on olanzapine treatment (5-20 mg/day) to patients previously treated with MSs (Li+ or valproate) was superior to placebo in reducing YMRS scores and was associated with higher rates of remission. Furthermore, olanzapine monotherapy was similarly effective independently from whether the patients had failed or succeeded in the past to respond to another MS for mania.



Quetiapine

Effectiveness of add-on quetiapine (mean 267.9 ± 105.4 mg/day) to a MS in reducing manic/mixed symptoms was investigated by one open-label trial (53). After four weeks, add-on quetiapine reduced both manic and depressive symptoms, as demonstrated by the reduction of both YMRS and Hamilton Depression Rating Scale (HDRS) scores.




Mood-stabilizers

Add-on MS (Li+, carbamazepine, and valproate) to olanzapine (5-20 mg) in manic/mixed patients was associated with greater remission rates (61% vs. 95%) than olanzapine monotherapy (69). On the other hand, Goldberg et al. (32) showed that patients with Li+ or AE monotherapy had similar response rates and duration of remission, whereas time to remission in cases of combined therapy is somehow longer. This outcome may be related to the fact that people receiving combined treatment added the antiepileptic after an ineffective Li+ trial. After starting the combined therapy, time to remission was similar to the monotherapy group, i.e., 2-3 weeks.

Gabapentin (900-1200 mg/day) add-on treatment to antimanic drugs (Li+, valproate, and risperidone) was effective in rapidly reducing HDRS and Bech-Rafaelsen Mania Scale (BRMaS) scores after 1 week. In the following month, BRMaS scores stabilized, whereas HDRS scores continued to decrease (34). On the other hand, topiramate (50-400 mg/day) added on a MS (Li+, valproate) or an AP failed to show superior efficacy than placebo add on after 12-weeks (56).



Other

Add-on memantine in not stabilized BD is related to 47.5% and 52.5% rates of remission after 6 and 12 months (70), whereas sedatives (mainly BDZs) added on lamotrigine monotherapy (100-200 mg/day) in patients with either manic or depressive episode, were associated with higher rates of stabilization than adding other psychotropic drugs (mainly SGAs, ADs, and MSs) (59). Add-on nutritional supplements, like vitamins and minerals, proved able to reduce in some patients both manic and depressive symptoms (38), whereas allopurinol was not superior to placebo in reducing manic symptoms (76). However, allopurinol also improved YMRS scores in its double-blind study and with a greater effect size than what vitamins and chelated minerals were able to achieve in the open study.

Summarizing the evidence of studies treating acute episodes of mania or mixed, adding one SGA to a MS seems the best strategy to stabilize mood. The evidence of the antimanic effect of SGAs are most prominent for risperidone, a bit less for olanzapine and quetiapine. There are no differences between olanzapine and risperidone or valproate and Li+ as regards their antimanic effect. The evidence of differences between SGAs and FGAs as for their antimanic effect is at least poor and conflicting.




Depression


Add-on SGAs

Two double-blind placebo-controlled trials evaluated the effectiveness of aripiprazole (67) and quetiapine (83) as add-on treatments for bipolar depression. Quante et al. (67) failed to demonstrate superiority of augmentation therapy with aripiprazole (10-30 mg/day) as compared to placebo in patients treated with citalopram (40 mg/day) and a MS. Conversely, Garriga et al., showed that add-on quetiapine-extended release (300-600 mg/day) to a MS (Li+, valproate, or carbamazepine) was superior to placebo in improving subthreshold depressive symptoms after 6 weeks, and also in improving functioning after 12 weeks.



MSs

Hantouche et al. (54) assessed the characteristics of poor vs. good responders to add-on MSs (Li+, carbamazepine, and valproate) treatment to ADs in major depressive disorder patients with depression who met Angst's criteria for lifetime presence of subtle hypomanic and cyclothymic features, i.e., patients that the authors consider as belonging to the bipolar spectrum. Poor responders were prescribed a MS later than good responders, suggesting that MS augmentation should be undertaken without delay.


Valproate Monotherapy

Two studies investigated the effectiveness of valproate monotherapy in relieving depressive symptoms (41, 68). Valproate was associated with a 63% response after one year in patients with BD-II. Valproate monotherapy was also superior to placebo in improving HDRS scores after 3, 4, 5, and 6 weeks. However, differently from Winsberg et al. (41), such difference in Muzina et al. (68) was mainly driven by data regarding the subgroup affected by BD-I.



Lamotrigine

Two studies investigated the effectiveness/efficacy of lamotrigine in BD depression, either as monotherapy (65), or as add-on treatment (66). After 16 weeks, lamotrigine monotherapy (200-400 mg/day) increased YMRS scores by more than 4 points in 35% of patients, and such increase was predicted by the number of manic/hypomanic/mixed episodes in the preceding year. lamotrigine add-on treatment (145.5 ± 113.2 mg/day) to a MS (Li+ or valproate) or APs (quetiapine, olanzapine, or ziprasidone) reduced CGI-BP-S scores after 4 and 12 weeks. Such scores remained significantly lower during the following year, indicating successful stabilization.



Topiramate

Effectiveness of add-on topiramate (50-100 mg/day) in reducing both manic and depressive symptoms and in inducing response was compared with add-on bupropion (100-400 mg/day) to a MS (Li+ or valproate) and SGAs. Add-on treatments with either topiramate or bupropion were able to induce similar response rates (56% vs. 59%, respectively), within a similar time lag (2-4 weeks). Reductions in YMRS, HDRS, and CGI-I scores were also similar.




ADs

Bottlender et al. (37) evaluated the impact of AD treatment on the incidence of switches from depression to mania/hypomania in 158 BD-I patients with depression. Rates of switches were 25%, with higher risks for patients taking tricyclic antidepressants (TCAs) and lower for those on combined AD+MS treatment.


Add-on paroxetine

Three studies evaluated the effectiveness/efficacy of paroxetine in reducing depressive symptoms and rates of switch. Young et al. (35) compared the effectiveness/switch rates of either add-on paroxetine (36 mg/day) or additional MS (Li+, 1300 mg/day or valproate 1200 mg/day) to stable MS treatment. Both add-on treatments were associated with significant reductions in HDRS scores after 6 weeks, with no significant YMRS score increases.

Vieta et al. (45) compared add-on treatment with paroxetine (32.3 mg ± 11.2) or venlafaxine (179.2mg ± 91.0) to a MS (Li+, valproate, or carbamazepine) and investigated response, remission, and switch rates. After 6 weeks, similar proportions of responders (paroxetine+MS: 50%; venlafaxine+MS: 59%) and similar remission rates (paroxetine+MS: 37%; venlafaxine+MS: 41%) were found. Venlafaxine showed higher, even though not significantly so, rates of remission (48% vs. 43% with paroxetine). Nevertheless, the authors concluded that acute add-on treatment with venlafaxine raises concerns due to the higher rates of switch, although rates did not differ significantly, but only numerically (13% with venlafaxine, 3% with paroxetine). Authors stressed the need to replicate their preliminary findings, but no follow-up ensued.



Venlafaxine, Sertraline, and Bupropion

Amsterdam et al. (77) showed superiority of venlafaxine monotherapy over placebo in BD-II patients as concerns response rates at the 12-week endpoint (67.7% vs. 34.4%, respectively). Two randomized trials investigated the effectiveness/switch rates of add-on venlafaxine, sertraline or bupropion to MSs (Li+, valproate, or carbamazepine). Post et al. (40) reported a 37% response rate after 10 weeks, with 14% of switches into mania/hypomania, On the other hand, Leverich et al. (57) showed that after 10 weeks, response rates were 48.7%. However, response rates dropped to 32.5% after excluding patients who had a switch. Switch rate to full (hypo)mania was 19.3%, with higher rates for venlafaxine and lowest for bupropion. Both studies showed that AD augmentation is not likely to yield a high rate of sustained AD response without a switch.



Escitalopram

The study of Parker et al. (58) showed superiority of 10 mg of escitalopram monotherapy over placebo in a double-blind crossover study lasting 9 months, in reducing symptom severity and percent days impaired in a small sample of 10 drug-naïve patients with BD-II and monthly mood episodes.



Other

Goldberg et al. (49) evaluated the effectiveness of add-on pramipexole (1.0-2.5 mg/day) to MSs (Li+, valproate, or carbamazepine) in improving HDRS and CGI-S scores. After 6 weeks, pramipexole was superior to placebo in reducing depressive symptoms (pramipexole+MS was followed by more than 50% drop in HDRS scores compared to 20% in the placebo+MS; furthermore, it was associated with lower CGI-S scores (2.7 ± 1.4) than placebo+MS (4.4 ± 1.3). On the other hand, add-on therapy with agomelatine (25-50 mg) to a MS (Li+ and valproate) was not superior to add-on treatment with placebo in reducing depression after8 weeks (80). Goldberg et al. (71) found moderate antidepressant effect of nefazodone (300-600 mg/day) added on a MS (Li+, lamotrigine, valproate or carbamazepine) or an AP (clozapine).

Concluding, in the acute treatment of depression, adding ADs on ongoing MS treatment is effective in improving mood symptoms but it is also related to an increase in switch rates, specifically in BD-I or mixed samples. The evidence points to higher switch rates during add-on treatment with venlafaxine, a drug that inhibits the reuptake of both norepinephrine and serotonin, or TCAs, a group of drugs that are effective in blocking both transporters similarly to venlafaxine, than with selective serotonin reuptake inhibitors (SSRIs) or bupropion, which blocks the reuptake of norepinephrine and dopamine, and leaves the serotonin transporter almost unaffected. Risk of switch seems intermediate for SSRIs and lower with bupropion. ADs are effective in the short-term treatment of BD-II, even in monotherapy, but switch rates are not clearly evaluated across studies. Monotherapy with valproate and lamotrigine showed also short-term effectiveness, like topiramate and quetiapine-extended release add.





Long-Term Studies


APs

Two retrospective naturalistic studies investigated rates of relapse over a 1-year period in patients with BD (59, 78) treated with MS monotherapy, MS+SGAs and MS+FGAs, and reported conflicting results. Rehospitalization rates have been reported not to differ after a 1-year follow-up (Patel et al., 2006) or to be lower in patients receiving MS+SGAs, compared to MS monotherapy and MS+FGAs (78). Differences in sample characteristics [BD-I in Patel et al. [2006] and BD-I/BD-II mixed sample in Hochman et al. (78)] or type of SGA used might have played a role in such discrepancy. In partial agreement with Patel et al. (55), Tournier et al. (88), found similar treatment discontinuation rates, i.e., > 60% across the aforementioned three groups during a 1-year period, with slightly, but not significantly lower rates in the MS+SGAs combined group than the other two. Bernardo Dell'Osso et al. (64) investigated relapse rates after over 2 years in patients with early, middle, and late onset of BD, and found that MS treatment (Li+ or valproate+SGAs) are more effective in preventing depressive episodes in those patients with an early BD onset.


Olanzapine, Risperidone, and Quietiapine

Two placebo-controlled trials (51, 80) and one naturalistic study (63) investigated the effectiveness in relapse prevention of olanzapine, risperidone and quetiapine. Tohen et al. (41) found that patients on combined olanzapine (5-20 mg)/MS (Li+, 954.6-1174.7 mg/day or valproate, 1060.4-1512 mg/day) treatment had a longer mean time to symptomatic relapse into mania or depression then patients receiving MS+placebo (163 and 42 days, respectively). The effectiveness of add-on olanzapine was superior than add-on placebo or add-on risperidone in increasing the time of syndromic relapse during the short- (24 weeks), but not in the long-term (81). Altamura et al. (63) investigated rates of relapse over 4 years in patients treated with Li+ or valproate or lamotrigine or quetiapine as monotherapy or a combination of quetiapine to either Li+ or valproate. Patients with a combined treatment (quetiapine+Li+ and quetiapine+valproate) showed higher rates of euthymia (80% and 78.3%, respectively) than those with quetiapine alone (29.3%), Li+ alone (46.2%) and lamotrigine alone (41.9%). Patients with Li++quetiapine and Li++valproate did not relapse for longer times (41.4 and 39.2 months, respectively) than patients on quetiapine (24.9 months) and valproate (26.3 months) alone. Only patients with Li++quetiapine did not relapse for significantly longer times than Li+ alone (33.1 months). Furthermore, patients with Li+ monotherapy showed smaller relapse rates than those with quetiapine monotherapy.




MSs

DePaulo et al. (31) investigated self-reported mood stability in patients with BD on long-term lithium therapy and found greater ratings of absence of mood swings than HCs. Ahn et al. (82) found that treatment response rates did not differ among patients with add-on Li+ to SGAs (quetiapine, olanzapine, risperidone, aripiprazole, paliperidone, clozapine, amisulpride), or other MSs (lamotrigine and carbamazepine) as compared to those receiving add-on treatment with valproate. On the other hand, Savas et al. (60) found that adjunctive therapy with MSs (Li+, valproate, carbamazepine or lamotrigine) to SGAs (risperidone, olanzapine or quetiapine) was not superior in preventing relapses as compared with SGAs alone over a 6 month-period.

Mean time of relapse after MS discontinuation was investigated by Sharma et al. (74) in a sample of Indian patients. Mean time to relapse was 10 months, and all relapses were manic, thus replicating existing data in samples belonging to Western countries. Steardo et al. (87) showed that impaired glucose metabolism was associated to poor long-term response to MSs (Li, valproate, lamotrigine, and carbamazepine) and APs. On the other hand, Henry et al. (46) showed that anxiety was a predictor of poor long-term (2 years) response to AEs, but not to Li+.

One open label, placebo-controlled trial (65) tested the effectiveness of lamotrigine monotherapy (100-200 mg/day) in reducing switch rates over 6 months. The authors found no differences between lamotrigine and placebo in percentage or hazard ratio for a medical intervention due to the onset of a mood episode. However, patients on lamotrigine monotherapy had consistently higher survival estimates than patients on placebo. Furthermore, YMRS scores at screening and presence of ≥3 manic/hypomanic/mixed episodes in the preceding year significantly increased the hazard ratio for a mood episode. The authors concluded that emergent manic or hypomanic features appear to be driven by the pre-existing or historical burden of mania features, rather than the use of lamotrigine.



ADs

Amsterdam et al. (77) found no difference in relapse rates over 6 months between patients with BD-II treated with venlafaxine or with lithium monotherapy. Two studies evaluated manic switch rates over one year of add-on bupropion, venlafaxine or sertraline to MS in patients who had responded in the past to AD augmentation (40, 57). In both studies, switch rates were higher than 30% (33% and 36%). AD switch rates were not significantly different among the three ADs; however, the threshold/subthreshold switch ratio was lowest with bupropion (1.2), intermediate with sertraline (1.65), and highest with venlafaxine (3.75). The long-term administration of 25-50 mg/day of the strong melatonin MT1 and MT2 receptor agonist and moderate serotonin 5-HT2C and 5-HT2B receptor antagonist, agomelatine, as an add-on to a MS, did not result in different switch rates compared to placebo added on a MS (80). However, also the response rates were similar in the two groups, raising questions about the antidepressant potency of agomelatine.



Other

Norris et al. (72) investigated the long-term effectiveness of add-on ramelteon (8 mg/day), a sleep inducer which shares with agomelatine the strong melatonin MT1 and MT2 receptor agonist activity, and is also endowed with weak MT3 and 5-HT2B activity, to standard medications (including APs, MSs, ADs, and stimulants) in stabilized patients with BD over a 6-month period. As compared with placebo, patients with add-on ramelteon showed lower rates of relapse into any mood episode than placebo.

Studies focusing on stabilization of adult patients make the greatest part of those included in this review. As far, results appear to be inconsistent if not conflicting, but there is weak evidence supporting either the addition of a SGA to MS or using a SGA alone, which both confer mood stabilization that is superior to that obtained using MSs alone, at least in the medium term. For timeframes extending over six months, results are more conflicting. However, evidence supporting the effectiveness of combined therapy in reducing relapse is stronger than the one supporting the superiority of the use of MS or SGA alone. Li+ seems not to be superior to valproate in stabilizing mood as an add-on treatment. Add-on ADs to MSs are related with higher switch rates. If this holds true for BD-I or mixed samples, there is a week, preliminary evidence that this might not be true for BD-II.





Children/Adolescents

Tramontina et al. (61) showed that the switch to a monotherapy with topiramate (150 mg/day) in youth (11-17 years) with BD, previously treated with MSs (Li+, valproate) or SGAs (risperidone), was associated to both reduction of YMRS scores and weight loss after 4 weeks.

Chen et al. (73) retrospectively investigated relapse rates after 12 months of treatment with either MSs (Li+, valproate, or carbamazepine) or SGAs (risperidone, aripiprazole or quetiapine). Patients who initiated MSs and SGAs had a comparable risk of psychiatric hospital admission; however, patients who initiated on SGAs were less likely to discontinue treatment and less likely to receive treatment augmentation. Hence, the authors concluded that in youths with BD, SGAs might be more effective and better tolerated than traditional MSs as a maintenance treatment. Conversely, Hafeman et al. (86) investigated suicide attempts and suicidal ideation, rates of threshold and subthreshold depression, (hypo)mania, psychosocial functioning, hospitalization, aggression, and substance use disorders in patients receiving Li+ or medications other than Li+ (AEs, FGAs and SGAs), regardless of other psychotropic medications, for more than 75% of the 10-year follow up. They found that Li+-treated youths were less likely to have lifetime anxiety, and less likely to be on ADs. Youth on Li+ had half as many suicide attempts, fewer depressive symptoms, psychosocial impairment due to illness, and less aggression than those not treated with Li+.



Elderly

Sanderson et al. (33) compared length of stay and symptom improvement in elderly inpatients receiving monotherapy with Li+, valproate, or carbamazepine and found no significant differences across the groups. Tournier et al. (88) investigated rates of treatment discontinuation, switch, adjunctive medication, hospitalization, suicide attempt, and death over a 1-year period in patients treated with either MS (Li+, valproate, carbamazepine, and lamotrigine), SGAs (risperidone, aripiprazole, quetiapine, and olanzapine) or a combination of the two classes. Treatment failure was higher in those receiving SGAs than MSs. Addition of another drug was less frequent in those taking SGAs than in those taking MSs, while early discontinuation, psychiatric hospitalizations and death occurred more frequent in patients who were prescribed SGAs. The authors concluded that, in older patients, SGAs are less effective and fail more often than MSs. Mortality was particularly high in SGA-treated elderly patients, either as a monotherapy or in combination with MSs.



Pregnancy

Viguera et al. (62) studied 89 pregnant women with polytherapy (including MSs, ADs, APs) for BD who 1) used at least one MS (Li+, valproate, carbamazepine, gabapentin, lamotrigine) or AP (olanzapine and quetiapine) at conception and continued treatment for more than 12 weeks; 2) discontinued MSs during the 6 months preceding the conception and for the following 12 weeks. Pregnant women were followed up each trimester and at 6, 12, 24, and 52 weeks postpartum to ascertain recurrence of mania, hypomania (lasting ≥1 week), major depression, or a mixed state, and current treatments. The authors found that 70.8% of women experienced ≥1 episode during pregnancy. Risk of recurrence was 2.3 times higher in those who discontinued treatment than in those who continued (85.5% vs. 37.0%, respectively). Discontinuers spent >40% of pregnancy in an illness episode, vs. 8.8% of pregnancy of women continuing on MS. Median time to first recurrence was 9.0 weeks for discontinuers and >40 weeks for continuers. Those who abruptly or rapidly discontinued MS treatment (< 14 days) had 50% risk of recurrence within 2 weeks, whereas gradual discontinuers (> 14 days) required 22 weeks to reach 50% risk of recurrence. Treatment-related risk factors, besides MS discontinuation, included polytherapy with two or more psychotropic drugs, use of ADs, primary MS other than Li+, and previous switch from depression to mania/hypomania during past AD treatment.



Final considerations

Stabilizing treatments through the lifespan differ. In youth, SGAs are more tolerated and effective than MS in stabilizing mood (73). However, Li+ remains the cornerstone of mood stabilization as seeb in pediatric populations with BD, as it protects from impulsive acts and suicidal behavior (86). Furthermore, Li+ is also important for dimensions related to impulsive behavior and mood dysregulation, which are often encountered in such population (91). In adults, the use of add-on SGAs to MS in the treatment of manic/mixed state is still important, at least in the first half year of treatment. The combined treatment seems to confer greater mood stabilization. There is also preliminary evidence for greater effectiveness of some SGAs, like olanzapine, quetiapine, and risperidone, compared to MS monotherapy, but confirmatory studies are needed. In the elderly, the use of SGAs is contraindicated because of the impact on health and higher risk of death (all APs have a warning for increased risk of stroke in the elderly). Henceforth, the ratio of SGA/MS use varies across the lifespan, being highest during youth (frequent use for longer times of SGAs), intermediate in adult life (combined therapy), and low in the elderly (greater use of MSs).


Limitations

We based our conclusions on findings of sometimes underpowered studies, conducted with no double blinding, and often conducted on small samples. There is temporal discontinuity in the included studies, in that earlier years are less densely represented than recent years, and this might have affected the relative quality of the included studies. However, we found that most pre-millennial studies to be of high quality in both design and performance whereas not all recent trends in article standards resulted in improved data. The ways in which mood stabilization was considered and measured differed among studies. Only one study asked participants to rate their mood on a continuous visual scale, most others measured it as a reduction in HDRS or YMRS scores. This affected the evaluation of the stabilizing effect of the drug tested. Generally, we could not meta-analyze the eligible studies due to their extreme methodological differences in both design and assessment of outcomes; for example, about half were open-label and the other half double-blind. Furthermore, many were sponsored by the pharmaceutical industry, raising concerns that they could be biased in some sense. Risk of bias was high in most studies. Another limitation was that we did not assess the effects of physical therapies, like electroconvulsive therapy, deep and repetitive transcranial magnetic stimulation, and direct current transcranial stimulation, that may play a part in BD patients' treatment (92-94), but this would go beyond the scope of this review.

Summarizing, the indications for different treatments across the lifespan in BD are not supported by sufficient evidence, but appear nevertheless to differ. This is due to the dearth of studies carried out heretofore. The need for the future is for studies following the same methodology and adopting a consensus definition of stabilization.





Conclusions

Mood stabilization is currently achieved at suboptimal levels. The evidence gathered heretofore is quite insufficient to propose treatment recommendations for cAdolescents, pregnant women, and elderly people. Regarding adults, in manic/mixed phases AP drugs, especially SGAs, have shown usefulness in acute to medium term treatment, especially in combination with MSs. The latter, especially Li+, is still the mainstay of chronic treatment, even though there is increasing evidence supporting the superiority of long-term combined therapy. Depressive phases of BD benefit from MS and quetiapine treatment, and there is some concern with the switch-inducing potential of some ADs, but less with others. The use of ADs in bipolar depression is safer when the AD is prescribed along with a MS.
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Lithium has been the treatment of choice for patients with bipolar disorder (BD) for nearly 70 years. It is recommended by all relevant guidelines as a first-line treatment for maintenance therapy. In this review, we outline the current state of evidence for lithium in the treatment of BD over the lifespan. First, we summarize the evidence on efficacy in general, from relapse prevention to acute anti-manic treatment and its role in treating mood episodes with mixed features and bipolar depression. As patients are often treated for many years and different aspects have to be considered in different phases of life, we discuss the particularities of lithium in the treatment of paediatric BD, in older aged individuals and in pregnant women. Lastly, we discuss the evidence on lithium's proposed suicide-preventive effects, the dangers of rapid discontinuation and lithium's adverse effects, particularly with regard to long-term treatment.
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Background

Bipolar disorder (BD) is an episodic illness with a very heterogeneous clinical course. It usually presents as a severe, chronic, and disabling condition characterized by mood alterations between euthymia, major depression, and (hypo-)mania. The estimated lifetime prevalence ranges from 0.6% to 2.4% worldwide (1, 2). BD is usually a lifelong disease, hence requiring lifelong treatment strategies. One of the major pharmacological agents in the treatment of BD is lithium. It remains the gold standard in preventing recurrences in BD I (mania and depressive episodes) and BD II (hypomania and depressive episodes) and is effective in the treatment of mania. Additionally, the proposed anti-suicide effect of lithium is unique and potentially of high relevance in the treatment of BD over the lifespan, as patients with BD suffer from high suicide rates (3). Over the last decades, other substances such as second generation antipsychotics (SGA) and anticonvulsants have been prescribed more frequently and there has been a tendency to avoid lithium in the treatment of BD. Reasons may be the overestimation of potential side effects as compared to other substances by professionals and patients alike, despite the highly problematic metabolic profile of antipsychotics (e.g., Olanzapine), particularly over the lifespan (4).

This narrative review focuses on lithium-treatment over the lifespan in BD and gives a summary of its effectiveness, side effects, and treatment recommendations with regard to specific treatment conditions and subtypes of BD. Furthermore, we discuss the risk of lithium-discontinuation, which is an important topic in the treatment of BD over the lifespan.



Efficacy of Lithium in BD

The pharmacological treatment of BD has several goals. Lithium is the agent of the “first hour” in the treatment of BD and has been used over decades in all phases of the disease. Lithium treatment aims at the prevention of relapses and is used in the treatment of acute episodes, such as mania, depression, and specific subtypes, such as mood episodes with mixed features or rapid cycling (RC) (see below). Especially with regard to the lifespan, the efficacy of lithium in special treatment conditions, such as BD in paediatric and older aged patients and BD during pregnancy and postpartum are of high relevance. For each of these conditions, different recommendations are available from different treatment guidelines (5). The German S3 guidelines also recommends lithium as the first choice of treatment for patients with high risk for suicidality (6). First, we give a short summary of the general effects of lithium in mania, depression, and maintenance treatment of BD.


Lithium in Maintenance Treatment

Preventing new episodes in BD is essential with regard to quality of life, participation in society and preventing long-term disability. Lithium remains the gold standard in achieving this goal. It is effective in both type I and type II BD (e.g., (5)). Only for lithium, randomized controlled trials (RCTs) without an “enriched design”, favoring the substance to be investigated, have been performed (7, 8). Several meta-analyses of randomized placebo-controlled, long-term trials could verify that lithium significantly reduces the risk of new episodes (mania and depression) compared to placebo (e.g., (9–12)). A Cochrane review found the risk of any relapse to be 36% for lithium and 61% for Placebo over the course of 1 year, corresponding to an absolute risk reduction of 25% [NNT = 4, (13)]. Kessing et al. as well as Hayes et al. found lithium monotherapy to be superior to monotherapy with other maintenance mood stabilizers in real life conditions (14, 15). This is reflected by its status as the first-line drug in many international guidelines (5). For optimal efficacy in long-term treatment of BD, target serum levels should generally be around 0.6–0.8 mmol/L, while specific treatment situations and patients may require slightly higher or lower lithium levels (16).



