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Objective: This study aimed to explore the prevalence and clinical correlates of pathological laughter and crying (PLC) in patients with amyotrophic lateral sclerosis (ALS).

Methods: A total of 1,031 ALS patients were enrolled between August 2012 and August 2019. The PLC was recorded by a face-to-face interview. Other characteristics of patients, including depression, anxiety, cognition, and behavior function, were also evaluated. The potential associated factors of PLC were explored using forward binary regression analysis. Survival was analyzed in groups using propensity score matching (PSM) and Cox proportional hazards models.

Results: The prevalence of PLC was 11.4% in all patients at baseline. Bulbar-onset and female patients had higher prevalence of PLC. The multivariate regression analysis indicated that PLC in ALS was associated with bulbar onset (p < 0.001), late disease stage (p < 0.001), and higher score in the Hamilton Depression Rating Scale (HDRS) (p = 0.012). The higher score of HDRS was significantly and independently associated with PLC occurrence in bulbar-onset patients (p = 0.032). The late disease stage was related to PLC occurrence in spinal-onset patients (p < 0.001). After comparison with matched pairs by using PSM, PLC at baseline had no impact on survival.

Conclusion: PLC was not uncommon in ALS, especially in bulbar-onset and female patients. We highlighted that the emotional state other than cognitive function had possible relationship with PLC in ALS.
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INTRODUCTION

Pathological laughing and crying (PLC) is a neuropsychiatric condition that patients demonstrated exaggerated or inappropriate episodes of laughter, crying, or both, in the absence of an apparent motivating stimulus or in response to stimuli that would not usually elicit such an emotional response (1). Various terms are used to referring to the PLC, depending on geographical location and year of publication, including emotional lability, pseudobulbar affect, involuntary emotional expression disorder, and so on. Despite the differences in terminology, the phenomenon has been observed in many neurological conditions including amyotrophic lateral sclerosis (ALS) (1, 2).

Previous research confirmed the PLC prevalence in different subgroups stratified by clinical features in ALS. A recent study reported that the prevalence of PLC varied across the spectrum of disease phenotypes, for instance, 39% in primary lateral sclerosis and upper motor neuron predominant ALS, 29% in typical ALS, and 10% in lower motor neuron predominant patients (3). PLC is negatively affecting the social functioning and quality of life of patients and their families (4, 5). Such unscheduled episodes may contribute to significant distress and embarrassment and ultimately may result in social withdrawal (6). ALS patients and their families usually lack awareness of the relationships between PLC and their underlying neurological condition. Thus, it was important to explore the PLC symptoms in ALS patients with high-risk conditions (7).

There were limited studies on the motor and non-motor features associated with PLC in ALS patients. PLC was found to be associated with female, bulbar onset, lower ALS Functional Rating Scale–Revised (ALSFRS-R) score, and more rapidly progressive disease rate in univariate analysis (3). Few studies have reported the relationships among PLC, emotional state, and cognitive function. A study detected an association between PLC and depression (8), whereas no association was found in another research (9). Cognitive dysfunction is a non-motor symptom in