Lithium in Treatment of Mania

While manic episodes are often the most impressive part of BD, their duration is usually shorter compared to that of other disease phases in both BD-I and BD-II. A number of pharmacological agents have been investigated and have proven their efficacy in the treatment of mania, including lithium (17). The network meta-analysis by Cipriani et al. found an effect size of 0.40 SMD, indicating a moderately sized effect, which is comparable to other anti-manic agents (18). For example, lithium showed a comparable efficacy to quetiapine in a 12-week RCT (19). Despite its proven anti-manic properties, lithium has lost some of its relevance in the treatment of mania in the recent years, partly due to the large number of SGAs that have been licensed for this indication. Reasons for favoring SGAs over lithium include the shorter time of dosage increase and sedation, a common side effect of SGAs that is often welcomed during manic agitation. Further potential disadvantages of lithium include the small therapeutic window and hence the necessity for repeated serum level controls (20). In addition, no parenteral application is available for lithium. Notwithstanding these limitations, lithium should be considered as a first-line therapy for manic episodes, as long-term phase-prophylactic treatment is almost always required afterward, for which lithium is considered the first choice. In the treatment of manic episodes, higher levels of 0.8 to 1.2 mmol/L are required in order to achieve optimal response.



Lithium in Treatment of Bipolar Depression

Bipolar depression is the predominant pole in BD type I and type II and responsible for a large number of suicides. The suicide rate is 20-times above that of the general-population (21), which is considerably larger than that of unipolar depression (22). Bipolar depression is also associated with a high rate of morbidity and mortality due to comorbid somatic disorders (23). However, treatment of bipolar depression is challenging for clinicians, as the classical treatment strategies of unipolar depression (antidepressants, lithium) show small(er), if any, effects (24). The lack of effectiveness of antidepressants in BD has been the topic of an ongoing controversy (25, 26). There is evidence that antidepressants may worsen the course of the disease in patients with mixed symptoms or RC by increasing the switch risk or causing tachyphylaxis after repeated antidepressant drug exposures (27).

Similarly, the available data strongly doubt the effectiveness of lithium in treating bipolar depression. The large EMBOLDEN I study found that lithium was not more effective than placebo in treating bipolar depression (28). In an open-label RCT comparing venlafaxine and lithium in bipolar depression in BD type II, lithium was significantly less effective than the antidepressant (29). However, relatively low lithium serum levels are a possible limitation of this and several other trials investigating lithium in the treatment of bipolar depression. Albeit the lack of evidence supporting lithium monotherapy in the treatment of bipolar depression, there are substantial differences in international treatment guidelines with regard to the role of lithium in bipolar depression (30). Some guidelines, such as the CANMAT guidelines (31), still regard lithium as a first line treatment option in bipolar depression. These guidelines argue that lithium should be considered in the acute treatment of bipolar depression due to its central role as a mood stabilizer, its effectiveness in preventing mania and the proposed anti-suicide effect. These guidelines highlight the low number of studies investigating lithium in bipolar depression and the limitations of these studies. Contrarily, the German S3 guideline does not recommend the use of lithium monotherapy in the treatment of bipolar depression (6). The WFSBP guideline agrees with that recommendation and emphasizes the combination therapy of lithium with other agents in bipolar depression (32).




Lithium in Episodes With Mixed Features and Rapid Cycling

BD, especially in the lifelong course, is typically characterized by recurring mood episodes of opposite polarity. However, patients may also experience episodes in which depressive and manic symptoms co-occur. These phases were traditionally called mixed states or mixed episodes. The DSM-5 substituted these terms by the so-called “mixed specifier”, which indicates the presence of mixed symptoms in either (hypo-)manic or depressive episodes (33). Patients with mixed features in the course of their illness have a considerably higher risk to commit suicide and higher rates of (psychiatric) comorbidities (e.g., anxiety disorders, substance dependence and personality disorders). They suffer from high rates of relapses and experience a larger number of new episodes compared to BD patients without mixed symptoms (34).

Treatment of patients suffering from affective episodes with mixed features is particularly demanding for clinicians, especially as there is a lack of RCTs investigating these patients. The available data on the effectiveness of lithium in mood episodes with mixed symptoms are inconclusive (33, 35). In patients with a manic episode and additional depressive symptoms, lithium was found to be less effective than valproate (36).

Studies investigating the effectiveness of lithium in the maintenance therapy found it to be less effective in patients with mixed symptoms than in patients with “pure” mania. However, episodes with mixed features may generally be more difficult to treat than classic episodes. A post hoc analysis of lithium in “dysphoric mania” even found lithium not to be more effective than placebo (37). However, there are several shortcomings of all of these studies, for example the post-doc design and limitations with regard to the patient population. Given the high rates of suicidality during episodes with mixed symptoms and the anti-suicide properties of lithium, it should not be ignored as a pharmacological treatment-option in these patients. However, (more) positive data (mainly based on post hoc analyses) are available for SGAs and valproate in the treatment of BD with mixed features.

Another clinical phenotype of BD is the concept of RC. RC is defined as a course of BD that includes at least four distinct mood episodes (including major depressive, manic, hypomanic, with or without mixed features) occurring within a 12-month period. RC has a lifetime prevalence of 5 to 33 % among BD patients, which emphasizes its clinical relevance (38, 39). Patients with RC suffer from a higher burden of symptoms, higher rates of suicide attempts and completed suicides and they are frequently suffering from other psychiatric comorbidities over the lifespan of BD (40, 41). Patients with RC show a prolonged and complex course of their disease and high rates of treatment failure compared to patients without RC (42). Risk factors that are associated with the onset of RC are female gender, hypothyroidism, and antidepressant medication (43).

Only very little data on the treatment of RC are available from randomized clinical trials. Naturalistic and non-controlled studies suggest that lithium is less effective in patients with RC than in those without (44). However, all available treatments show lower effectiveness in patients with RC and lithium may show better efficacy than other mood stabilizers except for valproate (45). In a re-analysis of patients with BP II receiving venlafaxine and lithium, however, there were no differences in response or relapse rates between patients with or without RC (46). In a study from Suppes et al., no differences could be found between lithium and lamotrigine in reducing depressive symptoms in patients with bipolar depression and RC (47). Regarding long-term treatment of BD and RC, lithium has been investigated in a prospective trial (cross-over design, duration of 2 years) in comparison to carbamazepine or the combination of both (48). Lithium monotherapy was inferior to the combination therapy in patients with a history of RC, while there was no difference to carbamazepine monotherapy. In addition, lithium monotherapy was equally effective in comparison to a combination treatment of lithium and valproate in RC (relapse rates) and in comparison to valproate monotherapy (49).



Lithium in Paediatric Bipolar Disorders

BD often begins in adolescence (50) and usually requires lifelong treatment including pharmacotherapy and psychosocial interventions (51). It is important to distinguish between paediatric and adult BD when choosing the appropriate medication, as side effects may affect patients of different age groups differentially.

Lithium has been approved for the acute and maintenance treatment of mixed and manic episodes of BD I in children and adolescents (age from 7 to 17 years) by the FDA. The effectiveness of lithium in paediatric patients has been demonstrated by numerous studies [e.g., (52, 53)].

In young patients with BD, the risks and benefits of pharmacological (long-term) treatment have to be balanced even more carefully, as the longer duration of exposure to the medication poses particular risks of adverse events. Before starting lithium treatment, standard examinations such as baseline laboratory checks of thyroid hormones, creatinine, blood salts, and calcium levels should be performed. The monitoring of lithium-levels and of other blood parameters is comparable to that of adults. As in all BD patients but especially in paediatric BD, the spectrum of lithium adverse effects should be thoroughly discussed, especially with regard to lithium intoxication. In adolescents, adequate hydration during the summer and during high levels of physical activity are important concerns the patient should be informed of. Cases of significant dehydration (such as due to emesis or diarrhoea) can make a dose reduction or pausing of the medication necessary. Like in adults, thyroid hormone status has to be closely monitored, as lithium may lead to hypothyroidism requiring the substitution of thyroid hormones (54). In paediatric BD, acute and long-term treatment with lithium seems to have relatively little effect on body weight (53, 55) and may therefore be preferred to antipsychotics with their unfavorable metabolic profile. Serious side effects of lithium in paediatric BD, which have been reported and therefore must be recognized, are suicidal ideation, change of blood cell count, and neurological side effects (54).


Dosing Strategies in Paediatric BD

The elimination half-time of lithium is significantly shorter and the clearance of lithium significantly higher in paediatric patients. Therefore, Landersdorfer et al. (56) recommend a twice-daily dosing of lithium to achieve acceptable blood concentrations. Data are missing for once-daily dosing of lithium in paediatric BD and is thus not recommended.

To summarize, lithium is an effective treatment strategy in the treatment of paediatric BD in different phases of the disease, in mixed and manic episodes and in the maintenance phase.




Lithium Use in Pregnant and Postpartum Women With BD

Women with BD are at an elevated risk of recurrence during the peripartum and postpartum period with relapse rates as high as 40–70% (57, 58). Recent research suggests that lithium discontinuation may be responsible for the elevated relapse risk during pregnancy, as pregnancy itself only has a small or even no effect on relapse rates in BD (57, 59). A majority of pregnant women with BD decide to self-discontinue lithium or even have problems getting a prescription for lithium (60, 61). There is a high variability in the available information and recommendations regarding lithium treatment during pregnancy (62). While lithium is the most recommended agent in BD during pregnancy, there is a lack of high-quality data. Observational studies support the use of lithium in the postpartum period in relapse prevention (58). However, the benefits of relapse prevention have to be weighed against potential adverse effects on mother and child (63).

One major fear is the assumed teratogenicity of lithium during pregnancy, especially the risk of Ebstein's anomaly. In one of the largest cohort studies, Paterno et al. found that lithium intake during the first trimester is associated with an increased risk of cardiac malformations. In this study the adjusted risk ratio for cardiac malformations between exposed and non-exposed infants was 1.65 (95% confidence interval [CI], 1.02 to 2.68) and it showed a dose-dependent relationship. Nevertheless, the effect size was lower than previously assumed, with an absolute risk increase of 1.25% (64). In a meta-analysis by Munk-Olsen (65), lithium intake during pregnancy did not correlate with complications during pregnancy or delivery. However, the authors reported an increased risk for “cardiovascular defects, neural tube defects, hypospadias, and epispadias (OR 1.71), but not for major cardiac malformations (e.g., Ebstein's anomaly)”. For a detailed overview, we recommend the review of Hermann et al. (62).

Several experts recommend continuing lithium in patients with BD I who have been stable on lithium to prevent relapse or even mood instability. Nonetheless, a critical discussion should be held with the patient that involves the risks, benefits, and alternatives for treatment during pregnancy and postpartum. Changing of medication during pregnancy and postpartum should be avoided when possible (62). Patients continuing taking lithium should take a reduced dosage or even stop taking lithium in the critical period of heart development (4 to 12 weeks). However, lithium should never be discontinued abruptly. An increase in the GFR and an expansion of the blood volume occurring during pregnancy can cause a decrease in lithium levels during the first and second trimesters (66). Therefore, the lithium dosage may have to be increased in order to ensure sufficient lithium levels (67). Most guidelines propose to check lithium levels every 2 to 4 weeks, for the last trimester a weekly check is recommended (63, 66, 68, 69). Further monitoring is needed if patients develop preeclampsia, hyperemesis gravidarum, or suffer from fever. During the first trimester and concurrent lithium treatment, foetal ultrasound should be performed to check for cardiac malformations (63, 70, 71).


Lithium and Breastfeeding

There is a controversial debate on whether or not lithium should be continued during breastfeeding, since studies investigating its effects on the child are scarce (70). As there is an increased chance of a recurrence of BD with lithium discontinuation in general (57) and during the postpartum period in particular, a change of treatment regimen for breastfeeding is not the first choice. In support of this, Bergink (72) could verify that patients with a new episode of BD during postpartum taking lithium had fewer recurrences after 9-month postpartum compared to patients receiving an antipsychotic treatment. Most of the guidelines conclude with a negative benefit-risk ratio for breastfeeding during lithium treatment (63, 70).




Lithium in Older Age Bipolar Disorder

Patients aged 60 years and older account for a quarter of all BD patients (73). Nonetheless, pharmacological and non-pharmacological treatment strategies in these individuals are hardly studied in RCTs (74). BD patients in older age have a significantly reduced life expectancy of up to 15 to 20 years. They are at a higher risk of suffering from metabolic syndrome, cardiovascular diseases, general renal diseases and cognitive decline (75–77) compared to the general population. The lower life expectancy means that older patients may be exposed to prophylactic medication for a shorter period of time than younger patients, potentially translating to a reduced risk of long-term side effects (e.g., with regard to kidney function). Based on the available data, there are treatment recommendations for BD in older age in international treatment guidelines (31).

Lithium is considered the first line medication in older aged patients with BD in the maintenance treatment. It is recommended for the prevention of depression and mania given the evidence from adult studies, but also because the largest number of studies has been conducted for lithium in geriatric patients (73). However, due to concerns regarding tolerability and adverse events, lithium is prescribed less frequently in older individuals, although it is usually well tolerated by most of these patients (78, 79).

The randomized controlled GERI−BD trial investigated the efficacy and tolerability of lithium and divalproex in the treatment of mania in older age (60 years and above). Target serum concentrations were 0.80–0.99 mEq/L for lithium and 80–99 μm/L for valproate.

In this trial, lithium and valproic acid demonstrated to be equally effective in the 3-week follow-up (74) but lithium was more effective in reducing manic symptoms after the 9-week follow-up (74). Lithium and valproate showed a comparable frequency of side effects and were generally tolerated, providing evidence for lithium and valproate to be relatively safe with few adverse effects in BD in older adults.


Special Considerations for Using Lithium in Older Age

It is recommended that therapeutic lithium levels should be lower in patients with BD and older age (31, 80, 81). Dehydration is common in older patients and should be prevented, particularly if lithium is prescribed. Special attention should be paid, if other substances are prescribed that carry a risk of increasing lithium blood levels. Medications that should be prescribed carefully under these circumstances are diuretics, angiotensin-converting enzyme (ACE) inhibitors, angiotensin receptor blockers (ARBs), but also non-steroidal anti-inflammatory drugs (NSAIDs). Lithium blood levels and renal parameters should be checked regularly, especially at the beginning of the treatment (82, 83).

The recommended lithium levels in BD patients in older age are 0.4–0.8 mmol/L (31). For depressive episodes and maintenance therapy, serum concentrations are recommended to be low as 0.4–0.6 mmol/L (9). The recommended serum levels for the treatment of mania are indicated at 0.4–0.8 mmol/L for ages 60–79 years and a bit lower (0.4–0.7 mmol/L) for patients with the age of 80 and above (80). This is reasonable as lithium levels higher than 0.8 mmol/L may cause neurocognitive and neurological symptoms (84) and renal side effects (85). Long-term treatment with lithium is associated with a reduction of the GFR and a twofold increased risk of chronic kidney disease (86). Patients with BD in older age are consequently at a higher risk of these adverse effects after having taken lithium for several years (78). Lithium levels and renal function should therefore be controlled every 3 months in patients aged 65 and above.




Side Effects of Lithium Over the Lifespan

Lithium treatment is associated with a number of undesired side-effects that involve different organ systems. Gastro-intestinal complaints such as nausea, vomiting, and diarrhoea are relatively common. Nausea affects around 10–20% of patients, particularly in the early phase of treatment and often diminishes with longer treatment duration (87). Fine hand tremor is reported by about 25% of patients treated with lithium (88), the absolute risk increase was 9.6% compared to placebo in short-term trials [NNH = 10, (89)]. Clinically, it presents as postural tremor and its frequency and intensity correlate with lithium serum levels (90). Management mainly includes dose reduction. Pharmacological management with propranolol is recommended only in cases of severe tremor, as beta-blockers may introduce other side-effects (91).

The risk of hypothyroidism is increased 5.78-fold compared to placebo (92) and lithium may lead to increased blood calcium and parathyroid hormone levels (93). TSH and calcium levels should therefore be monitored regularly; hypothyroidism can be managed by levothyroxine substitution and is no reason for discontinuing lithium.

Cardiological harms may also arise from lithium treatment. In a recent review, the most common ECG abnormality was T wave inversion. Further alterations include QT prolongation and ventricular tachyarrhythmias (94).

Renal complications are another important concern in lithium-treated patients. A reduced concentration ability of the kidneys is associated with longer treatment duration (95) and is found in 54% to 73% of patients (95, 96). With lithium treatment, an excess decline of 15% in the kidney's ability to concentrate urine is found compared to untreated controls (92). However, as these results stem from observational data, they have to be interpreted with caution. A reduced concentration ability can manifest as a nephrogenic diabetes insipidus (NDI), clinically characterized by polyuria and polydipsia. Patients with NDI are at higher risk of lithium intoxication and should therefore be monitored more closely (97). Early detection is recommended and involves the assessment of “urine volume, frequency of urination, nycturia, thirst, and fluid intake”. Several treatment options have been suggested with limited evidence (97). In almost all cases, NDI is reversible when lithium is stopped.

With long-term use, lithium can cause chronic tubulo-interstitial nephritis, which is characterized by a decrease in the glomerular filtration rate (GFR) and may lead to chronic kidney disease (lithium nephropathy) (97, 98). While a detrimental effect of lithium on the kidneys seems certain, it remains unclear to which extend the observed decline in GFR is due to age-related renal impairment. A reduction in GFR of 0–5 ml/min is seen over 1 year and the risk of renal failure has been estimated to be about 0.5% compared to 0.2% in controls (92). A clinically relevant impairment of the renal function does usually not occur before at least 15 years of lithium treatment (99). Due to a lack of long-term studies, the evidence on lithium nephropathy is scarce and no clear recommendations regarding its management exist (97). If the kidney function is impaired, reducing the dosage or stopping lithium treatment may be necessary. Unlike NDI, renal failure may not be reversible upon lithium discontinuation.

A potential negative effect of lithium on cognition has been debated for many years. Typical complaints of lithium-treated individuals involve lethargy, fatigue, lack of mental clarity, and an inability to concentrate (100). Cognitive side effects may be a reason for non-adherence to lithium treatment (101). While BD is associated with cognitive dysfunctions, it remains unclear, to which extend these arise due to the illness or the treatment. A recent narrative review concluded that lithium may improve some cognitive functions while deteriorating others (102). Lithium negatively affects “immediate verbal learning and memory (SMD 0.29, 95% CI 0.07 to 0.51), creativity (SMD 0.34, 95% CI 0.00 to 0.68) and psychomotor performance (SMD 0.62, 95% CI 0.27 to 0.97)”, although these findings are based on relatively few patients (103). Lithium-induced hypothyroidism may be partly responsible for these cognitive deficits that can thus be counter-acted by levothyroxine substitution (104). In contrast, evidence from preclinical (105, 106) and clinical research (107) suggests that lithium may have beneficial effects on the incidence and progression of dementia. In support of this, a large population-based study found a negative correlation between lithium intake and dementia incidence (108). Patients with BD have a higher risk of developing dementia compared to the general population and lithium may be protective in these patients (109).These findings are based mainly on correlational data, however, and thus need confirmation by randomized trials.

A well-known and often unpleasant side-effect is weight gain. It is seen more often than with placebo (OR 1.89, 95% CI 1.27 to 2.82, p=0.002). Bowden et al. reported an average increase in body weight of 6 kg after a treatment duration of 1 year. Interestingly, weight gain was only observed in patients that already were obese at the beginning of the study. Among non-obese people, no such weight gain was observed (110).

Serum levels of lithium have to be closely monitored to avoid lithium intoxication, particularly in the elderly. Lithium intoxication is characterized by confusion, gross tremor (as opposed to a fine tremor as a typical side effect with therapeutic serum levels), ataxia, falls, convulsions, and gastrointestinal symptoms such as vomiting and diarrhoea. A retrospective cohort study found it to occur in around 1 in 100 person-years (111). Among 1,340 patients that were followed for 17 years, no deaths due to lithium intoxication were reported. Management includes stopping lithium, giving water (per os or parenterally), haemodialysis, and forced diuresis (111).

There are a few contraindications that need to be considered before initiating lithium treatment. These include cardiac pre-conditions such as certain types of arrythmias (e.g., Brugada syndrome), previous or current myocardial infarction and kidney failure.



Lithium and Suicidality

The life expectancy of patients with BD is reduced by about 10 years compared to the general population (112) and the mortality gap seems to be increasing rather than decreasing over the years (113). A major cause of death is suicide, which is around 20–30-fold more frequent than in the general population (114). Around 25–50% of patients with BD attempt suicide at some point in their life and around 15% of patients die of suicide (115). The prevention of suicides is therefore a pivotal goal in the treatment of BD.

Lithium has been associated with a reduced suicide risk in patients with affective disorders including BD in a number of studies with varying methodology (116–118). Long-term studies suggest a strong suicide-preventing effect with suicides being 82% less frequent during lithium treatment (119). The studies supporting this suicide-preventing effect often include observational data, however, which are prone to bias. Adherence to lithium treatment and lower risk for suicidal behavior may correlate spuriously and may at least in part not be causally related (120). Lithium treatment is likely to be introduced when patients are at their worst, followed by a period of improvement. The increase in suicide risk after discontinuation of lithium treatment may be due to rebound depression or withdrawal effects. Additionally, patients may stop their lithium medication because their health is deteriorating, while continuously adhering to their medication when they are doing well.

More reliable evidence comes from RCTs. The largest meta-analysis investigating lithium and suicidality in RCTs found a reduction in suicides from 6/241 in the placebo group to 0/244 in the lithium group, corresponding to an absolute risk reduction of 2.5% [NNT = 40, (3)]. Only one trial did not use a withdrawal design, which may introduce bias due to withdrawal effects in the placebo group. This 1-year trial reported three suicides in the placebo arm and 0 suicides in the lithium arm, making the estimate more uncertain (121)

A relationship between lithium concentrations in tap water and a reduced suicide risk has even been postulated multiple times (122), which a more recent study did not replicate (122). The mechanism by which lithium may reduce suicides is hypothesized to be the reduction of impulsive and aggressive behavior in bipolar and depressed patients. By some authors, it is thought to have a specific anti-suicide effect exceeding its mood stabilizing properties (123).

As suicides are a special case of death, all-cause mortality seems a more relevant outcome, unless deaths of other causes (such as due to lithium intoxication or kidney failure) are favored over suicides. Investigating this, Cipriani et al. included eight RCTs with 782 patients and found a reduction in all-cause mortality in the lithium group of 2.31% over an average of around 81.5 weeks (Absolute risk: 5/392 (1.28%) vs. 14/392 (3.59%), absolute risk reduction: 2.31%, corresponding to an NNT = 43). This risk reduction was rather uncertain, however, with a wide 95% confidence interval for the odds ratio of 0.15 to 0.95.

It is possible that the mortality rate of patients treated with lithium is not constant over time. Specifically, lithium-induced deaths due to harms such as kidney failure may result after year-long exposures, thereby possibly reducing the overall benefit on mortality.

As the absolute risk reduction is rather small, it seems uncertain, if lithium reduces overall mortality over a course of years, which is the usual duration of treatment.



Discontinuation of Lithium

Psychiatric patients, including patients with BD, often stop medication, e.g., due to concepts of their illness and treatment that differ from those of their physicians. A lack of insight into being ill is another reason. Furthermore, as lithium treatment is associated with adverse effects and the long-term effects on the body are insufficiently understood, many patients stop their lithium medication due to unwanted effects. The most common reasons are diarrhoea, tremor, diabetes insipidus, creatinine increase, and weight gain (124). Furthermore, lithium nephropathy can make discontinuation of lithium necessary.

Abrupt lithium discontinuation in patients stabilized on the medication is associated with severe adverse effects, such as suicidal behavior (59). In a study investigating this issue, 3 of 18 patients relapsed within 4 days after discontinuation, two of which had been stable on lithium for as long as 42 and 58 months (125). In a study of 64 patients with BD that were investigated in a naturalistic setting, the relapse risk increased from 53.3% to 94.1% (NNH = 2.5) from gradual (2–4 weeks) to rapid (< 2 weeks) discontinuation over 5 years (126). Similar results were found in a randomized trial of 161 bipolar patients. Abrupt discontinuation (1–14 days) led to a 20-fold increase in relapse rates as compared to gradual reduction (15–30 days) over a course of 3 years (37% vs. 1.8%, p < 0.0001, (59)). The median time to recurrence was decreased from 14.0 months to 2.5 months (127). The same pattern of increased relapse rates is seen in pregnant women (128).

The risk of relapse after abrupt discontinuation seems to exceed the risk before starting lithium treatment and may thus be considered an iatrogenic harm (rebound phenomenon, (129). It is therefore strongly recommended to discontinue lithium very slowly. Whether a gradual withdrawal over more than 4 weeks is more beneficial has not been investigated to date.

It is likely that rebound after discontinuation undermines the validity of relapse prevention trials, in which stabilized patients are withdrawn from lithium within a few weeks before being randomized to placebo (129). The benefit of lithium could thus be smaller than generally assumed.

If lithium discontinuation is followed by a relapse, patients may want to reinstate lithium medication. Reintroduction of lithium after discontinuation does not seem to affect treatment efficacy (130), as had been speculated by some authors in the past (131).



Conclusions

BD is a debilitating illness with an often chronic clinical course that usually requires lifelong treatment. Lithium has been used for treating BD for many years since the discovery of its antimanic properties in 1949 (132). Notwithstanding the introduction of other therapeutic agents that have led to a reduction in prescription of lithium in the past decades (133), it still remains the gold standard in the treatment of BD, particularly over the lifespan with the highest efficacy in the maintenance treatment. The proposed suicide-preventing effect of lithium is unique, while possibly being less substantiated than previously thought. It is an efficacious medication in the acute treatment of mania, while lacking efficacy in the treatment of bipolar depression. Lithium can be used for the treatment of BD in all age groups. It is effective in paediatric BD and can be used, with caution, during pregnancy. Lithium use is generally not recommended during breastfeeding, however. Older aged patients with BD also benefit from lithium, while the serum levels are recommended to be rather lower than in younger adults. Lithium is generally well tolerated. However, adverse events, such as hypothyroidism, renal dysfunctions, and cognitive side effects have to be weighed against the benefits. Special care is strongly recommended when discontinuing lithium, as rapid withdrawal may lead to severe side-effects.

In sum, lithium remains an effective and generally tolerable therapeutic agent for BD. Every clinically active psychiatrist should be able to handle lithium comfortably, such that the harms are minimized and the benefits outweigh the risks. We hope that this review helps guide practitioners and patients alike.
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Introduction

Mixed-specifier mood disorders are probably a different subgroup in terms of response to treatment, socio-demographic parameters, course, and family history. Here we describe the rationale and design of a clinical trial aimed to test the efficacy, safety, and tolerability of a non-pharmacological treatment known as theta-burst stimulation (TBS) for treating the mixed depressive episodes of both bipolar (I or II), and unipolar depression.



Methods

The study is designed as a randomized, sham-controlled, double-blinded clinical trial evaluating TBS for the treatment of moderate or severe major depressive episodes with mixed features of patients receiving at least one first or second-line pharmacological treatment for depressive episodes without adequate response. Ninety adult (18 to 65 years old) patients will be enrolled and submitted to 6-week (comprising 5 consecutive days a week sessions for the first 3 weeks and then 2 days a week for a further 3 week) of inhibitory followed by excitatory TBS in dorsolateral prefrontal cortex. Participants will be assessed using clinical and neuropsychological tests before and after the intervention. The primary outcome is change in Montgomery–Åsberg Depression Scale (MADRS) score over time and across groups. Cognitive parameters will also be assessed with neuropsychological tests.



Results

The clinical results will provide evidence about TBS as an adjunctive treatment for mixed depression treatment and neuropsychological parameters will contribute toward an improved understanding the effects of TBS in cognition.



Conclusion

Our results could introduce a novel therapeutic technique for mixed depressive episodes of both bipolar and unipolar disorders.



Clinical Trial Registration

www.ClinicalTrials.gov, identifier NCT04123301; date of registration: 10/10/2019; URL: https://clinicaltrials.gov/ct2/show/NCT04123301?term=NCT04123301&rank=1.
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Introduction

Although overlapping depressive and (hypo) manic symptoms in mood disorder have been identified from the incipient descriptions of manic-depressive illness (1), current classifications have only appeared in the 4th edition of the Diagnostic and Statistical Manual of Mental Disorders (DSM-IV) in 1994 under the name of “mixed state” in which the complete manic syndrome and complete depressive syndrome would simultaneously occur in type I bipolar disorder (BD) patient (2). Important studies carried out last decade (3–9) in different forms of overlapping depressive, manic, and hypomanic symptoms have supported the concept of mood episode with mixed features of the 5th edition of the Diagnostic and Statistical Manual of Mental Disorders (DSM-5), that can be applied to any episode of BD I or II, but also of major depressive episode of major depressive disorder (MDD) (10). The mixed features specifier at DSM-5 is characterized by the presence of at least three symptoms of the opposite pole of the predominant mood episode (Table 1) (11), excluding the “DIP symptoms”: distractibility (D), irritability (I), and psychomotor agitation (P), with the preliminary justification that such symptoms have been described in both (hypo)manic and the depressive episodes in the current classifications. Studies prior to (7–9) and later (12–15) to the publication of the DSM-5 demonstrate that the exclusion of “DIP symptoms” is not corroborated by scientific evidence. The presence of mixed features in any mood episode, especially the depressive episodes, has been associated with higher comorbidities, higher relapse rates, worse clinical outcomes, and higher suicide risk in BD patients and has been evaluated in several studies (16–20), although it has not yet been adequately studied in depressive episodes with mixed features of MDD. A recent review (21) showed that the percentage of mixed features ranged from 4.3% (22) to 58.6% (23) in BD and from 0% (22) to 34% (23) in MDD, much depending on each study criteria. These extremely wide variations may be due to the low sensitivity of the mixed feature specifier adopted by the DSM-5 (5.1%) (24).


Table 1 | Depression with mixed features specifier (DSM-5).



Transdiagnostic approaches aim to identify factors that occur regardless of the diagnostic construct that may play a role in initiating and/or maintaining different disorders. According to transdiagnostic approaches risk factors for a specific disorder may also confer risk for other disorders, especially those that share symptoms. Rather than examining risk factors for each specific disorder, this paradigm suggests that a better approach to understand the pathophysiology would be to focus on transdiagnostic factors that may contribute to the development of many forms of psychopathology (25, 26). Mixed features in the context of different mood disorders go in the same direction as this approach. Another aspect that has been recently studied and which meets these transdiagnostic approaches is the alteration of biological rhythms in mood disorders (27). Changes in chronobiological rhythms have been described in both MDD and BD (28). The investigation of changes in biological rhythms in depression with mixed features of MDD or BD has not been adequately investigated (29, 30).

Repetitive transcranial magnetic stimulation (rTMS) is widely known treatment option for MDD (31). A recent rTMS meta-analysis in the treatment of depressive episodes indicates that the technique yields statistically significant results improving 30% of patients receiving active excitatory rTMS compared to 10% of patients receiving sham treatment (analysis based in 29 randomized, double-blind, and controlled clinical trials) (32). Recently, a new form of rTMS, the theta-burst mode stimulation (TBS) was introduced and appears to produce at least similar effects on brain activity than standard rTMS (33–36). In addition to greater efficacy, the reduced duration of administration may be another advantage of TBS compared to conventional rTMS procedure, standard TMS sessions last about 45 min, whereas TBS requires less than 10 min of stimulation (33, 37). There are two types of TBS stimulation: intermittent (iTBS) and continuous (cTBS), with facilitating and inhibitory effects, respectively (36). Recent evidence is growing about TBS use in treatment resistant depression (38). Despite the growing number of studies on BD neuroimaging in recent years, the brain regions involved in mood dysregulation in episodes with mixed features have been poorly studied. If some neurofunctional abnormalities appear to be independent of mood state, others appear to be preferentially associated with mania or depression involving the amygdala and other limbic regions, as well as frontal ventral regions, with possible hemispheric lateralization of these anomalies according to mood state patient (36). The few mixed state neuroimaging studies so far support the hypothesis of lateralization of brain abnormalities in relation to bipolar symptomatology, suggesting that neurofunctional abnormalities preferably located in the frontal and limbic areas of the right hemisphere may be associated with the depressive component whereas abnormalities similar left regions would be associated with the manic component (39). Few studies have evaluated the efficacy of TMS in mixed depressive states alone. A recent open study has shown that low frequency (inhibitory) of repetitive (non-TBS) TMS on the right dorsolateral prefrontal cortex (DLPFC) for 3 weeks led to a response and remission rate of 46% and 28%, respectively, in depressive episodes with mixed features of type I BD (40). On the other hand, a study with TBS modality showed that bilateral stimulation (right cTBS and left iTBS) produced greater results in treating major depressive episodes of MDD than unilateral stimulation (41).

As the DSM-5 definition of mixed features has been recently published, treatment guidelines that provide recommendations for treating mixed episodes are still limited (42). Some authors suggest that data from clinical trials using mixed episodes defined by DSM-IV-TR may guide the treatment of mood episodes with mixed features defined by DSM-5, but with certain caveats (42). The DSM-IV definition of mixed episodes was restrictive and as such cannot be applied to the current definition of mixed states in DSM-5, with the caveat that the current definition does not yet understand DIP symptoms and that recent studies shows that DIP symptoms are likely to be cardinal symptoms of mixed states (17). In addition, these previous studies were conducted in patients with bipolar I disorder, whose results cannot be applied to mixed states of BD II and MDD (43). Mixed specifier of mood disorders (TB and MDD) are probably a different subgroup in terms of clinical response to treatment, socio-demographic parameters, course (frequency of recurrences, predominant polarity, etc.), and family history (44).

The main objective of this study is to evaluate the efficacy and safety of TBS as an add-on treatment for mood stabilizers (in BD I and II) or antidepressants (in MDD) in moderate and severe major depressive episodes with mixed features. Therefore, TBS will be combined to pharmacological treatments of patients who are adequately treated with first or second-line drugs to treat a mixed depressive episode of either MDD (antidepressants) or BD (mood stabilizers), according to CANMAT, and still present with moderate or severe mixed depression. In addition, the study aims to evaluate the impact of restrictive (without “DIP symptoms”) and broad (considering “DIP symptoms”) criteria on treatment-related factors and other clinical features.



Methods


Design and Study Population

This will be a randomized, double-blind, sham-controlled, 6-week clinical trial, comprising 5 consecutive days a week sessions for the first 3 weeks and then 2 days a week (interval at least 1 day between sessions) for a further 3 weeks of active or sham TBS. The study will be conducted at the Institute of Psychiatry of the School of Medicine of the University of Sao Paulo (HCFMUSP). The study will be conducted in accordance with the principles established by the Declaration of Helsinki (45) and the American Document of Good Clinical Practice (46). This protocol have been published in www.clinicaltrials.gov with the number NCT04123301.

Ninety adult patients aged 18 to 65 years with a diagnosis of type I BD, type II BD or MDD in moderate or severe depressive episode (according to DSM-5 criteria) with mixed features (according to DSM-5 criteria plus symptoms of distractibility, irritability and psychomotor agitation). The diagnosis will be confirmed by the Portuguese version of the structured interview of DSM-IV (Structured Clinical Interview—SCID IV) (47) modified with the DSM-5 criteria and specifiers without the exclusion of symptoms distractibility, irritability, and psychomotor agitation, since there isn't a Portuguese version of the SCID of DSM-5. Recruitment strategies will include referrals from other doctors and advertising at internet and newspapers. Participants will be randomized using a computer generated list for one of two intervention groups (in a 1:1 ratio) to the active or sham TBS group. Allocation masking will be done by sequentially numbered cards that will determine which group each patient belongs to. The card determines whether the coil to be used will produce active or sham stimulation. A person not directly involved in the clinical trial will be responsible for delivering the sham or true coil according to randomization, remembering that the coils are physically identical and have similar sound properties and stimuli. Participants and staff will be unaware of the status of allocation groups.



Inclusion and Exclusion Criteria

Eligibility criteria is the presence of manic polarity symptoms during a moderate or severe depressive episode of BD I, BD II or MDD. We set the Montgomery–Åsberg Depression Rating Scale (MADRS) (48) with a score between 20 and 34 points for the definition of moderate major depressive episode and above 34 points for severe major depressive episode. The definition of major depressive episode with mixed features will be performed using the Young Mania Rating Scale (YMRS) (49) with ≥1 point on three or more items according to criteria used in the International Mood Disorders Collaborative Project (12) and consist with other definitions of depression with mixed features (50–53). Patients will be included in any appropriate pharmacological regimen (first or second line) according to the Canadian Network for Mood and Anxiety Treatments (CANMAT) guidelines to treat a major depressive episode of MDD or BD (I or II) (54, 55) and still have mixed depressive symptoms, so that TBS will be applied as an add-on treatment. We will not make adjustments to patient treatments, we will only enroll patients that are already on a stable psychopharmacological regimen (at least one month) of first or second line according to CANMAT but with no response/remission or partial response (still meeting inclusion criteria). The pharmacological regimen should be maintained on the same schedule and dosage from the beginning to the end of the study and patients will not be in a psychotherapy regimen. Drugs such as benzodiazepines will only be allowed at low doses (less than 3 mg per day of lorazepam or equivalent). Exclusion criteria will be: concomitant diagnosis of other neuropsychiatric disorders such as: schizophrenia, dementias, mental retardation, organic mental disorder, or epilepsy; psychotic depression; acute suicide ideation (assessed by interview and clinical evaluation); suspected or confirmed pregnancy; women in breastfeeding; severe or unstable clinical disease; specific contraindications to TBS (previous epileptic seizures; change in electroencephalogram at some point in life; previous stroke; previous severe TBI (with neurosurgery); metallic object on head (except mouth) as projectile piece, surgical clip, welding fragments; any implanted device (cardiac pacemaker, intravenous catheter). Personality, anxiety, and substance use disorders will be allowed as comorbidity provided the primary diagnosis is BD or MDD.

Clinical assessments will be conducted weekly until the end of week 3 and thereafter a final assessment will be conducted at the end of week 6. Adverse events will be evaluated every day during the first week and then once a week until the end of the week 6. The neuropsychological assessment battery will be applied before the patient is stimulated and at the end of the week 6 of intervention (Table 2).


Table 2 | Measurement outcomes over time.





Study Hypothesis

The main hypothesis of this study is that the active TBS on the right and left DLPFC in patients with mixed depression can produce a greater and statistically significant reduction in the primary outcome scale (MADRS) compared to sham TBS. Other aims of the study will be evaluate: TBS safety and tolerability; socio-demographic and clinical profiles; impact of DSM-5 mixed features with and without DIP symptoms; impact of DSM-5 anxiety features; impact of biological rhythms in mixed depression; impact of impulsivity on mixed depression; and impact of mixed depression in functionality.



Measurement of Variables and Outcomes

This study will analyze:

	Socio-demographic variables: age, gender, marital status, number of children, years of education, income status;


	Clinical features along the life: medical and psychiatric comorbidities, daily consumption of coffee or black tea or energy drink or cola or tobacco, family history of mood disorder, psychotherapy at the moment, electroconvulsive therapy in the past, number of mood episodes, number of previous hospitalizations, predominant polarity (manic, hypomanic or depressive), previous depressions specifier (melancholic or atypical), past of psychotic depression;


	Depressive symptoms at the present episode: depressed mood, anhedonia, increase or reduction in appetite, insomnia or hypersomnia, psychomotor retardation or agitation, fatigue/loss of energy, impulse reduction such as indecision, procrastination, abulia, excessive or inappropriate guilt, low concentration, thoughts of death, suicidal thoughts or suicide attempts);


	DSM-5 mixed features (hypomanic symptoms during depression): reduced need for sleep, acceleration of thoughts or flight of ideas, grandiosity or high self-esteem, increased energy or directed activity, pressure to speak or flight of ideas, increased impulsivity (sex, expenses/gifts/donations; games/bets; mobile use/internet use, drugs, stimulant substances as coffee, energy drink or amphetamines, smoke, abuse of painkillers, anxiolytics, muscle relaxing drugs and hypnotics, food compulsion, love obsession, excessive jealousy, impulsive change of look, tattoos and piercings, work or study compulsion) without and with DIP symptoms (distractibility, irritability and psychomotor agitation);


	DSM-5 anxious features: apprehensive expectation, tension or worry, feeling restless, difficulty concentrating on worrying thoughts, fear that something terrible might happen, feeling that you can lose control of yourself;


	Other suggestive symptoms of mixed depression: intensification of depressed mood characterized by anguish, distress, despair or restlessness, high mood lability, hyper reactivity to environmental stressors, sleep-wake cycle dysregulation characterized by difficulty turning off at night and getting out of bed in the morning, auto-aggressiveness or self-mutilation.




Primary outcome will be change in MADRS from baseline to week 3. Secondary outcomes will be: change in YMRS at the end of week 3 and 6 of treatment; response rates (50% or more of reduction in MADRS at the end of weeks 3 and 6 of treatment); remission rates (MADRS <11 (56) at the end of weeks 3 and 6 of treatment); change in anxious symptoms assessed by Hamilton Anxiety Scale (HAM-A) (57) at the end of weeks 3 and 6 of treatment; change in overall clinical impression assessed by Global Clinical Impression of Severity (GCI-S) (58) and Global Assessment of Functioning (GAF) (59) at the end of weeks 3 and 6 of treatment; change of functionality assessed by abbreviated version of the World Health Organization questionnaire (WHOQOL) (60) at the end of weeks 3 and 6 of treatment; change of biological rhythms assessed by the Biological Rhythm Interview of Assessment in Neuropsychiatry (BRIAN) (61) at the end of weeks 3 and 6 of treatment; change of impulsivity assessed by Barratt Impulsivity Scale (BIS-11) (62) at the end of weeks 3 and 6 of treatment; association between the chronotype assessed by Morningness–Eveningness Questionnaire (63) and the severity of mixed depression assessed by MADRS; and change in neuropsychological battery parameters before and at the end of the intervention (6 weeks).

Serious adverse events associated with the technique such as seizures is very rare if standardized pacing parameters are used (64). The most commonly observed side effects are facial muscle contractions, mild headache and facial pain. Other side effects include tinnitus, dizziness and nausea (65). To assess side effects, we will use a standardized scale by our service that tracks common side effects in transcranial magnetic stimulation (headache, cervical pain, physical tension, scalp pain, scalp burning, dizziness, nausea, hearing impairment, difficulty of concentration, mental confusion, positive mood, negative mood, convulsion). Data will be quantified for the presence of symptoms (1—absent, 2—mild, 3—moderate, and 4—strong) and for the relationship that the patient attributes to the stimulation (1—none, 2—remote, 3 – possible, 4—probable, and 5—definitive). Concomitantly we will assess side effects by the Udvalg for Kliniske Undersøgelser Side Effect Rating Scale (UKU-SERS) (66). This scale assesses side effects related to psychiatric symptoms, neurological symptoms, autonomic symptoms, and other symptoms. The severity of each item varies in levels from 0 to 3. Blinding efficacy will be assessed at the end of week 6 by asking TBS appliers and participants about their allocation group.



Randomization and Allocation

The randomization list will be created through the website www.randomization.com and a block randomization will be performed to allow the permutation of the order and size of the blocks. Each patient allocation will be performed using opaque envelopes, sealed and labeled with a random number assigned to the participant. Envelopes tell you if the participant receives active or sham treatment, according to the code on envelope.



Intervention

TBS sessions will be performed using MagPro X100 TMS device (Magventure, Lucernemarken, Denmark) and Cool-B65 A/P (Magventure, Lucernemarken, Denmark) coil. An identical butterfly coil for both active and sham stimulation will be used. The coil will be positioned over the DLPFC and the cortical location will be obtained through anatomical measurements (F3 and F4 positions determined by the 10–20 Electroencephalographic International System) on the right and left. As most mixed depressive episodes are resistant to drug treatment and there are no clinical trials evaluating TBS specifically in mixed depressive episodes so far, we replied a study protocol (41) that evaluated TBS in resistant major depressive episodes of MDD. The bilateral TBS sections will be applied in the following order: first inhibitory stimulation—cTBS—in the right DLPFC followed by excitatory stimulation—iTBS—in the left DLPFC with the following parameters: in cTBS bursts of three pulses at 50 Hz (20-ms interval between stimuli) will be applied continuously for 120 s totaling 1800 pulses in the right DLPFC and iTBS bursts of three pulses at 50 Hz (20-ms interval between stimuli) will be applied for 2-s duration repeated every 10 s for a total time of 570 s also totaling 1800 pulses in the left DLPFC, both with 80% of visual motor threshold (64). We will use a magnetic stimulator device (MagVenture©, United States) in study mode for double-blind trials. Participants will perform one session a day over five consecutive days (Monday to Friday) at the first, second and third weeks and then sessions 2 days a week, with an interval of at least 1 day between sessions, for a further 3 weeks of active or sham TBS.



Blinding

As this is a double-blind study, both the investigators who will perform the clinical evaluations, the researchers who will perform the TBS sessions, and the participants will not be aware of the treatment given to each participant until the end of the study.



Sample Size Calculation

There are no studies on mixed depression using neuromodulation techniques, so that we used a study that used a similar methodology (bilateral TBS) (41) for treatment-resistant unipolar depression that found a reduction of 52.5% of the depression scale for the active group and a reduction of 17.4% of the depression scale for sham group (F/X2 = 6.166). The sample size calculation took into account this measure of effect size obtained in the study cited and was performed with Stata® Statistical Software. The total number of participants we calculated was 82 participants, taking into account 90% power and 5% alpha. As this is a long term study we estimate a dropout rate of 10%, similar to recent studies in this field (37). Thus, we will need to recruit 90 patients, 45 participants in each group (active versus sham).



Statistical Analysis

Statistical analyses will be performed using Stata® (67) and the Statistical Package for the Social Sciences—SPSS® (68). The overall significance level for this study will be 0.05 using two-tailed tests. The study results will be analyzed for two patient populations: the intention-to-treat (ITT(and the per-protocol (PP) analysis set. The ITT set will include all subjects who met the study eligibility criteria and received at least one week active/sham TBS treatment. The PP population thus will include all subjects from the ITT set who receive the protocol-specified treatment and complete the 6-week treatment regimen or withdrew before completion per the study protocol. Comparisons of baseline demographic and clinical characteristics and safety assessments will be performed on the ITT analysis set. The primary efficacy analysis will be performed using the PP analysis set.

Comparisons of baseline demographic and clinical characteristics between the study groups will be performed to ensure that the groups are balanced at baseline and that the randomization is successful. For comparison of means (continuous variables), the two-sample t-test or a nonparametric equivalent will be used. For comparison of proportions (categorical variables), the chi-square test or Fisher's exact test will be used, as appropriate. The change in MADRS total score from baseline to week 3 (primary endpoint) will be compared between the treatment groups using a linear mixed model (69) with a continuous dependent variable (MADRS score) to measure the primary outcome. For primary outcome subject will be the random effect and the fixed factors will be intervention (sham × active). Secondary outcomes will also follow the same pattern and the scales' scores will be the random effect and the fixed factors will be intervention (sham × active). Since patients will be taking different medications and dosages, the defined daily dose (DDD) will be used in the statistical analysis. This enables the inclusion of several medications and doses in the model, as medication groups (e.g., antidepressants, anticonvulsants, etc.).



Cognitive Assessments

Participants will be assessed before the TBS sessions and at week 6 with the Psychology Experiment Building Language tests (PEBL) (70) and the E-prime Software (Psychology Software Tools Inc.) (71) using the following tests: Trial Making Test (TMT-A, TMT-B), PEBL computer version (70); Digits test, PEBL computerized version (70); Berg's Wisconsin 64 Card Sorting Test, PEBL computerized version (70); Iowa Test, PEBL computerized version (70); Tower of London Test, PEBL computerized version (70); Cued Emotional Control Test (CECT), E-Prime Software (71); and Internal Shift Task (IST), E-Prime Software (71). Neuropsychological assessment will be applied by trained, blinded neuropsychologists in relation to treatment groups. The assessments will occur at the baseline and at the end of the sixth week after the beginning of the study, with the purpose of evaluating the cognitive performance, with and without emotional valence (cold and hot cognition), for cognitive domains such as: working memory, cognitive flexibility, decision making, processing speed, attention, and inhibitory control (72). An assessment battery of approximately one and a half hours was planned, with the possibility of a 15-min break at half time.



Reasons for Withdrawal or Termination

Patients will be withdrawn from the study if they meet one or more of the following criteria:

(1) Leave the study on their own accord;

(2) Two consecutive visits OR three or more non-consecutive visits;

(3) Have severe clinical or psychiatric events (at clinical assessment) during the study:.

These criteria will be analyzed on a case-by-case basis according to the clinical assessment that the psychiatrist may be considering. Examples of serious clinical events are: neurological deficits, cardiovascular deficits, endocrine decompensation, loss of consciousness, syncope; and others. Examples of serious psychiatric events are: suicidal ideation, suicide attempt, autoaggressiveness (self-mutilation), hetero-agressivity, severe anxiety, severe psychosis, etc.

(4) Serious adverse effects (at clinical assessment) during the study:

These criteria will be analyzed on a case-by-case basis according to the clinical assessment that the psychiatrist may be considering. Examples of serious adverse effects: severe or frequent headaches, severe cervical pain, severe scalp pain, severe scalp burning, severe dizziness, severe nausea, and seizures.

(5) Worsening of depressive (>25% on the MADRS) or manic (>50% on the YMRS) symptomatology at the end of each week of treatment.

Patients with worsening scores on depressive symptom scales (increase on MADRS scores greater than 25%) or manic symptoms (increase on YMRS scores greater than 50%) at the end of each intervention week (compared to the previous week).

Patients who discontinue the study will be referred to the psychiatrist who referred the study for appropriate follow-up and management of the disease.




Discussion

Here we provided the study protocol of a randomized controlled trial (RCT) that will evaluate the efficacy of TBS for the treatment of mixed depression of both bipolar and unipolar disorders. To the best of our knowledge, this is the first study in this field. Will be applied 21 sessions of bilateral TBS, comprising first inhibitory stimulation delivered by cTBS in the right DLPFC followed by excitatory stimulation delivered by iTBS in the left DLPFC, totalizing 3600 pulses. We performed sample size calculation based on the effect size found in the most similar clinical trial found in literature (41). The CANMAT guidelines provide the first- and second-line adequate treatments to treat both unipolar and bipolar depression (55). So far, there is no scientific recommendations to treat mixed depression. So that, we will include patients in a regular use (at least 30 days) of a first or second-line treatment of a CANMAT treatment and still presents with a moderate or severe major depressive episode. Patients with different drug treatments will be included, which will significantly increase the external validity of the results (73).

Previous studies indicate that mixed features population have distinct clinical and treatment response characteristics and has been associated with higher comorbidities, higher relapse rates, worse clinical outcomes, and higher suicide risk (51, 74, 75). We defined the MADRS (48) to assess depression symptoms and YMRS (49) to assess maniac symptoms. While some studies defined mixed depression considering YMRS ≥ 4 points (51, 74), recent data suggests that YMRS with ≥ 1 point on three or more items according are appropriate to classify this issue (12). Although any RCT with TBS has been performed so far in mixed depression, one clinical trial evaluated the efficacy of bilateral TBS in refractory non-mixed depression (41). Our RCT differs from this one in several ways, including a larger sample size (90 vs. 60) and comprising mixed depression presentation of both BD and MDD. In addition to the primary outcome that will assess the efficacy of TBS in mixed depression, this study will evaluate the effect of this technique on anxious symptoms, impulsivity, biological rhythms, functionality, quality of life, and cognition, the latter through a computerized neuropsychological battery.

We are aware that our study has some limitations. The current study will be an add-on TBS study, in spite of the randomized and sham-controlled design. It has been reported that add-on repetitive TMS treatment could enhance the clinical responses to antidepressants (76), therefore, the observed responses to TBS could partly result from modulation of the effects of the medications that patients were using during the TBS treatment. However, before we have solid evidence to support the antidepressant efficacy of TBS, the add-on design is more ethically sounded and could provide more real-life data. The concomitant medications will not be allowed to be changed and will be their original medication regimen which they had failed to respond to. Someone could consider mixed sample (BDI, BDII and unipolar depression) a limitations of the study, however last decade evidence corroborated the change that occurred in the DSM-5 in which the old mood episode called “mixed state” (only allowed in bipolar I disorder) was removed and changed into a mood specifier that can be applied to major depressive episodes of both bipolar I disorder, bipolar II disorder, and MDD (unipolar depression). This change suggests that the major depressive episodes of these diseases are similar in terms of clinical presentation, so much that the specifier “with mixed features” (mixed depression) can be attributed to all of them. The fact that these are different diseases might not affect the treatment of the acute depressive episode, similar to what we observe in antidepressants use to treat acute depression of MDD, bipolar II disorder and even bipolar I disorder (protected by mood stabilizers) (55). Thus, consolidating a recent transdiagnostic approach to psychiatric diseases, our objective is also to verify whether the same clinical presentation (mixed depression) could be treated in the same way with TBS regardless of the diagnosis, since all patients will be in a moderate or severe mixed depression.



Conclusion

This study will investigate the efficacy of TBS for the treatment of mixed depression using a randomized, double-blinded, sham-controlled design. Both clinical information and standardized scales will contribute to best understand of mixed depression and their relationship with treatment. At the time of submission, recruitment has not been completed.
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This paper focuses on depression that precedes an onset of manifest bipolar disorder as early stage bipolar disorder. First, we review how to pragmatically identify the clinical characteristics of patients presenting with an episode of depression who subsequently go on to develop episodes of mania or hypomania. The existing literature shows a strong consensus: accurate identification of depression with early onset and recurrent course with multiple episodes, subthreshold hypomanic and/or mixed symptoms, and family history of bipolar disorder or completed suicide have been shown by multiple authors as signs pointing to bipolar diagnosis. This contrasts with relatively limited information available to guide management of such “pre-bipolar” (pre-declared bipolar) patients, especially those in the adult age range. Default assumption of unipolar depression at this stage carries significant risk. Antidepressants are still the most common pharmacological treatment used, but clinicians need to be aware of their potential harm. In some patients with unrecognized bipolar depression, antidepressants can not only produce switch to (hypo)mania, but also mixed symptoms, or worsening of depression with an increased risk of suicide. We review pragmatic management strategies in the literature beyond clinical guidelines that can be considered for this at-risk group encompassing the more recent child and adolescent literature. In the future, genetic research could make the early identification of bipolar depression easier by generating informative markers and polygenic risk scores.
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Introduction

Of people presenting with an episode of major depression, a certain proportion may in reality be suffering from depression that is of bipolar type. This could be for several reasons: 1) in many if not most cases bipolar disorder starts with symptoms of depression and first hypomania/mania may not appear until years later; 2) depression is considered a part of the bipolar genetic spectrum and thus some forms of depression are conceivably variants of bipolar disorder, particularly in those with a strong family history; and 3) previous episodes of hypomania or even mania may be missed in some patients.

In this paper we will deal with the first two possibilities acknowledging that we currently mostly misidentify first episode and early stage bipolar disorder (BD) when it presents as depression (“pre-bipolar depression” meaning depression before it is realized that it is bipolar by virtue of an ensuing hypo/manic episode) by defaulting to unipolar disorder. We will review the literature relevant for the best identification of depressive episodes in probable early stages of bipolar disorder that is prior to manifest (hypo) mania and suggest a pragmatic cost/benefit approach to management that handles uncertainty of final diagnosis to come.



Polarity at Onset and Interval From First Depression to First Mania

Depressive episodes are common at the onset of bipolar disorder as shown in both retrospective and prospective studies. The proportion of those with a depressive index episode varies between different studies, but consistently is over 50% (range of 50%–80%). Family data suggest that the polarity at onset is possibly a heritable trait and may identify separate genetic subtypes of bipolar disorder (BD) (1).

The advantage of retrospective studies is usually their large sample size. On the other hand, they are prone to recall bias and especially less severe episodes are more difficult to remember. For this reason, prospective follow-up of young people at risk of bipolar disorder is valuable in mapping the early course more accurately. Repeated careful clinical assessments allow for detection of less severe mood states that might be overlooked in retrospect. Several such long-term cohort studies are described in the literature and practically all document high rates of depressive onsets. For instance, in the Canadian high-risk study major depression was reported as the initial episode in 58% of at-risk individuals and depressive disorder not otherwise specified (NOS) in another 19% while the remaining 23% of onsets were divided between mania, hypomania, and cyclothymia (2). Similarly, in the Dutch bipolar offspring cohort, 108 participants were followed for 12 years. At the second assessment, 15 out of 17 who had a diagnosis of bipolar disorder had an index episode of depression or dysthymia that preceded the first (hypo)mania by an average of 5.6 ± 4.4 years (3). In the Pittsburgh high-risk study, 25 out of 36 offspring diagnosed with bipolar disorder had a previous history of depression (4). And finally, several other high-risk studies that reported cross-sectional prevalence of mood disorders found especially high rates of depression in children of parents with bipolar disorder, reviewed by Vandeleur (5). See also a review of high-risk studies, prospective and retrospective by Vieta et al. (6).

Some studies suggest that there is also a difference in the manifestation of early depression depending on the family history. In the Pittsburgh high-risk study, those at risk of bipolar disorder had depression that was more severe with more prominent atypical symptoms, especially hypersomnia, fatigue, psychomotor retardation, and sense of hopelessness (7).

A related variable describing the early course of BD is the interval from first depression to mania or hypomania. This also tends to vary considerably both within and between studies. Thus, Berk et al. (8) reported an average of 7.6 ± 8.7 years and Cha et al. 5.6 ± 6.1 years (9). In both cases the interval is not only lengthy, but also highly variable between individuals. Murru et al. found the duration of untreated illness over 6 years on average and those with a longer untreated interval had more typically younger onset, predominantly depressive polarity, more chronic course, and more frequent comorbid conditions (10).



Conversion From Major Depression to Bipolar Disorder

Another group of observations relate to longitudinal cohorts of people initially diagnosed with major depression. Given a sufficient length of follow-up, a certain proportion of them will convert to bipolar I or bipolar II disorder. The longest such observation comes from the Zurich cohort of Jules Angst. He and colleagues showed that after an initial somewhat steeper rate of conversion, from the 5th year onward the proportion of those who developed a manic episode was about 1% per year and hypomanias occurred at a rate of 0.5% per year (11). Coryell et al. (12) observed conversion to mania and hypomania each in about 5% of patients previously diagnosed with depression and followed for 10 years. These rates are only marginally lower than the Angst data. In another long-term prospective cohort of patients with major depression followed for an average of 17.5 years, the rate of new onsets of mania was 7.5% and hypomania in 12.2%. The risk was associated with symptoms of psychosis and subthreshold hypomanic symptoms during the depressive episodes as well as early onset of depression (13). In a population cohort of 3012 young community participants, 3.6% of people with an initial depression were re-diagnosed with bipolar disorder after a period of up to 10 years, but the risk was substantially higher at 9% in those with onset of depression before the age of 17 (14). Finally, in a large population database study, the cumulative incidence of conversion was 8.4% over an average of 7.7 ± 5.4 years with the strongest predictors being the parental diagnosis of BD, psychotic depression, prior diagnosis of psychosis, and inpatient treatment for the index episode (15).



Bipolar Depression in Absence of (Hypo)mania

However, not all with bipolar depression ever develop a manic episode. In some of them family history of BD is an indication that their depression is of a different type. Blacker and Tsuang estimated that about two-thirds of unipolar relatives of bipolar probands in fact had bipolar depression (16). It is to be noted that the distinction between this group and those that convert is somewhat artificial. The length of follow-up is clearly an issue—cf. the Zurich study in which some patients changed their diagnosis even after 50 years (11).



Identification of Clinical Features That Can Help Identify Pre-Bipolar Depression

In the above sections we discussed the features of depressive episodes that, in retrospect, preceded a confirmed diagnosis of bipolar disorder or differentiated those with established diagnoses of BD versus unipolar depression. Clinicians, however, face a different task. They need to decide whether a patient presenting with depression might be suffering from bipolar depression and if so, what implications this has for clinical management.

There are no definitive criteria or biomarkers for depression preceding first episode hypo/mania and some would argue that it is unipolar depression until it converts. In this view, antidepressant induced switch is a helpful hint to alter course of treatment. The alternative view is that our goal is to better identify probable bipolar disorder at first/early episode depression, particularly in high risk families, cause no harm, and positively impact the long-term course of illness. In this latter approach, a staging strategy to enrich the data collected at a research level and a clinically useful cost/benefit strategy at a clinical level is imperative. One approach to depression at least in youth is to assign no polarity (unipolar or bipolar) until several episodes have occurred but this will not do justice to those who convert late or not at all.

Table 1 provides a summary of clinical variables helpful in distinguishing unipolar and bipolar depression, using a triad of family history, course of illness, and symptoms.

Table 1 also denotes those clinical features that are identifiable for the clinician relying on criteria as per Diagnostic and Statistical Manual (DSM).


Table 1 | Potential predictors of bipolar course in comparison to unipolar course [see also (17–22)].





Assessment of Family History

Of this triad, the most robust predictor is family history of bipolar disorder, especially in early onset youth. Family history of completed suicide along with male sex are the only known predictors of completed suicide in this group (6). The most valuable course predictors are recurrence and early age of onset of depressive symptoms. The most consistent symptom-related factors are subsyndromal hypo/manic symptoms (mixed symptoms) and mood lability (6).

Family history, like recurrence and age of onset of first symptoms are readily available to the clinician who spends some time. It is often the first piece of information presenting to the treating clinician before any treatment commences. However, poor quality of family history information in routine clinical practice is a frequent critique in the literature (23, 24). While earlier studies endorsed under reporting of indirectly collected family history bipolar, the recent colloquialization of the term “bipolar” has led to concerns in the opposite direction (https://ibpf.org/articles/please-stop-saying-bipolar-when-you-mean-unpredictable-or-broken/accessed2020-02-16) (http://www.vh1.com/news/261723/bipolar-disorder-hollywood-misconceptions/accessed2020-02-16) (25).

Family study of individual family members with structured interviews is the most accurate method for research, with family history from a tool such as the Family History Research Diagnostic Criteria method (FH-RDC) from as many informants as possible providing a more accessible although less sensitive tool (26). Finally, there is some evidence for the Family History Screen which provides information on 15 psychiatric disorders including mania and takes 5–20 min, depending on complexity (27). Table 2 provides clinical advice on verification of a patient report of family history bipolar disorder.


Table 2 | Factors to consider in assessing family history of hypo/mania from an informant.





Assessment of Course of Illness

There is little difficulty for the clinician in assessing early onset and recurrent episodic depression along with seasonality and hormonal status, and changes in the course of illness over time as long as attention is paid to past and prospective course in a methodical manner. This is imperative where there is early onset or a family history of bipolar disorder.

Pictorial graphing representation of the episodes can be particularly helpful and the patient can be engaged in the maintenance phase in depicting this (for example, see: https://bipolarnews.org/wp-content/uploads/2010/07/Patient-Retrospective-Manual.pdf accessed 04/27/2020). Unfortunately the use of pictorial graphing of episodes tends to be siloed in the bipolar disorder literature although it is helpful for both unipolar and bipolar illnesses and hence the pictorial representation of course tends to start with a hypo/manic episode and work backward. Staging models of bipolar disorder which identify depression as prodromal or non-specific or at increased risk of bipolar disorder (i.e. identify it as unipolar depression before it “converts”) are evolving and not currently yet of clinical help to the clinician's dilemma (28).



Assessment of Mixed Symptoms

The assessment of mixed/hypomanic symptoms interspersed in a depressive episode is at best a challenge for the clinician when looking for guidance from the literature with both broad and narrow interpretations of mixed symptoms, variably defined in DSM and the broader literature, and a more specific unique mixed syndrome most notably propounded by Koukopoulos (29). DSM V mixed symptom specifier is the most restrictive diagnosis requiring three mixed hypomanic symptoms, excluding the overlapping symptoms of psychic and motor agitation, irritability, and distractibility (30). These above excluded symptoms, along with mood lability, the broader–irritability-anger-hostility continuum and an impulsive suicidality are considered the core of mixed state by many others (29, 31–33).

A broad assessment of DSM V criteria for major depression and hypo/mania along with mood lability and an irritability-anger –hostility factor without a priori assignment to pole may be most valuable to the clinician in assessing baseline and progression of illness state with or without treatment intervention. Of those tools available for assessment of mixed symptoms, the Zimmerman scale matches DSM V criteria for mixed symptom specifier (34).

Other continuous (between poles) assessment can be used such as using the Young Mania Rating Scale, along with the Montgomery-Asberg Depression Rating Scale (includes the irritability-hostility dimension but does not include lability or impulsivity (35, 36) and various structured interviews such as the Structured Clinical Interview for DSM or The Schedule for Affective Disorders and Schizophrenia).

There are a large number of other criteria and scales for mixed symptoms which variably include (37–39) and exclude the three overlapping DSM symptoms (39). They also include other symptoms and validate exclusion of some of the more frank manic symptoms of DSM mixed symptom specifier such as euphoria, less commonly found in mixed depression—see the Koukopoulos Mixed Depression Rating Scale (40).

Patients with manic symptoms can be more averse to reporting to the clinician and benefit from self-reporting scales of mania include the Altman scale and the Internal State scale (41, 42).The hypomania checklist (HCL 32) has been used specifically in major depression with mixed features (43). Sachs has published a combined DSM V clinical monitoring form (includes overlapping symptoms) and speaks to the need for careful and detailed assessment and follow-up (44, 45). Other scales include family history of bipolar disorder as a validating criterion, e.g. (46). Summary recommendations for assessment and monitoring are given in Table 3.


Table 3 | Assessment and monitoring of major depression with family history of bipolar disorder or suicide.





Pragmatic Management of Possible/Probable Pre-Bipolar Depression

There is now largely an acceptance that bipolar and unipolar depression are treated differently with overlap for a minority of bipolar I and some bipolar II depressions that may be pharmacogenetically distinct in response to antidepressants (47). It is accepted that bipolar depression with mixed features should not be treated with antidepressants (37, 47). What then of possible pre-bipolar depression/a depression with family history of bipolar disorder or early onset of depression with mixed symptoms or both? Recent clinical Practice Guidelines on major depression have been largely silent on the topic of potential bipolar depression, ignoring familial risk of bipolar disorder as a key consideration (48–51). The exception is the original Royal Australian Guidelines on mood disorders, a merger of unipolar and bipolar illnesses. By virtue of approaching the disorders in this unitary fashion, the management approach views the unipolar depressive episode as either unipolar or unknown bipolar, pays attention to differentiating symptoms and course factors and emphasizes family history of bipolar disorder as raising the “index of suspicion”. It emphasizes approaching the diagnosis as provisional to be clarified over time and acknowledges the possibility of iatrogenic worsening. It also emphasizes the close relationship between highly recurrent episodic depression and bipolar disorder which opens up the exploration for the treating psychiatrist that the episode of depression is unipolar but may respond pharmacologically similar to bipolar depression (52).

In contrast, recent treatment guidelines for children/adolescent depression are much more attentive to factoring family history of bipolar disorder into the assessment, gathering collateral history and providing detailed psychoeducation to families regarding potential bipolar outcomes (53, 54). There are several obvious reasons for this. Firstly, early age of onset is among the more solid predictors of bipolar depression and risk of manic switch in youth is 4.5 times greater than in adults (55). Mixed manic symptoms interspersed with depression are more common in youth (56). It is more firmly accepted that antidepressants can cause harm in adolescent depression with new onset of or increase in irritability, impulsivity and agitation, suicidal thinking, and behavior as well as the broader phenomenology of “activation” (53, 54, 57, 58). There are several long-term prospective cohorts of children with familial risk ongoing, cited above, with attempts to calculate risk of future bipolar course at least over the short term (59). Finally, the assessment of youth typically includes families which alters the perspective.

The more recent guidelines also reflect a significant number of recent studies and reviews in children and adolescents (and occasionally up to age 20) with major depression and family history of bipolar disorder summarized by Angal in a recent case report and review of the literature (56).

The Guidelines for Adolescent Depression in Primary Care (GLAD-PC) Toolkit published in 2018 keeps the clinician aware of potential future bipolar course, advise on frequency of careful monitoring in the first 12 weeks, emphasize supportive but active monitoring in shorter episodes, use of CBT/IPT in milder cases, low dose and slow titration (no increase for 4 weeks from fluoxetine 10 mg), avoidance of tricyclics which are ineffective, and avoidance of venlafaxine which has been associated with more self-harm events. (Guidelines for Adolescent Depression in Primary Care (GLAD-PC) Toolkit: http://www.gladpc.org accessed 2020-02-16).At the same time they make clear that severe episodes needed to be treated aggressively—the most challenging question for those with risk factors for bipolar depression is what pharmacological agent to use.

Some of these tools could be used in a similar fashion for monitoring those with family history of bipolar disorder regardless of age. However, even the youth guidelines do not adequately address the assessment of mixed symptoms in a depressive episode.

There is a need to accurately and thoroughly assess and monitor mixed symptoms particularly in those with major depression and family history positive for bipolar disorder both as initial presentation (pre-antidepressant) and in follow up monitoring. Quite apart from the known risk of manic/hypomanic switch, there is a small but significant literature on the association of antidepressants with worsening of depression, cycling of depression, emergent mixed symptoms, treatment resistance, and suicidality (not limited to youth) in a subgroup of depressed patients with and without potential mixed symptoms (22, 55, 60–66).

We retrospectively studied a small group of confirmed bipolar versus unipolar depressed patients (over 7 years) for earlier history. Family history of bipolar disorder and completed suicide predicted future bipolar course. Early onset depression as well as treatment emergent mixed symptoms, lability, psychomotor activation, and suicidality were significantly more common in the “pre-bipolar group” (60).

Antidepressant worsening is now increasingly accepted as a potential outcome in bipolar depression although still with considerable controversy about their efficacy and potential adverse effects and “tachyphylaxis” (63, 66–73). Serotonin reuptake inhibitors and bupropion are favored over more multimodal antidepressants in the International Society for Bipolar Disorders Guidelines on use of antidepressants in bipolar depression. Antidepressants are contraindicated in mixed bipolar depression and alternative mood stabilizing agents with antidepressant efficacy are considered rather than antidepressants (73).

Antidepressant worsening in child and adolescent depression is also accepted as a possibility in a minority of patients and antidepressants are held second line or for more severe cases and more frequently monitored than in adult guidelines The option of adding a mood stabilizer to the antidepressant is made explicitly in these recent guidelines (Guidelines for Adolescent Depression in Primary Care (GLAD-PC) Toolkit: http://www.gladpc.org accessed 2020-02-16).

Absent from any guideline is recommendation for a systematic assessment of baseline symptomatology and monitoring of outcome, whether “watchful waiting” monitoring the natural transition of illness, or with active specific pharmacological or psychotherapeutic intervention, particularly in relation to mixed symptoms. This can be as simple as assessing all DSM V symptoms of both depression and mania in a good clinical interview, but self-report tools noted above can be of benefit both for education and monitoring and allow also for collateral history for observable changes. The challenge is that there is no accepted definition of mixed symptoms.



Specific Treatments for Depression With Family History of Bipolar Disorder

There can be no specific recommendations for this group at this time as all data is extrapolation. Clinicians should be experienced and have a good knowledge of unipolar, bipolar, child and adolescent, youth guidelines, and guidelines for mixed bipolar states and apply where they see fit and change according to treatment response (37, 47–54, 56, 57, 72, 73). Guidelines for first episode psychosis contain limited data on the depression with psychotic features group (6). Guidelines have unfortunately siloed data. For example, suggestions for “low dose—go slow” antidepressants in this group is largely borrowed from the child and adolescent guidelines (high risk group) and early psychosis literature (6).

Several recent papers, not reviewed here summarize the limited data on treatment of “unipolar “ depression with mixed features (33, 74–77) which may or may not proceed to bipolar disorder or in part have its own signature. As can be seen by the recency of papers quoted, up to date knowledge of the evolving literature is important as guidelines are already outdated.

Table 4 outlines strategies to consider in approaching major depression, family history bipolar disorder—of most importance in youth but remaining important in young adults all the way to old age. These are extrapolated from both unipolar and bipolar guidelines above where the agent is recommended as effective in both unipolar and bipolar depression.


Table 4 | Treatment considerations for major depression with family history of bipolar disorder or suicide.



Antidepressants continue to have a presence as indeed some of these cases may have little diathesis to bipolar outcome or respond to antidepressants effectively as do a minority of those with known bipolar depression. The potential post hoc fallacy assuming that an antidepressant has been effective has to be balanced against the presumed natural duration of a depressive episode which in pre-bipolar depression can be quite short with abrupt offset. Careful delineation of baseline symptoms of both poles will help identify natural evolution of mixed symptoms or indeed antidepressant worsening, even if preceded by a honeymoon response. The principle of primum non nocere is most challenging with antidepressants but the use of potent psychotropics of any kind has to be balanced against the possible benefits of evidence based psychotherapies particularly in milder or earlier onset cases. Inevitably many cases will be severe, and we point to agents, pharmacological and neuromodulatory, that have benefit and/or less harm in either unipolar or bipolar depression either in mono or combined therapy such as quetiapine, lamotrigine and lithium, and electroconvulsive therapy. Repetitive transcranial magnetic stimulation has evidence in both unipolar and bipolar depression but there is report of a very small number of cases of treatment emergent hypo/mania (78). We would urge caution in extrapolating treatment recommendations from DSM IV diagnosed mixed mood which is directed to a mixed manic syndrome rather than depression with some mixed symptoms. Ziprasidone and lurasidone have limited data in mixed depression (35, 36, 77).

Lithium should be considered as a serious contender given its benefit in both recurrent episodic depression and bipolar depression, its neuroprotective effects, and its antisuicidal effects, most especially but not exclusively in those with a family history of lithium response or completed suicide. It has no specific evidence in depression with mixed symptoms, but there appears to be a good case for its use (79). The choice here should be considered in light of proposed predictors of lithium response (family history, especially of lithium-responsive illness, absence of mood incongruent psychosis, and low rates of comorbid conditions (80).



Conclusions and Future Directions

The existing literature supports the distinction between depression that is likely a manifestation of bipolar disorder and depressive disorder. The most consistent features helpful in such differentiation include early onset, highly recurrent clinical course, family history of bipolar disorder and/or completed suicide, and adverse response to antidepressants. Arguably, these factors are not infallible. It is hoped that in the future, laboratory or brain imaging technologies can contribute further to more accurate diagnosis. One such measure could be based on genome-wide genetic data. It is conceivable that, as more genetic markers of bipolar disorder and depression are discovered, it will be possible to differentiate the subtypes of depression by, for instance, polygenic risk scores. These could be constructed specifically with the goal of capturing genetic differences between unipolar and bipolar depression rather than polygenic scores for each condition alone. Recently, Liebers et al. analyzed polygenic risk score (PRS) differences between UD and BD in 843 BD and 930 UD patients (81). Those with BD had higher PRS for BD and schizophrenia, but both contributed modestly to the overall classification (AUC of 0.64 for either PRS) and only minimally once the authors used clinical profiles for classification. Nevertheless, large datasets are becoming now available to analyze genetic differences between the two types of depression further, see for instance the recent large scale analysis by Coleman et al. (82). How practical such an approach will be remains to be seen. On the one hand, genome-wide analyses point to a significant correlation in genetic liability to major depression and bipolar disorder, on the other hand, the clinical differences give hope that their differentiation at the genetic level should be also possible.
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Subsyndromal symptoms have rarely been in the focus of bipolar research. This may be, in part, due to the fact that there is neither a uniform definition nor do they constitute an indication of regulatory and commercial interest. Nevertheless, they do have a decisive impact on the long-term course of bipolar disorder (BD), and the degree of functionality and quality of life (QoL) is more likely determined by their presence or absence than by acute episodes. Summarizing the literature an estimated 20–50% of patients suffer inter-episodically or chronically from subsyndromal BD. The most prominent symptoms that interfere with functionality are subsyndromal depression, disturbances of sleep, and perceived cognitive impairment, whereas anxiety negatively impacts on QoL. In the absence of evidence-based pharmacological treatments for subsyndromal BD, clinical practice adopts guidelines designed for treatment-resistant full-blown episodes of BD, supplemented by cognitive-behavioral, family focused or social-rhythm–based psychotherapies.
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Introduction

Reality has taught us that Kraepelin’s assumption of full recovery as a decisive distinction between manic-depressive illness and dementia praecox does not hold true in a fair proportion of bipolar patients. Five years after onset of bipolar disorder (BD), at least 13% of patients suffer from a chronic course without remission (1). Persisting subsyndromal symptoms of BD (SSBD) impact on patients functionality and quality of life (QoL), and put them on elevated risk of relapse (2) and an overall more detrimental course of illness with longer duration of illness episodes and more lifetime psychotic symptoms (3). Adapting the dimensional view of BD as proposed by van Os and Kapur (4) subsyndromal symptoms are not necessarily restricted to mood, but may also persist in the domains of cognition and, if present during an acute episode, positive, and negative symptoms. However, little is known about the effects of persisting psychotic symptoms in bipolar patients, the bulk of data points toward subthreshold depression, impaired cognition and disturbed circadian rhythm as the most relevant SSBD (Figure 1) (5–8). Both subsyndromal depression and impaired cognition appear to act directly and independently on functionality (5, 8), whereas there is only a moderate indirect effect of sleep disturbances on functioning mediated via residual depressive symptoms and perceived cognitive impairments (5). Whereas subsyndromal depressive symptoms might be a crucial driver of psychosocial disability in all age groups, subsyndromal mania may be more abundant in old age bipolar patients than in younger patients (9).




Figure 1 | The trias of SSBD, their interaction and impact on functionality. A hypothetical model adapted from (5). Applying a structural equation model (SEM), Samalin et al. (5) demonstrated a significant direct effect of both residual depressive symptoms and perceived cognitive impairment on functionality. In addition, residual depressive symptoms also have a direct effect on perceived cognitive impairment but no significant indirect effect on functioning via perceived cognitive impairment. The direct pathway between sleep disturbances and functioning was not significant, however, the SEM confirmed the presence of a moderate indirect effect of sleep disturbances on functioning via residual depressive symptoms and perceived cognitive impairments.



SSBD is a topic that has been neglected for a long time in bipolar research. This may be, in part, due to the fact that there is neither a uniform definition and understanding what constitutes SSBD, nor does SSBD constitute an indication eligible for a marketing claim. However, with recent research on the nature, impact and mostly psychological interventions it appears timely to summarize our—still limited—knowledge.

This review focuses on three topics: Definition and frequency of SSBD, Impact of SSBD on functionality and QoL, and pharmacological and psychological therapies applied in SSBD. The review is not meant to be a complete and systematic review of the topic, it summarizes selected findings on SSBD and its treatment to support clinicians in identifying SSBD and guiding treatment selection. The review is based on a PubMed search covering published articles between 1970 and 2019 with the search terms “Bipolar disorder”, “mania”, “bipolar depression”, combined with either “subsyndromal”, “minor”, and “chronic”. Papers selected for this review are the authors’ subjective choice based on perceived novelty and general interest of the findings reported. In addition, reviewers of this article added valuable suggestions on further reports that deserve inclusion. Subsyndromal symptoms in BD may occur as integral part of some bipolar spectrum disorders, e.g., cyclothymia, where mood swings do not satisfy full syndromal criteria, as precursors of a full-blown episode or as residual symptoms after either a manic or depressive episode, sometimes with chronicity (Figure 2). Subsyndromal symptoms are observable in a majority of patients during the prodrome of a new manic or depressive episode, with manic episodes having a longer prodrome than depression (10–12). In adolescents, prodromal syndromes may precede a first episodes for years, and their duration and extent might predict later service usage (13). Besides mood and subthreshold psychotic symptoms, anxiety disorders have been identified as a frequent prodromal bipolar symptom (14). The focus of this article, however, is on subsyndromal symptoms in the aftermath of an episode as they do have a pronounced effect on functionality and long-term outcome.




Figure 2 | Subsyndromal symptoms in BD may occur as integral part of some bipolar spectrum disorders, e.g., cyclothymia, where mood swings do not fulfil full syndromal criteria, as precursors of a full-blown episode (A) or as residual symptoms after either a manic or depressive episode, sometimes with chronicity (B).





Definition of Subsyndromal Symptoms in Bipolar Disorder

In a past review, Bauer and colleagues identified 77 articles on subsyndromal BD published between 1987 and 2007, and virtually no common definition of subsyndromal mood symptoms was used (15). Until today, there is no uniform, generally accepted and operationalized definition of SSBD. Definitions can be based on being short of syndromal criteria for a major mood episode as defined by Diagnostic and Statistical Manual, 4th edition (DSM IV), e.g., exhibiting at least two, but less than five criteria for a major depressive episode (MDE) (“minor depression”) (16). For subsyndromal BD II depression, Benazzi (17) proposed quite restrictive criteria taking also functionality into account: (a) residual depressive symptoms between the last two consecutive MDEs (the DSM-IV longitudinal course specifier “without full interepisode recovery”), (b) residual depressive symptoms lasting more than 2 years, (c) 2–4 MDE symptoms (recorded as present or absent with the Structured Clinical Interview for DSM IV Disorders – Clinician Version (SCID-CV), (d) mild to moderate impairment of functioning [Global Assessment of Functioning (GAF) score 60–70]. The definition by Benazzi et al., however, targets merely subsyndromal depression, but not mania or other domains such as cognition. More frequently, symptomatic rating scales such as the Young Mania Rating scale (YMRS), Mania rating Scale (MRS), Hamilton Depression Rating Scale (HDRS), or Montgomery-Asberg Depression Rating scale (MADRS) (18–20) are used to define both manic and depressive subsyndromal states. The International Society of Bipolar Disorder (ISBD) consensus criteria defines bipolar patients with a YMRS Score 8–14 as subsyndromal manic, and with a HRDS score 8–14 as subsyndromal depressed (21), but other authors allow for a wider range (YMRS 11–20, HRDS 7–17 (20). Finally, some publications equate subsyndromal states with “mild mania (YMRS 5–10)” or “mild depression (HAM-D 7–15) (22).



Frequency of Subsyndromal Symptoms in Bipolar Disorder

A Spanish cohort study over 5 years using ISBD criteria found SSBD in more than 20% of BD patients (23). Applying in another analysis of this study, the wider criteria of De Dios et al. (20) instead of the ISBD criteria increases the percentage of bipolar spectrum patients with subsyndromal symptoms by one-third (36% vs. 22.6%) with a clear preponderance of subsyndromal depression, independent from criteria used (19). Similar figures have been reported from other observational studies (2).

Emerging subsyndromal symptoms are even more frequent in the built-up of an acute episode. Seventy-six percent of BD patients reported subsyndromal, prodromal hypomanic symptoms, and 39% subsyndromal, prodromal depressive symptoms preceding an acute episode (24). Even higher numbers have been reported by Keitner et al. (25) in a BD I cohort study: 78% of the patients reported prodromal depressive symptoms and 87% reported prodromal manic symptoms, and more than half of the patients still exhibits residual symptoms after an acute episode (54% following an MDE and 68% after a manic episode).

However, we have to keep in mind that the definition of subsyndromal states and time criteria vary between studies. Especially, the issue of duration, i.e., how long should symptoms last to satisfy SSBD diagnosis, is critical. SSBD can be rather short if a prodromal state, and lasting in the aftermath of an acute episode. SSBD can be a cross-sectional as well as a longitudinal description of a mood state; cross-sectional if based on rating scale scores at time of examination, e.g., the ISBD criteria (21), short longitudinal if longer than 1 week (22), or lasting longer than 2 years as proposed by Benazzi et al. (17).

Residual depressive symptoms are also abundant in BD II patients, 44.9% of patients have residual symptoms after and MDE despite using restrictive criteria (17). Comparing subsyndromal depressive symptoms in remitted unipolar and bipolar patients, it appears that unipolar patients may have more residual symptoms than bipolar patients, particularly in items related to anxiety and somatic complaints (26).

But even patients who are in remission according to the Clinical Global Impression scale (CGI) are not necessarily free of symptoms and impairment, and are trapped in the gap between remission and recovery. In selected clinical samples receiving optimized treatment, such as the Stanley Foundation Bipolar Network (SFBN) (10) cohort, enduring subsyndromal symptoms, especially of depression, anxiety or physical discomfort, are observable in at least 10% of bipolar patients despite fulfilling formalized criteria of remission (11).



Impact on Functionality

SSBD is not only a predictor of early relapse (27) but also of frequent comorbidities (22), poor functional outcome and low QoL (26, 28–30). Even after a single manic episode, only one out of three patients regains psychosocial functioning at 1-year follow-up (31), suggesting that functional outcomes in BD are impaired from the very beginning. Unfortunately, there is no uniform consensus how to measure psychosocial functioning in BD. The Task Force of the ISBD examined different definitions of psychosocial functioning but without reaching a consensus (21). The task force referred to the definition provided by the International Classification of Functioning, Disability and Health (ICF) (32) in which functioning comprises three different components: body structures and functions; activities and participation; and personal environmental factors. Moreover, the authors of these guidelines underlined that this construct is probably too complex to be applied to BD, and that besides the ICF, the Functioning Assessment Short Test (FAST) scale (33) might constitute a more practical approach to measure functioning. Another widely used instruments to estimate global functioning is the GAF (34). However, the DSM-5 no longer encourages the use of the GAF. Instead, the use of the self-rated World Health Organization Disability Assessment Schedule 2.0 (WHODAS 2.0) has been recommended (35), but to date little experience exists about its usefulness and applicability in BD.

A SFBN study prospectively evaluated the association between the presence of subsyndromal depressive symptoms in 759 patients with BD and role functioning (28). Subsyndromal depression was operationalized using cut-off scores on the Inventory of Depressive Symptoms-Clinician Rated (IDS-C) and the CGI for Bipolar Disorder (CGI-BP). Patients were divided into three groups: no depression (n = 292, IDS-C score of <13 for the prior 2 weeks), subsyndromal depression (n = 291, IDS-C scores 13 to 27 for the prior 2 weeks), and syndromal depression (n = 179, IDS-C scores > 28 for the prior 2 weeks). To ensure that all subjects were not currently experiencing depressive symptoms as part of a mixed mania, a score of 1 (not ill) on the CGI-BP severity of mania item was also mandatory. Patient functioning in four role domains (work, home duties, family life, and friendships) was assessed using the Life Functioning Questionnaire (LFQ), a 5-min, 14-item, gender-neutral self-report questionnaire designed to assess role function over the preceding month (36). The subsyndromal depressed group was significantly more likely than the no depression group to report impairment at work (64% vs. 31%), with duties at home (75% vs. 38%), in their relationships with family (59% vs. 34%) and friends (56% vs. 18%), and in life functioning overall (70% vs. 32%), and across all domains of role function, the proportion of patients who were impaired were more similar in the subsyndromal and syndromal depression groups than to the no depression group. But not only persistent low mood determines functionality, but also unstable affect, both negative and positive. A study in 27 subjects with BD I examining the prospective influence of inter-episode affect dysregulation on symptoms and functional impairment, and found that mood instability in general during the inter-episode period was associated with greater impairment in home and work functioning (37).

The OPTHYMUM study (29) in 525 BD patients across France chose the converse approach. This cross-sectional study looked into the associations and consequences of low functioning, defined as a GAF score <60. These “low functioning patients” had significantly more frequent emotional subsyndromal symptoms (emotional lability and numbing), disruption of circadian rhythms, sexual disorders, and perceived more cognitive deficits. In addition, they suffered more social and family stigma, were more frequently unemployed and had increased numbers of manic episodes and psychotic symptoms.

The tight association between subsyndromal symptoms and low GAF scores has also been confirmed by McQueen et al. (22) using prospectively collected life charting data from 138 patients with BD. Looking into co-morbidities, SSBD patients were on an even higher risk of eating and anxiety disorders than syndromal patients. A post hoc analysis of prospectively collected data by Bennett et al. demonstrated in the SFBN cohort a significant interaction between attention-deficit and anxiety comorbidity and low GAF scores (38). In line with this, a prospective Dutch cohort study demonstrated that subsyndromal anxiety also been impacts on functionality in unipolar depression (39).

In youth with BD-I, a relatively long, predominantly slow-onset mania prodrome appears to be common, including subthreshold manic and depressive psychopathology symptoms (40). Little, however, has been reported about functional prodromal symptoms before a first manic/mixed episode and the diagnosis of a BD. A literature search by Faedda et al. prospectively identified subsyndromal symptoms both of mania and depression as precursors of BD that typically arose years prior to syndromal onset (14). Based on a survey conducted in members of the NDMDA, Hirschfeld and colleagues noted that in majority of patients many domains of social functioning had been already dysfunctional prior to a first BD episode (41), most likely due to subsyndromal symptoms.

In a cross-sectional study of Keitner et al. (25) more than half of the patients disclosed residual symptoms of depression (54%) and mania (68%). However, cognitive symptoms were consistently the most common symptoms reported by patients across studies, and constitute one of the three determinants of functional outcome in the model by Samalin et al. (5). Even when euthymic, compared with people without mood disorders, people with BD have cognitive impairment (42). This may, at least in part, explain why previously able people decline in their functioning (43). In recent years, more sophisticated research has been conducted to objectify the subjective reports of cognitive decline. In the domains of cognition—executive function, attention, processing speed, verbal memory and visual memory—learning memory and executive function may be more impaired than others (44–48). Looking cross-sectionally at psychosocial and occupational function, impaired cognition has a significant effect on both outcomes, whereas residual depressive symptoms seem to impact mainly on psychosocial capabilities (49).



Impact on Quality of Life

QoL is a broad construct taken to represent aspects of functioning and satisfaction in occupational, environmental, social, physical, and psychological aspects of life (50).QoL has not only become an increasingly important outcome parameter in clinical trials, but also a target for web-based psychoeducational self-monitoring programs (51, 52). Different scales exist to make the rather holistic and fuzzy defined term “Quality of life” measurable (53). Especially for BD, Michalak and colleagues developed the QoL in Bipolar Disorder (QoL.BD) scale. It comprises 56 items rated from 1 to 5, evaluating the domains physical, sleep, mood, cognition, leisure, social, spirituality, finances, household, self-esteem, independence, identity, work, and education. A global score is obtained with higher scores indicating a better QoL, and score below 170 indicates poor QoL (54). A meta-analysis of 66 studies demonstrated significant differences in QoL outcomes between euthymic BD patients and healthy controls with lower QoL in the euthymic patients (55). In a cross-sectional study in 60 clinically stable Bipolar I outpatients with only mild residual symptoms, QoL correlated significantly with resilience, internalized stigma, and, again, residual symptoms of depression. No significant correlations were observed between QoL and residual manic symptoms (56).

The detrimental impact of comorbid anxiety disorders fulfilling full diagnostic criteria on BD has been well established (57). The interaction between anxiety and mood symptoms on a subsyndromal level is still poorly understood and further research is demanded. The few data available suggest that also subsyndromal anxiety has a marked impact on QoL in euthymic bipolar patients. In a cross-sectional Mexican study using the QoL.BD scale and a score of 170 as cut-off for poor QoL, anxious symptoms affected the perceived QoL more than subthreshold symptoms of mania and depression and more than other variables related to the course of BD, such as number of hospitalizations, and even a comorbid diagnosis of full-criteria generalized anxiety disorder (GAD). Of note, subthreshold manic (not depressive) symptoms were in this study the second parameter related to poor QoL (58). Table 1 summarizes the proven or assumed impact of different subsyndromal symptoms on functionality and QoL. As a limitation, the reader should note that the table reflects the authors’ personal views based on the results of their literature search. A full systematic review, and possibly a meta-analytic processing of the results, would be needed and desirable to validate these findings.


Table 1 | Summary of the proposed impact of the different domains of SSBD following an acute episode on functionality and QoL.



But also, somatic malaise has a clear impact on QoL. A large Spanish cohort study using also a cross-sectional design demonstrated that gastrointestinal and somatic symptoms, as well as genital symptoms occur more frequently in SSBD than in the general population (26).



Treatment

Whereas only few treatment studies have targeted SSBD so far, there is some consensus to use similar guidance as for treatment-resistant full blown episodes to eradicate subsyndromal symptoms (59, 60). This includes checking whether the diagnosis is correct, excluding (or treating) psychiatric co-morbidities such as addiction, anxiety and personality disorders, optimization of the medication dose including therapeutic drug monitoring, augmentation and combination strategies, experimental treatments such as ketamine infusion, considering physical treatments such as electroconvulsive therapy, repetitive transcranial magnetic stimulation, or sleep phase advance protocols, reviewing the effectiveness of ongoing psychotherapy, minimizing or eliminating social and occupational distress, and a careful check-up of physical health as organic factors might contribute to persistent symptoms. Some subsyndromal symptoms like anxiety might be targeted with specific drugs normally not used for bipolar core symptoms (61, 62); however, there is some controversy about this approach. The symptom-oriented treatment approach to treat anxiety symptoms with anxiolytics or anti-anxiety drugs has been questioned by the results of a study of Bauer et al. (63). Using naturalistic data, Bauer and co-workers investigated retrospectively the relationship between the use of adjunctive anxiolytics and the time spent in episodes or with SSBD in a post hoc analysis of 310 patients with BD. Patients with BD who were taking adjunctive anxiolytics spent significantly more time ill. The authors concluded that, while the study design cannot determine causality, there is an obvious need for controlled studies of a possibly detrimental impact of adjunctive medications for anxiety on the course of BD.

For the prevention and control of subsyndromal symptoms and, by this, preventing relapse lithium levels in the high therapeutic range (0.8–1.0 mmol/l) had been more effective than low-range lithium levels (0.4–0.6 mmol/l). Patients with low-range levels had 2.6 times the risk of major affective relapse as those given lithium for high-range levels, and nearly twice the risk of developing subsyndromal symptoms (24).

The prominent role of lithium in controlling prodromal symptoms of emerging mania or depression has also been confirmed by a post hoc analysis of two controlled maintenance studies comparing lithium, lamotrigine, and placebo (64). Compared to placebo, both lithium and lamotrigine treatment significantly delayed emerging subsyndromal symptoms of either polarity and prolongated time from first subsyndromal symptoms to intervention for a full-blown episode. Further analysis showed that this was by large due to suppressing subsyndromal manic or mixed symptoms. On the other hand, lamotrigine appeared to be effective in delaying time from first subsyndromal depressive symptoms to a mood episode (18). The risk of emerging subsyndromal depression or of a MDE in lithium-treated patients might be related to changes in thyroid function. Those lithium-treated BD I patients who needed intervention for depression in these studies had a significantly higher adjusted mean TSH level than those who did not (65).

In the aftermath of an acute episode, switching from different atypical antipsychotics to aripiprazole has been reported to improve subsyndromal symptoms in an observational 24-week study (66). In part, this may also be explained by aripiprazole’s lack of anticholinergic effects and its potential antidepressant effects, thus reducing possible medication-induced cognitive and affective impairment.

Specially to overcome functional impairment, cognitive-behavioral, family focused, or social-rhythm–based psychotherapies have been shown to be effective alongside optimized pharmacological treatment (67–69). In a small study with children and adolescents, both omega-3 fatty acid supplementation (Omega3) and individual family psychoeducational psychotherapy (IF-PEP) showed medium-size effects on subsyndromal depression (70). Accumulating evidence suggest that functional remediation may have good potential to boost the recovery process in bipolar patients with subsyndromal symptoms and might be not only more effective than treatment as usual, but also than psychoeducation (71, 72). Case reports suggested that also Eye Movement Desensitization and Reprocessing (EMDR) may positively affect residual bipolar symptoms (73, 74). More recently, a small, 12-week pilot study in patients with SSBD and post-traumatic stress disorder demonstrated that EMDR has significant effects on subsyndromal manic symptoms, and to a lesser degree on subsyndromal depression (75).



Discussion

As a fair estimate, SSBD affects between 20 and 50% of bipolar patients, depending on the definition applied. Especially subsyndromal depression interferes with role functioning in essential domains of normal life, such as work, duties at home and maintaining relationships. Besides residual depression, enduring cognitive impairment in a variety of domains determines psychosocial and occupational outcome. Subsyndromal depression and cognitive decline in SSBD have also been identified as two out of three main driver of low function in a structural equation model as described by Samalin and coworkers, the third one being sleep deprivation (5). Except of one study (58), subsyndromal mania, however, appears not as a main driver of low QoL and functioning, but has been much less investigated than subsyndromal depression. As far as QoL is concerned, anxiety, ranging from just symptoms to full blown comorbid disorder, and physical malaise appear to be inversely related to QoL in BD, including SSBD. However, the potential pathways that might mediate the observed relationships between SSBD and functionality and QoL are still speculative and need further investigation. But in summary, the marked impact of SSBD both on psycho-social functioning and QoL is obvious and well documented in a fair number of studies.

This is in contrast to the relative paucity of treatment studies, which is even more true for pharmacological than for psychological approaches. This may, in part, be due to the absence of an official indication approved by regulatory authorities and, as a consequence, uncertainty about eligibility for reimbursement in some health insurance systems as patients may be categorized as “euthymic”. In addition, there is an absence of a generally accepted definition of SSBD and uniform cut-off criteria, that makes it difficult to compare between the few studies available and derive recommendations. If a patient is on lithium, optimizing lithium levels appear to ameliorate subsyndromal mood and cognitive symptoms. Switching to medication that do not add to potential cognitive impairment by anticholinergic side effects might also be a strategy to consider. Recent research, however, clearly pointed out that a tailored psychotherapy might be effective in overcoming SSBD. Especially functional and cognitive remediation seems to be effective, and emerging new techniques as EMDR might add in the future to the treatment portfolio. However, although there is some evidence emerging more recently, more research focus and effort is still needed. Most studies included and mixed both subsyndromal depression and subsyndromal hypomanic patients, without further differentiation of outcomes. More studies looking into the different dimension of SSBD (mania, depression, cognition, psychosis) separately are clearly demanded. Finally, most important, a verified and generally accepted definition of SSBD and its constituents needs to be developed to allow for randomized studies with comparable inclusion/exclusion criteria.
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Objective: Identifying high-risk groups with an increased genetic liability for bipolar disorder (BD) will provide insights into the etiology of BD and contribute to early detection of BD. We used the BD polygenic risk score (PRS) derived from BD genome-wide association studies (GWAS) to explore how such genetic risk manifests in young, high-risk adults. We postulated that BD-PRS would be associated with risk factors for BD.

Methods: A final sample of 185 young, high-risk German adults (aged 18–35 years) were grouped into three risk groups and compared to a healthy control group (n = 1,100). The risk groups comprised 117 cases with attention deficit hyperactivity disorder (ADHD), 45 with major depressive disorder (MDD), and 23 help-seeking adults with early recognition symptoms [ER: positive family history for BD, (sub)threshold affective symptomatology and/or mood swings, sleeping disorder]. BD-PRS was computed for each participant. Logistic regression models (controlling for sex, age, and the first five ancestry principal components) were used to assess associations of BD-PRS and the high-risk phenotypes.

Results: We observed an association between BD-PRS and combined risk group status (OR = 1.48, p < 0.001), ADHD diagnosis (OR = 1.32, p = 0.009), MDD diagnosis (OR = 1.96, p < 0.001), and ER group status (OR = 1.7, p = 0.025; not significant after correction for multiple testing) compared to healthy controls.

Conclusions: In the present study, increased genetic risk for BD was a significant predictor for MDD and ADHD status, but not for ER. These findings support an underlying shared risk for both MDD and BD as well as ADHD and BD. Improving our understanding of the underlying genetic architecture of these phenotypes may aid in early identification and risk stratification.

Keywords: polygenic risk score, bipolar disorder, genetic phenotypes, depression, ADHD, early recognition


INTRODUCTION

Bipolar disorder (BD), which is characterized by recurrent episodes of mania and depression, is a severe and often chronic mental disorder associated with increased premature mortality and disability and reduced quality of life (1, 2). The first symptoms of the disorder occur many years before patients meet full diagnostic criteria, typically in adolescence, which thus marks a high-risk period for BD onset (3, 4). The mean age of onset for BD is between 20 and 30 years, and risk of onset decreases with age thereafter (1, 2). The long interval between early symptoms, correct diagnosis, and adequate treatment (5.8–6.7 years) (5, 6) is associated with a worsened clinical course and a substantial burden of illness (7, 8).

In the early course of BD, mood and drive are often dysregulated (9), which manifests in episodes of (subclinical) depression as well as (sub)threshold hypomania—these increase in severity and frequency during the period until onset (4, 6, 10). While the abovementioned symptoms are difficult to differentiate from normal fluctuations in mood (5), they represent the best predictors for developing BD (4, 10, 11). Additional symptoms include sleep disturbances, fear, anger, and irritability, which often occur in the early course and become more specific and similar to BD symptoms over time (4, 8, 9, 12).

Other difficulties that contribute to misdiagnosis of BD include a high rate of comorbidity and substantial overlap of symptoms between BD and other psychiatric disorders (13). The lifetime prevalence of attention deficit hyperactivity disorder (ADHD) in bipolar patients has been estimated to be around 20% and is thus one of the most common comorbid disorders in BD (14–16). ADHD has an earlier age of onset than BD and is common in relatives and offspring of individuals with BD, which has led to the hypothesis that it may be a precursor of BD (17, 18). However, while there are inconsistent findings regarding a genetic overlap between ADHD and BD (19), recent studies assessing genetic correlations between large-scale genome-wide association studies (GWAS) indicate a modest but significant positive association (12, 18, 20).

In most BD patients, the first episode at the onset of the disorder is a depressive episode, whereas an index mood episode of (hypo-)mania is less likely (21–23). Early age at onset of the first depressive disorder seems to be a prominent risk factor of conversion to BD (24–26). The difficulty in distinguishing BD from major depressive disorder (MDD) before the first (hypo-)manic episode occurs implies that BD diagnosis is often preceded by an initial misdiagnosis of MDD (21). This phenomenon creates the category of the so-called “hidden bipolars.” Observed conversion rates from MDD to BD in young adults varies between 2.5 and 15.4% in a follow-up interval of 3–9 years (24, 27, 28). Moreover, studies have provided considerable support for a high shared genetic risk between BD and MDD (29). Family history for BD has been found to be the strongest predictor for conversion (30).

With heritability rates of up to 70% for BD (31), understanding the genetic factors contributing to BD-specific symptoms is crucial to improving diagnosis. Early and accurate diagnosis of BD would aid timely intervention and potentially prevent serious consequential damage. GWAS focusing on the liability for BD have identified shared risk alleles of single-nucleotide polymorphisms (SNPs) between BD and MDD as well as between BD and ADHD (32–35). While individual SNPs have a very small effect on disease risk on their own, a polygenic risk score (PRS), which constitutes a single value estimate of an individual's genetic propensity to a phenotype across a vast array of SNPs, appears to be a promising improvement (36). The PRS is the sum of an individual's genome-wide additive risk for a certain phenotype based on variation in multiple genetic loci and their associated weights from GWAS. Thus, for complex genetic diseases such as BD, PRS are likely to become a valuable predictor for disease risk. PRS using information from disease-associated alleles on current GWAS platforms explain ~4% of the variation in risk for BD on the liability scale (29, 31). The modest accuracy of PRS is likely due to the highly polygenic nature of psychiatric disorders (37). In the future, higher levels of prediction accuracy may be achieved with predictors estimated from very large discovery samples (38). As GWAS datasets become larger and more diverse, they will have valuable potential for genomic risk prediction (39). Currently, PRS analyses are one of the most widely used approaches to understanding the genetic overlap between disorders, as well as at symptom level in case–control target samples (37).

To improve prognosis or even prevent the development of full-blown BD for affected individuals, there is a clear need to identify causative factors in order to improve diagnosis in the early stages of BD (2, 6). The present study investigates whether BD-PRS is associated with specific prodromal risk groups for BD. Based on previous research, we recruited subjects aged 18–35 belonging to three phenotypic risk groups for BD: Subjects with either ADHD or MDD diagnosis or early recognition (ER) risk factors assessed with the Early Phase Inventory for Bipolar Disorders (EPIbipolar) (13). These groups are being followed up longitudinally to assess the interplay of genetic and clinical predictors for pre-diagnostic risk stratification for BD (40).



MATERIALS AND METHODS


Participants

The study sample comprised 203 high-risk young adults aged 18–35 either diagnosed with ADHD (n = 128) or MDD (n = 51) or belonging to the ER group (n = 24) using standardized instruments (see Clinical assessments). Of these, 112 (ADHD = 32, MDD = 56, ER = 24) were recruited as part of the BipoLife substudy “Improving early recognition and intervention in people at-risk of developing bipolar disorder (BD),” which monitors young help-seeking adults over a 3-years period (40, 41). The additional young ADHD adults (n = 96) originated from the “Comorbid Conditions of Attention deficit hyperactivity disorders (CoCA)” study, which focuses on the investigation of developmental pathways, genetic and environmental mechanisms that underlie comorbidity of ADHD (42). The control group consisted of 1,223 healthy subjects with no history of psychiatric disorders from the longitudinal resilience assessment (LORA) project (https://lora-studie.de/) investigating the mechanisms involved in the resilience process as they occur in response to the stressors of modern life over a 3-years period (43).

All subjects declared that they understood the experimental procedure and provided written informed consent. The study was undertaken in accordance with the Code of Ethics of the World Medical Association (Declaration of Helsinki; Rickham, 2013) and approved by the Ethics Committee of the University Hospital Frankfurt am Main, Germany. All subjects were recruited at the Department of Psychiatry, Psychosomatic Medicine and Psychotherapy at the University Hospital Frankfurt.



Clinical Assessments

The inclusion criteria for high-risk subjects were a DSM-IV or DSM-5 diagnosis of either MDD or ADHD or classification into an ER risk group and age in the range of 18–35 years. After an initial screening visit of all participants, the German version of the Structured Clinical Interview for DSM-IV Axis I disorders (SCID-I) (44) was carried out with all potential high-risk subjects. Individuals who fulfilled the criteria for a diagnosis of BD, schizoaffective disorder, or schizophrenia as well as those suffering exclusively from substance abuse, anxiety disorder, or obsessive–compulsive disorder were excluded. A comorbid personality disorder was not an exclusion criterion. All remaining subjects were assigned to one of the three risk groups (ADHD, MDD, and ER) depending on diagnosis.

To be assigned to the ADHD risk group, participants needed to fulfill the DSM-5 criteria for ADHD assessed by the DIVA questionnaire (45) and score above the cutoffs in the ADHD self-rating scales (German “ADHS-SB”) (46). If available, external evaluation from family members/colleagues for ADHD was also considered. In addition, scores of 30 or above on the short version of the German version of the Wender-Utah-Rating Scale (WURS-k) (47) for retrospective childhood symptoms were required. To be assigned to the MDD risk group, subjects needed to fulfill the criteria for a MDD diagnosis in the SCID-I. For young, help-seeking adults that did not have a confirmed SCID-I diagnosis, the risk assessment tool EPIbipolar was used to assign participants to the ER risk group (13). EPIbipolar operationalizes risk constellations out of the elevated risk factors that are associated with later conversion to BD [(I) positive family history for BD, (II) (sub)threshold affective symptoms, (III) mood swings, (IV) changes in sleep and circadian rhythm, (V) substance misuse or dependence, (VI) impairment in psychosocial functioning, (VII) fearfulness/anxiety, and (VIII) episodic course] and forms risk groups. We assumed that elevated risk might be captured best by including all participants meeting the criteria for the risk categories defined in EPIbipolar (risk group, high-risk group, and ultra-high-risk group) and exclude subjects with no risk group assignment only. Only one participant from the high-risk group, who did not meet the criteria for ADHD or MDD or any of the risk categories defined in EPIbipolar was excluded from the final regression analyses.

Current or past psychiatric symptoms were ascertained in healthy controls to rule out an axis-I disorder (according to DSM-IV and DSM-5, respectively) by semi-structured interview with the Mini-International Neuropsychiatric Interview (M.I.N.I.) (48). All diagnostic interviews were conducted by trained and experienced clinicians.



Genotyping and Quality Control

Genotyping was performed using the Global Screening Array (GSA), Multiple Drops (MD) Version 2.0 at the Life & Brain GmbH Platform Genomics, Bonn, Germany for the 51 MDD and 24 ER subjects. Genotyping of the 128 ADHD cases and 1,223 controls was carried out on a GSA-MD V 1.0 at the Broad Institute in Cambridge, Massachusetts, USA. Quality control of all subjects was performed using PLINK v1.9 (49). SNPs were filtered to exclude those with minor allele frequencies ≤ 0.01, calling rate of ≤ 0.98, variants deviating from Hardy–Weinberg-Equilibrium (HWE) (p < 1 × 10−6), and tri-allelic variants or variants not uniquely mappable. Participants were excluded in case of missingness >0.02, heterozygosity rate > 0.2, and sex mismatch. Filtering for population structure and relatedness was carried out on selected high-quality (HWE p < 0.02, MAF >0.2, missingness = 0) SNP set that was LD pruned (r2 = 0.1). In case of cryptically related subjects (pi hat > 0.2), one of the subjects was excluded, preferentially retaining cases. Principal component analysis (PCA) was performed to assess hidden population stratification, and outliers with a SD > 6 on one of the first 20 principal components were excluded. After quality control, the datasets were merged and another round of quality control and PCA were carried out as described above.

In total, 141 subjects were excluded from subsequent analyses: 117 subjects were excluded after genetic quality control, 22 subjects were excluded because of missing information on age, and 1 ER subject was excluded for not fulfilling the criteria for ER risk group status (see Clinical assessments). The final dataset thus consisted of N = 1,285 participants (117 ADHD, 45 MDD, and 23 ER high-risk subjects and 1,100 healthy controls) and 431,828 SNPs.



Polygenic Risk Scores

PRS calculated was performed using the PRSice software version 2.3.1.e with default options [clump-kb 250, clump-p 1.0, clump r2 0.1, interval 5e-05, lower 5e-08, stat OR; (50)]. We calculated PRS for BD based on the summary statistic files of the second Psychiatric Genomics Consortium Bipolar Disorder (PGC-BD) GWAS (31), applying INFO score filtering (INFO > 0.8). There was no overlap between the present study sample and the used BD discovery sample. BD-PRS were z-transformed based on the mean and standard deviation observed in the control group. We applied the best-fit function of PRSice, which runs logistic regressions to determine the p-threshold with the largest variance explained by the PRS, assessed as the increment in Nagelkerke's pseudo-R2 of the full model including BD-PRS and covariates (age, sex, and the first five principal components for population stratification) compared to the null model (only covariates). The best-fit PRS for the combined sample (dependent variable: high-risk vs. control group) was used for further subgroup comparisons. In addition to the incremental R2 values, we report the incremental R2 adjusted for the liability scale (onwards referred to as “R2.liability”; –prevalence flag in PRSice2), assuming a more conservative estimated population lifetime prevalence of 2.5% for ADHD in adults (51) and 15% for MDD (52), as well as 17% for ER (unpublished data). For the combined risk group, we applied an average prevalence weighted by the subsample sizes as an approximation of prevalence (7.39%).



Statistics

All further analyses were performed using SPSS 26.0 for Windows (IBM Corp., USA). To examine if BD-PRS (the independent variable) was associated with a specific risk group compared to control status (dependent variable), binary logistic regressions were carried out. Odds ratios (ORs) per standard deviation (SD) increase in BD-PRS are reported. Each regression included sex, age, and the first five principal components (to control for hidden population stratification) as covariates. Uncorrected p-values are reported, thus the corresponding Bonferroni-corrected alpha threshold was 0.0125 (correcting for four analyses, i.e. any risk group vs. control, ADHD vs. control, MDD vs. control and ER vs. control).

Given that the sample size was pre-defined at the beginning of the study, we performed a post-hoc power analysis to identify the beta error with the given sample size. For the four different binary logistic regressions, we calculated the post-hoc statistical power for the estimated population effect sizes with GPower 3.1.9.7 (53) for an population effect of an R2 of 0.04 (corresponding to a Cohen's d of 0.41) as observed in the PRS analyses in the GWAS by Stahl et al. (31) using the following parameters: Corrected alpha error probability of 0.0125, control group sample size of n = 1,100, and experimental group sample size of n = 185 (combined risk group), n = 117 (ADHD), n = 45 (MDD), and n = 23 (ER), respectively. Power analysis revealed a statistical power of >0.99 for the regression with the combined risk group, and 0.95 (ADHD group), 0.57 (MDD group), and 0.30 (ER group).




RESULTS


Sample Characteristics

The age of the participants (39.4% male, 60.6% female) at the time of the interview ranged from 18 to 82 years, with a mean of 31.39 (SD = 12.65) years (Table 1).


Table 1. Demographic data.
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Risk Group Association With Genetic Risk of BD

BD-PRS score was positively associated with belonging to the combined risk group (OR = 1.48, 95% CI [1.25, 1.76], PRS.R2 =0.026, PRS.R2.liability =0.030, p < 0.001) vs. controls. Binary logistic regression for the specific subgroups showed BD-PRS was also associated with ADHD vs. control status (OR = 1.32, 95% CI [1.07, 1.62], PRS.R2 = 0.011, PRS. R2.liability = 0.011, p = 0.009) and MDD vs. control status (OR = 1.96, 95% CI [1.42, 2.73], PRS.R2 = 0.050, PRS.R2.liability = 0.094, p < 0.001). A trend was observed for BD-PRS prediction of ER group vs. control status (OR = 1.70, 95% CI [1.07, 2.69], PRS.R2 = 0.024, PRS R2.liability = 0.049; p = 0.025, see Figure 1). Only the association with ER vs. control group status was not significant per the Bonferroni-corrected alpha level of 0.0125. None of the analyzed samples showed hidden population stratification in the first five principal components (PC1–PC5). For a summary of the regression coefficients, see Table 2.
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FIGURE 1. Box plot of the distribution of BD-PRS for BD high-risk groups. Control, healthy control group; ADHD, attention deficit hyperactivity disorder; MDD, major depressive disorder; ER, early recognition; ZScore: BD-PRS, standardized BD-PRS score.



Table 2. Associations of the BD-PRS with risk groups.
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DISCUSSION


Summary of Findings

To date, few studies have investigated phenotypes associated with genetic risk of BD utilizing BD-PRS (19, 54). In this study, we uniquely investigated the role of psychopathology and high-risk factors in young adults for the development of BD using BD-PRS scores. Our results provide information about shared genetic risk factors, supporting the hypothesis that BD-PRS might improve the accuracy of BD diagnosis in the early course of illness or prodromal phase. Overall, the results for the combined risk group (ADHD, MDD, and ER) displayed a weak association between the BD-PRS and the respective diagnoses, as made evident by the expected risk-increasing profile (OR = 1.48). In the subgroup analyses, BD-PRS was a significant predictor of both MDD and ADHD diagnosis vs. healthy control status in young adults, but not of ER group status. For MDD as well as ADHD, we observed a weak risk association of BD-PRS and case vs. healthy control status (ORMDD = 1.96; ORADHD = 1.32). BD-PRS did not show a significant association with ER group status as per the Bonferroni-corrected significance level, which may be due to the limited statistical power for this comparatively small subsample. The results from our high-risk young adult cohort indicate that the expected shared risk between both MDD and BD and ADHD and BD is considerable. Although the discovery GWAS sample used to calculate BD-PRS in our study is the largest available to date, the predictive power achievable by polygenic scores for BD is still limited. Future, large-scale GWAS will enable better prediction of polygenic risk for developing BD and aid accurate diagnosis.



BD-PRS and MDD

The results of the present study are consistent with and extend previous findings of a strong genetic overlap between BD and MDD (54, 55). From a clinical perspective, one possible explanation for the observed genetic overlap is the high overlap of symptoms between the two disorders with regard to depressive symptoms. However, BD and MDD still differ largely in course of illness, symptomatology and treatment overall. Another potential explanation is that the association between BD-PRS and MDD case status is due to poor assessment of previous hypomanic symptoms in psychiatric patients. That is, a number of patients classified as having MDD in our sample might be misdiagnosed BD patients with undocumented/undetected hypomanic symptoms. However, a recent study showed that BD-PRS was not associated with hypomania (19). In addition, all subjects in our study were diagnosed by experienced raters with the semi-structured clinical interview SCID-I, which is a valid instrument to detect hypomania symptoms.

Instead, the most likely explanation for the observed association of BD-PRS with increased odds of being diagnosed with MDD is that some of our subjects diagnosed with MDD are actually affected by BD, but have not clinically converted to BD yet [i.e., they are “hidden BD patients” (56)]. A major strength of our study is that we focus on young adults, since numerous prior studies have shown that early age of onset for MDD is a predictor of bipolar conversion (24). This is in line with the fact that the index episode for most BD cases is a depressive episode (22–24). However, the unknown degree to which “hidden BD patients” comprise MDD case samples makes it difficult to distinguish between pleiotropy and truly shared biological pathways in the association of genetic risk for BD with MDD. To further investigate this issue and other open questions such as whether BD-PRS decreases with increasing age in MDD cases, large-scale longitudinal studies of conversion rates for individuals diagnosed with MDD are needed.



BD-PRS and ADHD

The association between BD-PRS and ADHD case vs. healthy control status is in line with previous findings of high comorbidity and symptom overlap between the two disorders—especially in the age group assessed in the present study (20). However, as with MDD, there are multiple possible explanations for the observed association in the context of previous findings. It is unclear if the high comorbidity of BD and ADHD is simply a result of misdiagnosis due to similarity of symptom complexes, if it is a true comorbidity or whether ADHD is more likely a prodromal manifestation of BD (13). Given that all diagnoses were given based on the results of semi-structured interviews and standardized instruments based on the DSM-IV and DSM-5 and carried out by trained clinicians, we are confident that misdiagnosis in our sample was very unlikely. It is well-documented that a comorbid diagnosis of ADHD is associated with worse outcomes for BD-affected individuals. BD patients with comorbid ADHD have an earlier onset of diagnosed BD, a worse course of illness and a greater burden of other psychiatric comorbid conditions, regardless of whether the ADHD symptoms persist in adulthood or not (14, 57). Duffy (58) proposed that the clinical and biological overlap between BD and ADHD might also be part of a phenotype predicting a specific subtype of BD. In view of the fact that we focused on young adults in our study, our findings might represent a distinct early-onset subtype of BD.

While a recent review only found evidence for a weak association of BD-PRS with ADHD at best (54), various other results support the observed association between BD-PRS and ADHD diagnosis in our study (18–20, 24, 59). However, with regard to the genetic correlation between BD and ADHD, different iterations of the PGC BD-ADHD cross-disorder correlations give different results, and even the correlation between different PGC-BD GWAS phases varies. For example, a larger correlation was observed in Hulzen et al. (20) compared to the later study based on an increased sample by O'Connell et al. (18). In addition, one study has also found evidence for distinct underlying genetic mechanisms (20). Altogether, given the reported genetic association between BD and ADHD, our findings support the assumption that these disorders share genetic underpinnings. Of interest are similar positive genetic correlations of ADHD with early- and late-onset BD. Further research is needed to disentangle the distinct and shared genetic mechanisms of BD and ADHD.



BD-PRS and ER

Based on the heterogeneity of BD and the unknown composition of risk factors, it is challenging to accurately index individuals with a high propensity to develop BD (23). Most BD patients experience a variety of symptoms, which vary in severity, frequency, and duration and increase until they fulfill full diagnostic criteria (4, 6). However, some risk factors appear to be better indicators than others for propensity to develop BD. The best method to date to quantify risk for BD is the preliminary EPIbipolar (13) used to assign subjects the ER group in this study. Although the risk assessment tool uses key symptom profiles comprising weighted well-documented risk factors associated with later disease manifestation, it is still unclear how well EPIbipolar can measure/predict risk for BD (60). Likewise, EPIbipolar has not yet been tested for an association with BD-PRS. While we could observe a higher average BD-PRS in the ER sample compared to the healthy control group, BD-PRS was not a significant predictor of ER group vs. healthy control status per the corrected significance level. The limited statistical power of this subgroup analysis due to the small sample size of the ER risk group may explain why the weak association did not reach the level of statistical significance. These results underline the need for further research with larger sample sizes, envisaged by BipoLife (40, 41). The dichotomized EPIbipolar threshold for elevated risk used to assign subjects to the ER group (EPIbipolar risk, high-risk and ultra-high-risk group vs. no risk group classification) may also play a role in the negative findings. Exploratory analyses revealed a higher association between the BD-PRS and ER group vs. healthy control status when only subjects who fell into the EPIbipolar high-risk and ultra-high-risk groups were included. Therefore, the lack of association between BD-PRS and ER group status might be a result of an underestimated threshold that leads to an information bias (2, 9). A more stringent threshold for EPIbipolar results and larger sample sizes may enable the detection of an underlying association of BD-PRS with ER BD risk status.



Limitations

A limitation of the present study is the number of participants assessed, particularly when analyzing the three risk groups separately. While our power analysis indicated an adequate power to detect effects as described in the literature for BD case–control samples (31) for the combined risk group, power was limited for analyses of the individual subgroups. In order to detect more subtle effects or investigate the characteristics of subgroups in more detail, larger samples are needed. Another limitation is the predictive power of BD-PRS. While BD-PRS were derived from the largest GWAS of BD to date, substantially larger discovery samples are needed to fully leverage the predictive power of PRS. Additionally, PRS capture only common genetic variations and their effects on risk—rare variants may also play a role in BD risk. We also acknowledge that, by using the best-fit approach implemented in PRSice, the observed variance explained by PRS (pseudo R2; PRS.R2.adj = 0.0174038) is likely an overestimation of the true value. Finally, follow-up studies are required to determine how many high-risk participants convert to BD to determine the predictive validity of the BD-PRS associations.




CONCLUSION

In conclusion, we found associations between increased genetic risk for BD and increased odds of MDD and ADHD in young adulthood, but not for odds of ER group status. While PRS only explain a relatively small proportion of the variance of BD, the results of our study indicate that BD-PRS may be still useful for early identification and risk stratification in the future. Currently, the predictive power of psychiatric PRS is still too limited for clinical application (61). However, future, exponentially larger GWAS will substantially increase the signal reliably captured and increase the predictive power of PRS (39). Furthermore, methodological advances of risk scoring methods [e.g., by improved algorithms or inclusion of rare variants, will further improve genetic risk prediction (62)]. Given the comorbidity of MDD and BD, lack of early diagnosis, and the fact that a first onset MDD diagnosis may actually represent an early-onset BD phenotype, further work in longitudinal studies could explore how many high-risk individuals convert to BD. In this regard, it would be interesting to see if those who convert to BD are also those who have a high BD-PRS score. Additionally, a stricter definition of ER status to best reflect conversion risk could contribute to improved BD risk prediction.
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Background: Cognitive deficits are known as a core feature in bipolar disorder. Persisting neurocognitive impairment is associated with low psychosocial functioning. The aim of this study was to identify potential cognitive, clinical and treatment-dependent predictors for functional impairment, symptom severity and early recurrence in bipolar patients, as well as to analyze neurocognitive performance compared to healthy controls.

Methods: Forty three remitted bipolar patients and 40 healthy controls were assessed with a neurocognitive battery testing specifically attention, memory, verbal fluency and executive functions. In a randomized controlled trial, remitted patients were assigned to two treatment conditions as add-on to state-of-the-art pharmacotherapy: cognitive psychoeducational group therapy over 14 weeks or treatment-as-usual. At 12 months after therapy, functional impairment and severity of symptoms were assessed.

Results: Compared to healthy controls, bipolar patients showed lower performance in executive function (perseverative errors p < 0.01, categories correct p < 0.001), sustained attention (total hits p < 0.001), verbal learning (delayed recall p < 0.001) and verbal fluency (p-words p < 0.002). Cognitive psychoeducational group therapy and attention predicted occupational functioning with a hit ratio of 87.5%. Verbal memory recall was found to be a predictor for symptom severity (hit ratio 86.8%). Recurrence in the follow-up period was predicted by premorbid IQ and by years of education (hit ratio 77.8%).

Limitations: Limitations of the present study result mainly from a small sample size. The extent of cognitive impairment appears to impact occupational disability, clinical outcome as well as recurrence rate. This result must be interpreted with caution because statistical analysis failed to show higher significance.

Conclusions: Bipolar patients benefit from cognitive psychoeducational group therapy in the domain of occupational life. Deficits in sustained attention have an impact on occupational impairment. Implications for treatment strategies are discussed. Further evaluation in larger studies is needed.

Keywords: bipolar disorder, cognitive function, psychosocial functioning, occupational impairment, symptom severity, recurrence, cognitive psychoeducational group therapy


INTRODUCTION

Growing evidence suggests a considerable gap between syndromal and functional recovery among bipolar patients (1). Bipolar disorder (BD) is a severe mental illness; the course of the disease and the clinical outcome can be quite diverse. Treatment of BD often requires long-term medication and subsequently treatment adherence. There is a close relationship between treatment adherence and neurocognitive impairment (2). Neurocognitive deficits are known as a core feature in BD (3), including euthymic BD (4–6), subgroups (7) and are present during all stages (8) with a heterogeneous profile (4). Bipolar patients show poor performance in most cognitive domains, in processing speed, attention, verbal memory and executive functioning; in particular, context processing performance and associative learning are impaired (9, 10). Cognitive deficits are similar in bipolar I and bipolar II patients (11). Bipolar patients with psychosis exhibited more poorly on memory and executive function and had lower psychosocial functioning predicting limited recovery (12). There is not enough evidence so far for cognitive deficits being progressive in BD. A meta-analytic study did not support the hypothesis of a progressive decline of cognitive deficits (13). Cognitive dysfunction seems to be stable over time, only dysfunction in verbal recall was found to show a progressive course in a 5-year follow-up study (14). Medial temporal dysfunction (15) and reduced white matter integrity (16) have been suggested to be involved with verbal memory impairment early in the course of bipolar I disorder.

Psychosocial dysfunction may differ when patients with first- and multiple-episode BD are compared. Repeated episodes may contribute to higher impairment in multiple areas of psychosocial functioning. Clinical factors such as depressive symptoms seem to have a negative impact on functioning (17). Persisting neurocognitive impairments are also found to be associated with low psychosocial functioning (18–20), specifically with significant impairment in work, family and social life, beyond the acute phases of the illness and depending on the patient's own evaluations of their subjective functioning (21).

There is a need for further knowledge regarding predictors of the course of the disorder. Previous number of mixed episodes, subdepressive symptomatology, number of hospitalizations and older age were found to predict functional outcome. Bonnín et al. (22) demonstrated that subdepressive symptomatology together with neurocognitive impairments related to verbal memory and executive functions are predictor variables of long-term functional outcome in BD. The number of hospitalizations for depressive episodes and illness duration were associated with a reduction in occupational functioning in patients suffering from BD (23). Ryan et al. (24) examined impact of cognition on work status and underemployment in euthymic BD patients. Patients with BD who have better cognitive functioning are more likely to be employed. After accounting for number of mood episodes patients with BD who are unemployed/unable to work have greater difficulties processing emotional information and on executive tasks comprising a shifting or interference resolution component compared to BD patients who are employed. Bonnín et al. (25) examined predictors of functional outcome after a manic episode and showed that number of past depressive episodes, psychotic symptoms at index episode, and Body Mass Index (BMI) predict worse outcome after 6 months follow-up.

There is evidence that maintenance pharmacotherapy in conjunction with psychological interventions can improve the outcome (26). Adjunctive psychosocial interventions (27–36), including web-based and mobile approaches have been suggested to enhance symptomatic and functional outcome (37–43) in patients with BD -comprising adolescents (44)-, as well as in patients with subthreshold manifestations such as cyclothymic disorder (45). Presence of mixed episodes, full medication adherence and therapeutic blood levels of mood stabilizers were found predictive to attend a psychoeducation program (46). In a study with 55 patients with BD I and II in remission, 16-session psychoeducation seemed to be ineffective to prevent mood episodes or improve functioning (47). Functional remediation, a novel group intervention, showed efficacy in improving the functional outcome of a sample of euthymic bipolar patients as compared with treatment as usual (48, 49). Improvement in psychosocial functioning after functional remediation has been shown to be maintained after 1-year follow-up (50).

Clinical features and cognition related to functional outcome may have important effects on the overall therapeutic outcome. There is little evidence which clinical and neurocognitive variables would best predict the functional outcome in BD patients.

Aim of the present study was to identify potential cognitive, clinical and treatment-dependent predictors on functional impairment, symptom severity and early recurrence in patients with BD. As an additional predictor, the impact of cognitive psychoeducational group therapy [CPEGT, (51)] on psychosocial function was explored. Furthermore, it was assessed whether bipolar patients and healthy controls differ regarding neurocognitive performance in executive functions and sustained attention.



METHODS


Participants

Remitted bipolar patients were recruited consecutively from psychiatric outpatient and inpatient units at the Department of Psychiatry and Psychotherapy, Medical University of Vienna, Austria (N = 43) with the following inclusion criteria: age between 18 and 65 years, diagnosis of bipolar I or II disorder according to DSM-IV TR criteria using the Structured Clinical Interview for DSM-IV (SCID) (52) and the MINI [Neuropsychiatric Interview, (53)], at least two episodes in the last 3 years or three episodes in the last 5 years, ongoing medication with mood stabilizers and remission. Remission was defined by the following scores: Beck Depression Rating Scale <18 [BDI, (54)], Manie-Selbstbeurteilungsskala <14 [MSS: German version of the Self-Report Manic Inventory, SRMI, (55)], Bech Rafaelsen Mania Scale <9, [BRMAS, (56)], Bech Rafaelsen Melancholia Scale <26 [BRMES, (57)].

Exclusion criteria were intellectual disability, history of substance abuse, neurological disease, as well as any medical condition that could affect neuropsychological performance. Patients were also excluded if they had participated in any structured psychological intervention, such as psychoeducation or cognitive remediation, within the past 2 years.

To assess neurocognitive performance in bipolar patients in comparison to healthy volunteers, 40 controls matched by age, gender and years of education were included into the study. Using the MINI it was ensured that the controls had no antecedent of neurological disease, no current diagnosis or history of psychiatric illness, current or previous alcohol/substance dependence or abuse, and that they were not taking psychotropic medication.

All participants, patients and controls, were fluent in German. The study was conducted in accordance with the ethical principles of the Declaration of Helsinki and Good Clinical Practice. The study protocol was approved by the Vienna University Hospital Ethics Committee. All subjects received extensive information about the study and gave written informed consent for their participation before they were enrolled in the study.



Assessments

Demographical and clinical assessment: In addition to the SCID and MINI, all patients were evaluated with BDI, MSS, BRMES, and BRMAS.

Demographical and clinical information were obtained from clinical charts and patient interviews (age, gender, years of education, duration of illness, bipolar subtype, number of manic, hypomanic and depressive episodes, history of psychosis, current medication). The severity of symptoms was assessed using the Clinical Global Impression scale [CGI, (58)].

Functional impairment in areas of vocational, social and family was rated applying the Sheehan Disability Scale [SDS, (59)].

Neuropsychological assessment: At baseline bipolar patients completed a neurocognitive test battery including different tasks divided into cognitive domains: estimated premorbid IQ, using a German multiple choice vocabulary test, the Mehrfachwahl-Wortschatz-Test [MWT, (60)]; attention/vigilance, which was evaluated by the Continuous Performance Test, Identical Pairs [CPT-IP, (61)]; executive function (set shifting, planning and response inhibition) using the Computerized Wisconsin Card Sorting Test [WCST, (62)]; verbal learning and memory which were assessed by the Verbal Learning and Memory Test [VLMT, (63)] and verbal fluency using the Regensburger Word Fluency Test [RWT, (64)].

Reassessment: Patients underwent clinical and functional reassessment after completion of the intervention (14 weeks after baseline evaluation). Furthermore, a follow-up assessment was performed after 12 months.

At 12 months functional impairment in areas of vocational, social and family life was assessed applying the SDS, severity of symptoms was rated using the CGI. The recurrence rate was established. Recurrence was diagnosed when full DSM-IV TR criteria for a new affective episode were met; adherence toward psychopharmacology was measured using the Medication Compliance Questionnaire [MCQ, (65)].



Interventions

Of the 43 bipolar patients, 19 (12 female) were randomly assigned to the intervention group and 24 to the treatment as usual (14 female). There were no significant differences between the groups with regard to age, gender, BD I/BD II, rapid cycling, duration of illness, number of episodes, education, being in a job or current medication (choice of mood stabilizer, taking an antipsychotic). All 43 patients received state-of-the-art pharmacotherapy and completed the study.

Patients were randomized to either cognitive psychoeducational group therapy (CPEGT) (51, 66) over 14 weeks or to treatment as usual (TAU information group).

CPEGT consisted of 14 sessions; the duration of each session was 90 min. The contents of CPEGT were distributed in the following way: session 1–introduction and overview, session 2–explanatory models of bipolar disorders, session 3–pharmacotherapy, session 4–side effects of medications, session 5–depression I–symptoms and coping strategies, session 6–depression II—increase of pleasant activities, session 7–depression III—modification of depressive cognitive patterns, session 8–depression IV–relapse prevention, session 9–mania I–symptoms and coping strategies, session 10–mania II–relapse prevention, session 11–healthy lifestyle I–regular rhythm of life without alcohol and drugs, session 12–healthy lifestyle II—the “Life Chart Method,” session 13–healthy lifestyle III–goal attainment and communication strategies, session 14–review.

Additionally, between two and four sessions were performed with relatives.

Patients in the control group also had regular group sessions. The thematic focus was on reading a book about BD [“Sturzfliegen” by Vasak and Katschnig, (67)]. In addition, three questions and answers sessions were provided. Booster sessions were offered after 6 and 9 months for both treatment and control group.



Statistical Analysis

Data were analyzed using the Statistical Package of Social Sciences (SPSS Inc. 19th Version, Chicago, IL, USA). Differences in demographic characteristics and neurocognitive measures between patients with bipolar disorder and controls were studied using independent t-test for continuous variables. Chi–square was used to examine categorial data. Pearson correlations were calculated to identify which demographic, clinical and neurocognitive variables were linked to functional impairment (three domains assessed by the SDS), symptom severity (CGI) and recurrence rate (number of episodes in the follow-up period of 12 months). The demographic variables were age, gender, years of education. The clinical variables were CPEGT, duration of illness, BDI, MSS, number of affective episodes in the 12 months prior to the start of the study, history of psychosis, current medication. The neuropsychological variables were premorbid IQ (MWT), attention/vigilance (CPT-IP, CPT –IP total hits, total false), WCST categories (categories correct, perseverative errors, verbal learning and memory (VLMT, immediate recall, delayed recall) and verbal fluency (RWT, p-words, s-words).

All significant variables (demographic, clinical and neurocognitive) that were found to correlate with functioning, CGI and recurrence rate were introduced in a five backwards stepwise logistic regression analyses. Additional variables from the literature, including correlations between clinical, neurocognitive measures and functional outcome, were considered (23). Backward (Wald) logistic regressions were used to predict functioning, CGI and recurrence rate and estimate percentage variance accounted for by variables of interest.

Level of significance was set at ≤0.05.




RESULTS


Demographic and Clinical Characteristics

Thirty three patients with bipolar I disorder and 10 patients with bipolar II disorder were included; of the 43 bipolar patients seven were rapid cyclers. The age (mean ± SD) was 42.2 ± 10.9 years, the years of education 16.0 ± 4.0. The average duration of illness was 15.3 ± 10.3 years; the number of affective episodes in the 12 months prior to the start of the study was 3.4 ± 2.4 [0–8]. Fifteen patients (34.9%) had a history of psychotic symptoms, 26 (60.5%) were female. All 43 patients received at least one mood stabilizer (lamotrigine 17, sodium valproate/valproic acid 16, lithium carbonate 11, carbamazepine 3); additional medications were atypical antipsychotics (22 patients), antidepressants (10) and hypnotic drugs (benzodiazepines/zolpidem: 5). For an overview of all demographic, clinical and neurocognitive characteristics see Table 1.


Table 1. Demographic, clinical and neurocognitive characteristics of patients with BD at baseline (n = 43).
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Neurocognitive Performance in Bipolar Patients
 
Comparison With Healthy Controls

Neurocognitive performance was compared to 40 healthy controls matched by age, sex and years of education. Compared to healthy controls, patients with BD showed lower performance in executive functions as measured by the WCST (perseverative errors p ≤ 0.01, categories correct p ≤ 0.001), in sustained attention (CPT-IP total hits p ≤ 0.001), in verbal learning (VLMT delayed recall p ≤ 0.001) and verbal fluency (RWT p-words p ≤ 0.002).



Pearson Correlations of Demographic, Clinical, and Neurocognitive Characteristics of Patients With BD (Table 2)

CPT-IP false hits (r = 0.36, p = 0.023) and WCST total correct (r = 0.41; p = 0.009) correlated with number of affective episodes in the 12 months prior to the start of the study.


Table 2. Pearson correlations of demographic, clinical and neurocognitive characteristics of patients with BD at baseline (n = 43).

[image: Table 2]




Effects of Therapy
 
Effects of Therapy on Number of Episodes

As previously communicated (68, 69), after 14 weeks of therapy an improvement in illness concepts and adherence was observed in both the CPEGT group and the TAU group; after further 12 months the number of manic episodes was significantly decreased in both groups as compared to the 12 months before the intervention. A significant reduction of the number of depressive episodes was observed after CPEGT; after TAU the number of depressive episodes remained unchanged.



Functional Impairment, Severity of Symptoms, and Early Recurrence: Pearson Correlations

SDS score impairment in areas of vocational functioning correlated with CPEGT (r = 0.381; p = 012) and CPT-IP (false r = −0.411; p = 0.006). Scores in CGI correlated with verbal learning immediate recall (r = 0.338, p = 0.038) and verbal learning delayed recall (r = 0.336, p = 0.039). Finally, recurrence was found to correlate with verbal learning immediate recall (r = 0.381, p = 0.018) and verbal learning delayed recall (r = 0.397, p = 0.014).



Regression Analyses

As shown in Table 3, CPEGT and CPT-IP (total false) predicted the amount of occupational impairment (hit ratio of 87.5%). VLMT delayed recall was found to be a predictor for symptom severity as measured by CGI (hit ratio 86.8%). Recurrence in the follow-up period of 12 months was predicted by MWT and years of education (hit ratio 77.8%).


Table 3. Functional impairment, severity of symptoms and early recurrence: results of regression analyses.
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Of these predictors reaching the previously defined significance level of p ≤ 0.05, CPEGT (with regard to occupational impairment) was the only predictor reaching a significance level of p ≤ 0.01.

No significant predictors were found for social disability and family-life impairment.





DISCUSSION

Patients with BD are impaired in the domains of attention, verbal memory and executive functions (4). The results of our study confirm these findings showing specific deficits in sustained attention, executive function, verbal memory and also in verbal fluency. Remitted bipolar patients had clinically significant cognitive deficits compared to healthy controls. The patients in this study were characterized by a particularly long duration of illness (average of 15.3 years). Looking at the association between number of affective episodes in the 12 months prior to the start of the study and cognitive function a significant correlation was found between number of affective episodes and impairment in the domain of sustained attention (continuous performance test: total false). Unfortunately, due to the small sample size (N = 43), it was not possible to assess which type of past episodes (depressive, manic or mixed) led to the reduction of sustained attention in these remitted patients. Clearly, further research on neurocognitive dysfunction in rapid cycling bipolar disorder (70) is suggested by our finding. Data on cognitive impairment in bipolar patients might have important clinical and therapeutic implications and provide support for the necessity to use neurocognitive assessments in routine clinical examination in patients with BD (2–4, 71).

Cognitive deficits might be also an important factor for the success or failure of therapeutic interventions, both pharmacological and non-pharmacological. As cognitive deficits are a core feature in BD, recommendation should be given for specific cognitive interventions in subgroups of patients with clinically significant cognitive impairments. The effectiveness of different psychosocial interventions might be influenced by cognitive function: so far this has not been thoroughly studied to our knowledge. In this study bipolar patients were offered a cognitive psychoeducational group therapy program [CPEGT, (51)]. This study reports data from a logistic regression analysis looking at the impact of this training on functional outcome and recurrence rate. The sample in this study was characteristic in that patients showed a long duration of illness and a corresponding cognitive impairment.

Our study shows a significant impact of CPEGT on functional outcome in patients with BD; to a lesser degree also CPT-IP (false hits) predicted occupational impairment. These findings are clearly preliminary due to the small sample size, but CPEGT seems to be a useful additional therapy to medication to treat patients with long duration of illness. All patients completed the 14-week intervention group, which is consistent with a high acceptability of the treatment strategy. Our study on CPEGT supports the concept that specific psychosocial interventions targeting specific aspects of BD can be beneficial (72, 73).

Very little is known about the longitudinal course of cognitive deficits and the neuropsychological underpinnings of the dynamics of BD (74). Improving the knowledge on the development in time of cognitive dysfunction in BD [role of depressive episodes, role of manic episodes, role of mixed episodes, role of specific medications for better or for worse, role of cognitive remediation programs, role of inflammatory mediators (75), role of genetic factors (76, 77)] would contribute to identify targets for treatment, to determine possible subtypes of the disorder, and to develop better therapeutic strategies (78, 79). The metaanalytic study by Samamé et al. (13) showed that cognitive deficits remain stable after a follow-up period of 4.62 years. In a study of Demant et al. (80) no significant effect of shortterm cognitive remediation on cognitive dysfunction was found. In our study verbal learning memory deficits at baseline showed correlation with severity of symptoms after 12 months; we therefore suggest that specific intensive and individualized cognitive training may be indicated for this chronic subgroup of patients with BD.



LIMITATIONS

Limitations of the present study clearly result from the small sample size. While the number of affective episodes in the 12 months prior to the start of the study was correlated to disturbances in sustained attention, it was not possible to assess which polarity of episodes was responsible for this effect.



CONCLUSION

Compared to healthy controls bipolar patients show cognitive impairment.

The extent of cognitive impairment appears to impact occupational disability and clinical outcome.

Occupational impairment was reduced by cognitive psychoeducational group therapy (CPEGT).
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Bipolar disorder (BD) is a severe psychiatric disorder characterized by recurrent episodes of manic/hypomanic or depressive symptoms and euthymic periods, with some patients suffering a gradual deterioration of illness and consequent cognitive deficits during the late stage. Migraine is a disease generally without abnormal medical examinations, neurological examinations or laboratory studies, and the diagnosis is made based on the retrospective demonstration of headache features and groupings of disease-associated symptoms. The epidemiology of comorbid BD and migraine is high and it is obligatory to find effective treatments to improve the prognosis. Recent investigations demonstrated that the close relationship between BD and migraine significantly increased the rapid cycling rates of both BD and migraine in patients. Although the detailed mechanism is complex and largely unclear in comorbid BD and migrain, genetic factors, neurotransmitters, altered signaling pathways, disturbances of inflammatory cytokines, and mitochondrial dysfunction are risk factors of BD and migraine. Particularly these two diseases share some overlapping mechanisms according to previous studies. To this end, we call for further investigations of the potential mechanisms, and more efforts are underway to improve the treatment of people with comorbid BD and migraine. In this review, we provide an overview of the potential mechanisms in patients with BD or migraine and we further discuss the treatment strategies for comorbid BD and migraine and it is obligatory to find effective treatments to improve the prognosis. This work will provide insights for us to know more about the mechanisms of comorbid BD and migraine, provides new therapeutic targets for the treatment and give clinicians some guidance for more appropriate and beneficial treatment.
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INTRODUCTION

Bipolar disorder (BD) is a severe psychiatric disorder and characterized by recurrent episodes of manic/hypomanic (namely BD-I/BD-II, respectively) or depressive symptoms and euthymic periods, and some patients experience a gradual deterioration of illness and consequent cognitive deficits (1). Therefore, these 2 types of BD was distinguished according to the severity of manic symptoms. Furthermore, BD-II is not severe enough to cause social or occupational functional impairment or hospitalization; in contrast, manic and even psychotic symptoms are more severe in BD-I, and patients often require hospitalization. The incidence rate of symptomatic depression in patients with BD (BD-I or BD-II) are 3 times more than the incidence rate of mania or hypomania (2). The onset of BD occurs predominantly in adolescence or early adulthood. The lifetime prevalence of BD is appropriately 2.1% globally, and the prevalence of subthreshold forms is ~2.4% (3). With a diagnosis of BD, life expectancy decreases by 9 years on average (4), and the completed suicide rates of men and women with BD are 7.8 and 4.9%, respectively (4, 5). After the development of complications related to BD, such as metabolic and cardiovascular diseases, patients with BD will consequently experience poor quality of life, impaired cognitive function, functional impairments and social impairments.

Migraine is a disease without abnormal medical examinations, neurological examinations or laboratory findings, and the diagnosis is made based on retrospective demonstration of headache features and groupings of disease-associated symptoms. Patients with migraine frequently experience episodic attacks, including recurrent headache, gastrointestinal symptoms, and autonomic nervous system symptoms (6). Migraine can also results in decreased quality of life, impaired cognitive function, disturbed brain function and social impairments (7). The prevalence rate of migraine in healthy individuals was 14% with the lifetime prevalence in men was 6%, and 17.6% in women in the United States (8, 9). Psychiatric disorders are common in multiple neurological disorders, migraine is one of the disorders with a high prevalence, and there is a heritable link between BD and migraine (10, 11). Even migraine is not caused by psychiatric illness, and a large proportion of people with migraine are not diagnosed with any comorbid psychiatric disorder. Parental migraine was associated with increased likelihood and a risk factor for offspring BD even in the absence of parental BD, the prevalence of migraine in the BD population may be as high as 39% and rapid cycling as a feature of bipolar disorder and comorbid migraine (10, 12, 13). BD and migraine share multiple similar risk factors, including genetic factors, environmental risk factors, oxidative stress and disturbances of inflammatory cytokines. Both diseases lead to decreased quality of life and multiple dysfunctions in humans (Figure 1). Patients with comorbid BD and migraine have poorer treatment outcomes and increased disability (14). In this review, we provide an overview of the potential mechanisms in patients with BD or migraine and we further discuss the overlapping mechanisms and treatment strategies for comorbid BD and migraine, the potential treatments for patients with comorbid BD and migraine, with the purpose of giving clinicians some guidance for more appropriate and beneficial treatment to the comorbidity.


[image: Figure 1]
FIGURE 1. BD and migraine share multiple similar risk factors, including genetic factors, environmental risk factors, oxidative stress and disturbances of inflammatory cytokines. Both diseases lead to decreased quality of life and multiple dysfunctions in humans.




METHODS

We conducted a systematic search of two major databases: PubMed and Embase from January 1991 to July 2020. The search terms used were “bipolar disorder/s, manic depressive, manic depression, comorbidity, and migraine.” The terms were cross-referenced to yield a comprehensive search. We also conducted manual searches of bibliographies of reviewed articles. We included in this review original research articles of descriptive, controlled and animal studies and several review articles. The search was limited to English language journals.


Potential Mechanisms of BD

Multiple pathophysiological processes, such as genetic abnormalities, abnormal regulation of neurotransmitters, altered signaling pathways, reduced neurotrophic factors, inflammatory disturbances, mitochondrial dysfunction, cell apoptosis and impaired cell resilience, may be involved in the development of BD. The interaction of these processes leads to abnormal neuronal function which may result in mood instability, disturbed energy metabolism, abnormal biological rhythms and cognition defects (Table 1). Patients with BD present an increased rate of DNA damage compared to that of controls, which is closely related to the severity of BD symptoms (32). The gray matter volume showed by the positron emission tomography (PET) was significantly decreased in the subgenual prefrontal cortex sections from BD patients, which was closely related to a reduced glial cell number and neuronal cell number or size (33, 34). Calcium signaling, particularly through voltage-gated calcium channels, was thought to play vital roles in the pathogenesis and treatment of BD, the expression of the calcium channel Cav1.2 subunit, which is encoded by CACNA1C (the most likely BD gene), was also abnormally regulated in the pathogenesis of BD (15, 35). Combined data from genome-wide association studies (GWASs) and gene expression experiments revealed that hormone regulation, second messenger pathways, glutamatergic transmission and histone expression, even the immune system were all involved in the pathogenesis of BD (36, 37). Monoamines and gamma-amino butyric acid (GABA) are important in the pathophysiology of BD (16). In addition, serum brain-derived neurotrophic factor (BDNF) is decreased (17), while neurotrophin-3 (NT-3) (18) is upregulated in patients with BD who are experiencing a manic state or a depressive state. Furthermore, controlling the release of BDNF contributes to the effective treatment of BD, and BDNF has been reported to regulate the cell survival rate in individuals with BD (38).


Table 1. Multiple pathophysiological processes participate in the development of BD.
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Patients with BD always exhibit a disturbed balance between pro-inflammatory factors and anti-inflammatory factors. The peripheral levels of inflammatory factors, including the interleukin (IL) family, IFN-gamma (IFN-γ) and tumor necrosis factor-alpha (TNF-α), are upregulated in the manic episode of BD patients compared to those in healthy controls, while the level of IL-4 is downregulated in BD patients compared to that in healthy controls (19). Modabbernia et al. demonstrated significantly elevated levels of TNF-α and its receptor, IL-6 and its receptor, IL-2 receptor, IL-4, IL-10, and IL-1 receptor antagonist (IL-1RA) in patients with BD compared to those in healthy individuals (21, 22). In addition, individuals with BD who are experiencing mania have been shown to express higher levels of TNF-α, sTNF-R1, and sIL-2R than healthy controls, and the levels of sTNF-R1 and TNF-α in manic BD patients are higher than those in patients experiencing euthymia. Furthermore, the expression level of sTNF-R1 is significantly upregulated in patients experiencing euthymia compared to that in healthy controls (23). The expression level of the TNF receptor was more significantly decreased in BD patients experiencing a depressive state than in those experiencing a manic/hypomanic state or euthymic state, and this expression level was also downregulated in BDII patients compared to that in BD I patients (24). Adiponectin is decreased in bipolar depression, and might interfere with the pathophysiological mechanisms of BD and its somatic comorbidities via involvement in metabolic and inflammatory processes (39). Glial inflammatory factors, including glial fibrillary acidic protein, nitric oxide (NO) synthase, c-fos and CD11b, and astroglial inflammatory factors, including myeloid differentiation factor 88, nuclear factor-kappa β (NF-κβ), cyclooxygenase, prostaglandin-E synthase, IL-1β and IL-1 receptor, were significantly upregulated in the postmortem frontal cortex of BD patients compared to those in healthy controls, thus indicating that microglial and astroglial activation are promoted during the pathogenetic process of BD (20). However, another study showed that the levels of the N-methyl-D-aspartate (NMDA)receptors NR-1 and NR-3A were downregulated in BD patients compared to those in healthy controls, and the levels of TNF-α and Neural Nitric Oxide Synthase(nNOS) were not altered in these patients (20).

On the other hand, mitochondrial dysfunction results in the impairment of cell resilience and participates in the initiation and progression of BD (40). BD has also been demonstrated to be associated with impaired respiratory complex function and the induction of cellular degeneration (41). Oxidative stress occurs after an imbalance of redox homeostasis is initiated, accompanied by overexpression of free radicals or deficiencies in the antioxidant response. The pH was increased in cerebral tissue from manic patients compared to that in cerebral tissue from euthymic BD patients, but was decreased in cerebral tissue from euthymic BD patients compared to that in cerebral tissue from healthy controls (25). Moreover, expression of mitochondrial electron transport chain-related genes, such as complex I, complex IV and complex V, were downregulated in the frontal cortex of BD patients compared to that in healthy controls (26). In another postmortem study, Buttner et al. showed that oxidative stress-induced DNA fragmentation was enhanced in non-GABAergic neurons in the anterior cingulate cortex of BD patients compared to that of schizophrenic patients or healthy controls (27). Ouabain significantly increased superoxide generation, lipid peroxidation and thiobarbituric acid reactive substances (TBARS) to induce the generation of rats in a mania-like state (28). Moreover, Wang et al. found that the level of 4-hydroxynonenal (4-HNE, a major product of lipid peroxidation) was significantly increased in postmortem anterior cingulate brain sections from BD patients compared to the healthy controls, and 4-HNE levels were significantly correlated with pH values in BD patients (29). However, superoxide dismutase (SOD) activity was found to be upregulated only in patients experiencing acute phases of BD, such as manic episode or depressive episode, but not altered in patients experiencing an euthymic state of BD or healthy controls. In addition, the TBARS level was upregulated in BD patients at all stages compared to that in healthy controls (30). The expression level of 3-nitrotyrosine is upregulated during the early and late stages of BD; in contrast, the expression levels of glutathione reductase and glutathione S-transferase (GST) are significantly upregulated in patients during the late stage of BD compared to those in patients during the early stage of BD. Consequently, cumulative oxidative stress promoted the release of these antioxidant enzymes to reduce further oxidative stress-induced damage during the progression of BD. The total antioxidant status, total oxidant status and oxidative stress index are significantly upregulated in BD patients compared to those in healthy controls. Furthermore, the fact that BD-I is more severe than BD-II may be attributed to the higher total oxidant status in BD-I patients than in BD-II patients (31).



Potential Mechanisms of Migraine

Patients with migraine are more susceptible to headaches and associated clinical symptoms when they are experiencing a hyperexcitable brain state, and they perceive painful emotions and experiences. However, the potential mechanisms underlying the pathophysiology of migraine should be further investigated to shed light on the treatment of this complicated disease (Table 2). The dysfunction of descending pain modulatory circuits, which leads to a loss of pain inhibition and hyperexcitability in nociceptive areas of the brain (53). Dopamine receptors are involved in the determination of migraine trait, and migraine patients with dopaminergic symptoms are characterized by a full-blown, more disabling migraine (54). After scanning five patients who did not receive any migraine prophylaxis by PET, Afridi et al. found that there was a significant activation of the dorsolateral pons during spontaneous migraine attacks and concluded that migraine was a kind of subcortical disorder (55). More recently, other imaging studies have shown that there is also a significant activation of posterior/dorsal thalamic sections in patients with spontaneous migraine (56). Pain signals in the brain are transferred centrally to the trigeminal nucleus caudalis and the trigeminocervical complex, which then sends fibers to the thalamus and the autonomic nuclei, and finally, the thalamic neurons project to the somatosensory cortex and parts of the limbic system. This progress of neural communication is mediated by a number of neuropeptides and neurotransmitters, including monoamines (57). Altered perception of stimuli that is not painful promotes the reflection of pain and activates the feed-forward neurovascular dilator mechanism in the first division of the trigeminal nerve. After stimulation with functional 5-hydroxy tryptamine in the trigeminal nerve endings, the release of calcitonin gene-related peptide was decreased, and a mild level of vasoconstriction could be triggered by stimulating receptors on meningeal blood vessels and the trigeminal nucleus caudalis, thus resulting in decreased central neuronal signaling (57). Monoclonal antibodies to Calcitonin Gene-related Peptide (CGRP) or its receptors, have proven efficacy on migraine prevention, in both episodic and chronic migraine. Kainate and NMDA receptor antagonists, pituitary adenylate cyclase-activating polypeptide(PACAP) type 1 receptor (PAC1) agonists and Kynurenic Acid(KYNA) analogs are still in preclinical phase for the treatment of migraine (58).


Table 2. The potential underlying mechanism during the pathophysiological process of migraine.
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Migraine may also be induced by brainstem dysfunction, which initiates perimeningeal vasodilatation and neurogenic inflammation. As the potential mechanisms of migraine are extraordinarily complex, inflammation is a salient factor in the pathophysiology of migraine. The levels of blood oxygenation level-dependent (BOLD) signals are significantly elevated in migraine attacks with extracephalic allodynia compared to those in the corresponding responses (46). In addition, levels of the well-known pro-inflammatory cytokines, including IL-10, TNF-α, and IL-1β were significantly upregulated during acute migraine attacks compared to those outside of acute attacks, while the levels of IL-10 and TNF-α were increased in migraine patients soon after headache onset but decreased over time (47). The release of chemokines was increased in migraine patients and stimulated the activation of trigeminal nerves (48). Oxidative stress, such as NO, serves as a critical factor in the pathophysiology of migraine, and an elevated level of NO-induced inflammation has been reported in migraine patients (48). Moreover, increased expression of NO induced headache in normal volunteers and delayed headache in migraine patients (49). 4-Hydroxy-2-nonenal levels are upregulated in female migraine patients compared to those in healthy controls and have been shown to be significantly correlated with the NO pathway, insulin metabolism and lipid metabolism (50). NO and TBARS levels were upregulated in patients with migraine compared to those in healthy individuals (51, 52). In recent years, studies have shown that imbalances between oxidative stress and the antioxidative response participate in the pathophysiology of migraine, as the levels of oxidative stress-related genes and enzymes are elevated, whereas the levels of antioxidant genes and enzymes are diminished during the progression of migraine.



The Overlapping Mechanisms of BD and Migraine

In recent years, the potential mechanisms of comorbid BD and migraine have been widely investigated, and future research focused on genetic factors, brain imaging, mitochondrial dysfunction and inflammatory factors may further elucidate the underlying mechanisms. Epidemiological and clinical studies have showed a high degree of comorbidity between BD and migraine, they two may have multifactorial polygenic etiology and share common pathophysiology (59). Since there is a strong bidirectional association between migraine and BD, revealing the potential overlapping neurobiological mechanisms of these two diseases could promote the development of novel treatments. Parental migraine has been demonstrated to serve as a risk factor for offspring BD, even in patients without parental BD, and there seems to be a common genetic factor between BD and migraine. However, BD is more closely related to comorbid migraine than parental migraine, and this elevated comorbidity may be attributed to nongenetic factors (60). Both of BD and migraine are closely associated with abnormalities in serotonergic pathways, dopaminergic pathways, and glutaminergic systems. Central serotonergic activity is reduced during the depressive and euthymic phases of BD (61), while the serotonin level is low in migraine patients between attacks and is upregulated after the initiation of a migraine attack (62). As dopamine is a well-recognized factor in migraine pathophysiology, dopamine receptor antagonists, as prochlorperazine, chlorpromazine, metoclopramide, and promethazine are first-line agents in the emergency room setting for migraine (63). The levels of glutamate were significantly upregulated in the anterior cingulate cortex and downregulated in the hippocampus in BD patients compared to those in controls (64). Glutamate from platelets was released and amino acids was increased in migraine patients with aura and without aura, although this increase was more significant in migraine patients with aura. Platelet glutamate uptake, assessed by 3H-glutamate intake, was increased in migraine patients with aura, but it was reduced in migraine patients without aura compared to that in healthy controls (65). The blood levels of leptin and adiponectin of the migraineurs are associated with disease pathogenesis of migraine (66).

Calcium channels Cav1, Cav2, and Cav3 are the targets of mutations and polymorphisms that alter their function and regulation can lead to neuropsychiatric diseases, including migraine and BD (67). Genome-wide linkage studies in BD and migraine patients proved that there were overlapping areas of linkage on chromosomes. CACNA1A and CACNA1C, which are voltage-dependent calcium channels, have recently been proven to play critical roles in FHM and BD. Furthermore, there is a locus on chromosome 20p11 with overlapping elevated logarithm of odds scores for both migraine and BD, and the locus harbors a well-known gene, namely, SLC24A3, which encodes a potassium-dependent sodium/calcium exchanger for maintaining calcium homeostasis in nervous tissue (68). Although another study found that there was no relationship between rs10994336 in ANK3 during the progression of BD and rs1006737 in CACNA1C during the progression of migraine, this result may be attributed to the small sample size (69). Oedegaard et al. used GWAS to compare BD patients without headache and BD patients with migraine and found that there were nine single nucleotide polymorphism (SNP) (Chr13:41192397-41388566) values in chromosome 13q14.1 in BD patients with migraine, and genetic variants of the KIAA0564 gene region may predispose to migraine headaches in patients with BD. The strongest relationship was reported for several single nucleotide polymorphisms in a 317-kb region, whereas rs9566845 and rs9566867 remained the most prominent genetic variants in this study (70). Dopamine pathway genes, including LIM homeobox transcription factor 1, alpha (LMX1A) and neuregulin 1 (NRG1), are associated with cognitive performance in BD patients, the rs35753505 SNP was associated with increased performance, while the rs11809911 SNP in LMX1A was associated with reduced IQ and memory (71).

Furthermore, it has been reported that the pathophysiologic mechanisms of BD and migraine can be attributed to chronic inflammation, a disturbance of the balance between oxidative stress and the antioxidative stress response, and the regulation of nitrosative stress (72, 73). Panx1 channels and Connexins 43 hemichannels appears to be involved in inflammation and has been documented in migraine and BD (74). Furthermore, targeting the inflammatory pathways may decrease the cooccurrence of BD and migraine; thus, the elucidation of the related inflammatory pathways may offer new pharmacological strategies (75, 76). In addition, these inflammatory cytokines may serve as biomarkers for the prediction of outcomes. These pathological mechanisms may induce cross-sensitization between BD and migraine, thus shifting the illnesses to a more severe form, and patients with both diseases respond poorly to pharmacotherapies, with relapsing acute mood episodes, cognitive dysfunction and functional deficiency, and decreased life expectancy.



Current Treatments of BD and Migraine
 
Current Treatments of BD

Patients with BD theoretically experience interspersed euthymia and relapsing mood episodes of depressive and manic status (77), while actual BD symptoms are more complex, and the patients experience mixed mood states and potential cognitive impairments (78). As BD is termed as a dynamic and fluctuating disease, the control of this lifelong disease is challenging. During the early stages, patients with BD respond favorably to psychiatric and psychosocial therapy and exhibit less cognitive dysfunction and fewer functional impairments, but they exhibit accelerated rapid cycling of episodes, severe brain structural abnormalities, a higher prevalence of other comorbid diseases, and many more abnormal peripheral biomarkers after the illness progresses (79).

Mood stabilizers, including the univalent ion lithium, valproate, lamotrigine, and carbamazepine, serve as the cornerstones of therapy, and individual atypical antipsychotic medications are emerged as common choices to control acute manic/hypomanic and acute depression in order to maintain the treatment during the remission phase (80). Although patients with BD sometimes experience a normal mood state, they may also experience persistent mood instability during this period (81). Moreover, the relapse rate is high even in patients receiving combination treatment. Depression or mania will recur in 37% of patients within 1 year and in 60% of patients within 2 years (82). Mood episodes, especially mania, have been demonstrated to be related to cell death of neuronal cells and glial cells, which is induced by apoptotic inflammatory cytokines (83). Thus, it is urgent for investigators to develop new drugs to eliminate these inflammatory factors targeting at these disorders; lithium and valproate exert protective effects through their immunomodulatory properties in BD patients (75). Traditional mood stabilizers for BD significantly downregulate the levels of phospholipase A2 (PLA2) and cyclooxygenase (COX), which directly participate in the regulation of immunity and inflammatory cytokine release (84), and other drugs, including nonsteroidal anti-inflammatory drugs (NSAIDs) and glucocorticoids, also exert anti-inflammatory activity to ameliorate BD symptoms (85). In addition to anti-inflammatory function, mood stabilizers (lithium and valproate) upregulate SOD activity and glutathione activity and downregulate the generation of oxidative stress and mitochondrial dysfunction in BD (86). Long-term oral administration of lamotrigine or olanzapine significantly upregulated GST-M1 expression levels and GST activity in rat cerebral cortical cells, which suggested that GST-M1 may serve as an important drug target for the treatment of BD (87). Patients receiving behavioral and cognitive-behavioral therapies are free from the adverse effects of chemical drugs; in addition, such therapies make it easier for the patients to control their own disease by modifying distorted thinking, increasing their motivation to participate in pleasurable activities and improving their problem-solving abilities, and these therapies can be easily added to integrated therapy. The combination of pharmacotherapy, behavioral and cognitive-behavioral therapies improves medication adherence, delaying disease recurrence and improving the maintenance of treatment gains in patients with BD (88).



Current Treatments of Migraine

The symptoms of patients with migraine can be influenced by environmental triggers, including bad eating habits, sleep disorders, stressful stimulation, emotional status, hormone fluctuations in women, and weather changes (57). The current main treatment for moderate-to-severe migraine is serotonin receptor agonists, namely, triptans (89). After treatment with a triptan and another serotonergic agent, migraine patients may experience serotonin syndrome (90), and clinicians must pay attention to control the side effects of these agents. Several preventive medications, including anti-depressive drugs, antiepileptic drugs, hypotensive drugs, dietary supplements, herbal medicines, and botulinum toxin, are widely used as effective preventive treatments for clinical migraine symptoms (91). The comorbidity of migraine with evening chronotype BD patients is higher than compared with non-evening types of BD, and exogenous melatonin supplementation plays the potential prophylactic role in patients with episodic migraine, even there is no conclusive evidence comparing the efficacy of exogenous melatonin supplementation for migraine prophylaxis to the other FDA-approved pharmacotherapy (92, 93). Doctors can choose a targeted medication according to the patient's general health state, current comorbidities, additional drugs and personal preferences. In addition to medications, other strategies, including lifestyle changes, self-management techniques, and relaxation, can be used to control the symptoms of migraine in patients (94).



Potential Treatments for Patients With Comorbid BD and Migraine

There are still no optimal alternative treatments for patients suffering from comorbid BD and migraine, but several pharmacological treatments, such as valproate, lithium, lamotrigine, quetiapine and topiramate, are widely used to prevent the onset of both migraine attacks and acute manic or depressive episodes in patients with BD (95, 96). Patients with comorbid BD and migraine were younger and more educated and had a family history of either disease, but they had fewer hospitalizations for psychiatric disorders. The initial symptom for such patients is depression rather than hypomania or mania, and they are prescribed fewer mood stabilizers but more atypical antidepressants by their doctors. Improper antidepressant treatment used and analgesic drug abuse in cormobid patients is not rare, which leads to the reduction threshold of pain in cormobid BD with migraine patients, and then, may further interfer the patients' clinical medication (97). BD patients with migraine experience missed diagnosis and a lack of effective treatments; 27.9% of these patients receive antimigraine medications (triptans) (98). A study demonstrated that 1.8% of the total study population received specific treatments for migraine, and 0.45% of the population received a mood-stabilizing agent for BD; among these patients, only 843 in 4,640,219 individuals received both types of medications. Moreover, there was a strong positive association between treatment with migraine medications and treatment with mood-stabilizing agents (99). In recent years, comorbidity with BD has garnered increased attention, particularly in the psychiatric literature. Some treatments may exert adverse effects on the comorbid condition of BD and migraine, and that a tricyclic antidepressant may induce mania and aggravate the progression of disease (100). For patients with comorbid BD and migraine, mood stabilizer maybe the useful treatment, include lithium, anticonvulsant drugs and atypical antipsychotics. In the presence of mixed features of mood episodes, patients with comorbid BD and migraine should be better prescribed with sodium valproate, lamotrigine priority rather than lithium (101). Some specific psychoactive medications such as cognitive behavioral therapy and social rhythm therapy also have effects on the treatment of both BD and migraine (102).To this end, additional clinical and preclinical experimental studies should expand the investigation of new therapies for treating both BD and migraine.Deep transcranial magnetic stimulation (dTMS) (one of the new physical stimulation techniques used for the treatment of different neuropathologies) was also explored as a possible treatment for BD and migraine and may have beneficial neurocognitive effects by targeting on the left dorsolateral prefrontal cortex (DLPFC) (103). Electrical neuromodulation approaches as vagus nerve stimulation (VNS) is one of the treatment to migraine and may cause changes in leptin and associated mediators of immunometabolic signaling, with higher at baseline level of IL-10 and elevated IL-1b (104, 105). Improving the clinicians' recognition and diagnosis of comorbid BD with migraine accurately is of great importance.





CONCLUSIONS

There are several limitations in this review. Firstly, included studies in this review are not systematic and may be intrinsically susceptible to bias, we cannot guarantee the quality and pertinence of these studies. Secondly, animal models of BD and migraine are scarce for further investigation of the mechanisms and treatments. Thirdly, we are not able to get a conclusion about the treatments between BD and migraine since the diagnosis varies according to different researches. Lastly, although the overlapping biological mechanisms seem to be genetic factors, abnormal neurotransmitters, inflammation, and mitochondrial dysfunction, and these factors cooperate to initiate and accelerate the progression of BD and migraine. It is hard to find a specific strategy to improve the therapeutic effects of the comorbidity according to current studies since the underling mechanisms are very complex and migraine symptoms may exacerbate BD symptoms and interfere with BD management. In recent years, inflammation and mitochondrial dysfunction have attracted interest from multiple investigators, and they have been shown to exert important effects on the pathogenesis of BD and migraine. By this way, an improved understanding of the overlapping mechanisms during the pathogenesis of comorbid BD and migraine will significantly improve the diagnosis and treatment then improve the therapeutic effects for patients with comorbid BD and migraine. In our opinion, although preventive medications, including mood-stabilizing agents and serotonergic agents, are widely used in patients with BD and migraine, respectively, additional effort is needed. To improve the prognosis of patients with comorbid BD and migraine, the identification of more effective and less toxic drugs and the improvement of poor compliance are essential. Safe and efficacious neuromodulatory approaches offer the prospect of treatment on comorbid BD with migraine in the future, as clinical researches on TMS or VNS to treat comorbid BD and migraine are expected to show effective therapeutic and cognitive improvement, as well as long-term follow-up studies about the changes in inflammatory factors, leptin and adipokines before and after treatment. Also experiments exploring the mechanisms of comorbid BD and migraine are necessary. In the near future, we are looking forward to find an effective treatment targeting on the intersectional mechanism for alleviating illness of patients with comorbid BD and migraine.
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Background: Bipolar disorder (BD) is a severe psychiatric disorder that is often misdiagnosed and under-diagnosed in clinical settings. The 33-item Hypomania Checklist (HCL-33) is a newly developed self-administered scale for BD detection, while the 33-item Hypomania Checklist-external assessment (HCL-33-EA) is a version of the HCL-33 for external rating used by patient's carer (e.g., family member or friend). We aimed to compare the screening abilities between the HCL-33 and the HCL-33-EA, and evaluate the screening consistency between the two scales.

Methods: The data were collected from 269 patients with diagnosed BD (n = 84) or major depressive disorder (MDD) (n = 185). The sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV), and area under the curve (AUC) between the HCL-33 and the HCL-33-EA for BD were compared against clinician diagnosis as the gold standard.

Results: Using Youden's index, the optimal cut-off value of the HCL-33 is 20, while the corresponding figure for HCL-33-EA is 11. Using Youden's index, the HCL-33-EA showed a better performance than the HCL-33 (0.51 vs.0.41). The HCL-33-EA was more sensitive in correctly identifying BD patients from MDD patients than the HCL-33 (0.83 vs. 0.59), while the HCL-33 presented better specificity than the HCL-33-EA (0.82 vs. 0.68). There was significant screening consistency between the two scales (p < 0.001).

Conclusions: Both scales have acceptable psychometric properties in detection BD from MDD. Use of the two scales should be considered based on the assessment purpose in clinical research or daily practice (i.e., prefer sensitivity or specificity). Noticeably, the current sample size is insufficient and future studies are recommended to further evaluate the scales.

Keywords: bipolar disorder, sensitivity, specificity, HCL-33-EA, HCL-33


BACKGROUND

Bipolar disorder (BD) is a chronic and severe mood disorder comprising depressive and manic/hypomanic episodes (1). BD is frequently under-recognized, partly because patients are misdiagnosed as having major depressive disorder (MDD) during depressive episodes of BD (1–3). Moreover, BD patients usually do not report hypomanic episodes to clinicians, since patients may not experience impairment, and therefore do not consider hypomania as BD symptoms (2). Due to the commonly neglected hypomania, it is difficult to estimate the prevalence of misdiagnosed and underdiagnosed BD among those treated as MDD. Studies found that an average of 10 years was needed before accurate diagnoses of BD were established; in addition, around one-third of BD patients experienced at least once misdiagnosis (4, 5). The misdiagnosis of BD may have serious consequences, including high suicide risk (6) and low antidepressant treatment efficacy (7). Thus, it is crucial to distinguish BD accurately from other disorders, particularly MDD.

The Hypomania Checklists (HCL) are a series of widely used scales in detecting hypomanic symptoms and identifying BD, such as the 32-item Hypomania Checklist (HCL-32) (8), the 33-item Hypomania Checklist (HCL-33) (9), the 33-item Hypomania Checklist-external assessment (HCL-33-EA) (10), and their short versions (11, 12). The HCL-32 is a widely used patient-rated screening instrument for hypomanic symptoms with good psychometric properties in differentiating BD from MDD (8) and has been widely used in different countries (13–18). The HCL-33 is a recently developed questionnaire based on the extension of the HCL-32, which provides a more detailed assessment of hypomanic symptoms (9). The HCL-33-EA is the external assessment version of the HCL-33, which was designed to assess hypomanic symptoms by carers (such as spouses, parents, and friends) (10).

Several studies on the screening ability of the HCL-33 and the HCL-33-EA found satisfactory BD screening abilities of the two scales (9, 19). The consistency between the HCL-33 and the HCL-33-EA has been evaluated in a sample of Polish adults, which showed sufficient consistency between them (10). However, comparison between the HCL-33 and the HCL-33-EA for the detection of BD in patients with MDD and BD has not been conducted in China. The optimal cut-off value of the HCL-33 for distinguish BD from MDD is 15 in China (9), while the corresponding values of HCL-33-EA were not reported (10, 19). This is a critical gap in the literature, since there are an estimated 1.54 million people in China with BD (20). We aimed to compare the psychometric properties of the HCL-33 and the HCL-33-EA, including scale reliability, sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV), and area under the curve (AUC). In addition, we also measured the consistency between the HCL-33 and the HCL-33-EA, and aimed to provide optimal cut-off values of the HCL-33 and HCL-33-EA for distinguishing of BD from MDD in Chinese patients.



METHOD


Participants and Site

Following previous studies on psychometric properties of the HCL scales (11, 21–23), 269 inpatients and the same number of their carers were consecutively recruited between October, 2016 and January, 2019 in a major tertiary psychiatric hospital in Beijing, China. The patients were included if they were (1) adult patients diagnosed as MDD or BD depressive episode by two psychiatrists using the Mini-International Neuropsychiatric Interview Version 5.0 (24, 25) according to the International Classification of Diseases (ICD-10) (26), which was confirmed by a review of medical records; (2) could understand the contents of the interview. Patients with MDD or BD secondary to major medical conditions were excluded. All patients and their carer provided written consent and the Ethics Committee of Beijing Anding Hospital approved the study protocol.



Assessments

Basic demographic characteristics of patients and their carers were collected. The Chinese version of the HCL-33 was used with patients, and the HCL-33-EA was used with their carers. The HCL-33 (9) and HCL-33-EA (10) are self-rated questionnaires on patients' hypomanic symptoms. The total scores of the two scales are calculated by adding up all the positive answers and the total score ranges from 0 to 33 (9, 10). The Chinese versions of the two scales have been validated previously (9, 19).



Statistical Analyses

The sample size was calculated using G*power (27). Using reported screening abilities of HCL scales (9, 12) and the allocation ratio of MDD and BD patients as reported previously (4, 5) and given the alpha error probability of 0.05, and a conservative medium effect size of 0.5, at least 294 participants, with 68 BD and 226 MDD patients, would be needed.

SPSS 25 (IBM Corp, Armonk) was used for all analyses. The HCL-33 and the HCL-33-EA were compared by sensitivity, specificity, PPV and NPV. The Receiver Operating Characteristic (ROC) curve was plotted to represent the ability of the instrument to distinguish between BD and MDD. The internal consistency was measured by the Cronbach's alpha, in which excellent α coefficient was defined as ≥0.90, good was defined as 0.80–0.89, and adequate was defined as 0.70–0.79 (28). Following previous studies (12, 29), the optimal cut-off was calculated using the maximum sum score of sensitivity + specificity – 1, according to Youden's index (30). Cohen's kappa was used to determine the consistency between HCL-33 and the HCL-33-EA, with below 0.40 as poor agreement, 0.40–0.75 as fair to good agreement, and above 0.75 as excellent agreement (31). Statistical significance was set at was set at <0.05 (two-tailed).




RESULTS

A total number of 269 patients (MDD: n = 185 and BD: n = 84), and 269 carers who met the study criteria were included during the study period for analyses. Their basic characteristics are shown in Table 1.


Table 1. Characteristics of patients with mood disorders and their carers.
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The Cronbach's alpha of the HCL-33 was 0.867 and that the HCL-33-EA was 0.872, which suggests that the two scales had good reliability, while the HCL-33-EA had slightly higher reliability than the HCL-33. The mean sum score of the HCL-33 and the HCL-33-EA were 15.3 (SD = 6.5) and 11.0 (SD = 6.2), respectively. Using the optimal cut-offs calculated in the current sample, there was a significant, but poor agreement between the HCL-33 and the HCL-33-EA (k = 0.36, p < 0.001). The proportion of BD was relatively higher in the current sample than the calculated proportion, thus the chance agreement should be adjusted according to the influence of prevalence and bias (32). The Prevalence and Bias Adjusted Kappa (PBAK) was also calculated (k = 0.37, prevalence index = −0.22, bias index = −0.17). As shown in Table 2, the HCL-33 and HCL-33-EA was compared in terms of sensitivity, specificity, Youden's J, PPV, NPV, and AUC, using the optimal cut-offs of the two scales.


Table 2. Comparison between the HCL-33 and the HCL-33-EA in terms of sensitivity, specificity, PPV, NPV, and Area Under the Curve (AUC) for the detection of bipolar disorder from major depressive disorder.

[image: Table 2]

Using Youden's index, the optimal cut-off value of the HCL-33 is 20, while the optimal cut-off value for HCL-33-EA is 11. The HCL-33-EA showed a better performance than the HCL-33 in discriminating BD from MDD (the maximum of sensitivity + specificity – 1: 0.51 vs. 0.41; Table 2). Figure 1 shows the ROC curves of the HCL-33 and the HCL-33-EA. The HCL-33-EA demonstrated better sensitivity than the HCL-33 (0.83 vs. 0.59) to correctly identify patients with BD from patients with MDD, while the HCL-33 presented better specificity than the HCL-33-EA (0.82 vs. 0.68).


[image: Figure 1]
FIGURE 1. ROC curves for the HCL-33 and the HCL-33-EA. HCL-33, Hypomania Checklist-33; HCL-33-EA, Hypomania Checklist-33-external assessment.




DISCUSSION

This was the first study to compare the screening abilities of the Chinese version of the HCL-33 and the HCL-33-EA and their consistency in identifying BD from MDD. In terms of AUC, the HCL-33-EA showed better performance than the HCL-33, although the difference did not reach significance. The HCL-33-EA had higher sensitivity and the HCL-33 had higher specificity. There is no significant difference between the two scales in terms of detection BD from MDD, and thus we recommended the joint use of the two scales. Moreover, the relatively low Youden's J suggests that positive screenings should be confirmed in formal diagnostic interviews with a mental health professional. While a high sensitivity is the key property of a screening instrument, the relatively lower specificity indicates that false positives will likely be included in positive screenings.

Consistent with previous findings (10), this study found the HCL-33-EA was useful in assessing hypomanic symptoms. Similar to other studies (19), we found that the HCL-33-EA had higher reliability and the HCL-33-EA total score was lower than the HCL-33. This is also the first study that calculated an optimal cut-off for the HCL-33-EA. For discriminating BD from MDD, the optimal cut-off for the HCL-33-EA was 11 in the Chinese population, which is lower than the optimal cut-off of 20 for the HCL-33 in this study and 15 in a previous study (9) as expected. The discrepancy in cut-off values could be due to the different reflection and observation on hypomanic symptoms between patient's and their carer's assessments.

The HCL-33-EA had higher sensitivity than the HCL-33, which suggests that the HCL-33-EA, and carers more generally, could have better ability to correctly identify patients with hypomanic symptoms. The HCL-33 had higher specificity than the HCL-33-EA, which suggests that the HCL-33, and patients themselves, could have better ability in correctly identifying patients without hypomanic symptoms. Although the HCL-33 and the HCL-33-EA could be used according to different clinical purposes, joint use of the two scales is associated with more reliable assessment for BD patients.

The results showed a large difference in the optimal cut-off values between the HCL-33 and the HCL-33-EA, which could be partly due to the different perspective of the interviewers. For instance, a recent study found different feelings about clinical features of anxiety between patients and their carers using the pediatric short form (completed by patients) and proxy form (completed by carers) of the National Institutes of Health's Patient Reported Outcomes Measurement Information System scale. Carers tended to identify the existence of anxiety more than the patients themselves (33). In addition, recall bias may partly account for the discrepancy between mood disorder patients' and their carers' assessments (34). Compared to patients, their carers were less likely to have recall bias; therefore, the HCL-33-EA version is more prone to identify BD than the HCL-33. The results showed there were significant, but poor agreement between the HCL-33 and the HCL-33-EA assessments (k = 0.36, p < 0.001). The gap between the subjective and the external assessments indicates the importance of the combined use of the HCL-33 and the HCL-33-EA in identifying BD patients in clinical practice. Furthermore, the HCL-33-EA had a higher sensitivity, while the HCL-33 had a higher specificity in identifying BD patients from MDD patients in this study, which suggests that patients' carers were more likely to detect BD, while patients themselves were more likely to recognize the absence of BD. Hence, use of the two scales should be considered based on the assessment purpose in clinical research or daily practice (i.e., prefer sensitivity or specificity).

This study had several limitations. First, all participants were consecutively recruited in one major psychiatric hospital, and a relatively higher proportion of BD patients, therefore the findings cannot be generalized to patients in other clinical settings, which may bias the results to uncertain extent. However, the higher proportion of BD patients in the study sample reflects the real situation in daily practice in this major tertiary psychiatric hospital in China. Second, the ICD-10 is used in clinical practice in China, therefore, the diagnosis of BD-I and BD-II cannot be established. As such, we did not examine screening capacities for BD subtypes. In addition, the Mini-International Neuropsychiatric Interview Version 5.0 cannot generate DSM-5 diagnoses. Therefore, certain specifiers related to BD, such as mixed depression, could not be assessed. Third, we were unable to explore the differences in screening abilities between different carers who provided data on the HCL-33-EA (e.g., parents, spouses, or friends). Variation in the sources of self-reports should be examined in future studies. Fourth, the psychometric properties of the HCL-33-EA need to be tested with additional measures, such as the MDQ, as reference tools. Fifth, the possibility of recall bias could not be excluded, particularly in the HCL-33 assessment (34). Finally, diagnostic properties of screening instruments (e.g., sensitivity, specificity, PPV, and NPV) are associated with disease prevalence, study design, sampling method, and sample size (35). Similar to previous studies on the psychometric properties of the HCL scales (11, 21–23), the sample size of this study was relatively small; therefore, our findings are tentative, and will need to be replicated in future studies with a larger sample size and a multicentre design.



CONCLUSIONS

In conclusion, both the HCL-33 and the HCL-33-EA appeared to have acceptable psychometric properties and screening abilities in accurately detecting and differentiating between BD and MDD. The two scales could facilitate identification of people with BD in clinical practice, and use of the two scales should be considered based on the assessment purpose in clinical research or daily practice (i.e., prefer sensitivity or specificity).
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Blood results Bipolar sample  SHIP Trend  p-
control sample value

Mean(sD)  Mean (sD)
numberof  number of
patients patients
Fasting plasma glucose 496(:080,  552(:08, <0001
(mmol) 85 =850
Plasma glucose after 120 min 537 (:201), 639 (:22),  <0.001
(mmol) =8 =850
HbATC, % 542(:044) 52006, <0001
n=g5 =850
Fasting Insulin (pmol/) 876(:983), NA
n=83
insulin after 120 min (pmol)  290.0 (:3620),
&
Triglycerides (mmoif) 1610,
9
Cholesterol, mmoll 53(:1.9,
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HDL (mmolf) 14 (204),
LDL (mmolf)
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Scales Auc 95% ClI Cut-off value

HCL-33 0.73 0.66-0.81 18
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HCL-33-EA 0.82 0.77-0.88 9
10
112
12

Sensitivity (SE)

0.66
0.62
0.59
0.47
0.89
0.86
0.83
0.76

Specificity (SP)

071
0.78
0.82
0.87
0.55
0.61
0.68
0.74

Youden’s J

037
0.39
0.41
0.34
0.43
0.46
0.51
0.49

PPV

0.52
0.57
0.60
0.63
0.45
0.47
0.50
0.53

NPV

0.84
0.83
0.82
0.79
091
0.89
0.89
0.86

Optimal cutoff in current sample; PPV, Positive Predictive Value; NPV, Negative Predictive Value; AUC, Area under the curve; Cl, 95% confidence interval for AUC; HCL-33, Hypomania

Checklist-33; HCL-33-EA, Hypomania Checklist-33-externl assessment.
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SCID, Structured Cincal Intorviow; MADRS, Montgomery-Asberg Depression Scae
VMRS, Young Mania Rating Scale: WHOQOL, Word Health Organization questionnaie;
BIS-11, Baratt Impulsialy Scak; GAF, Giobal Assessment of Furctoning; HAM:A,
Hamiton Anxioty Scale; BRIAN, Biological Rhythm Interviow of Assessment in
Neuropsychiatr; TMS, transcranial magnetic stinulation; UKU-SERS, Udvalg for
Kiniske Undersogelser Side Efoct Rating Scak; CGIS, Cinical giobal impression -
Sevedy.
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DSM-5. 5th edition of the Diagnostic and Statistical Manual of Mental Disorders.





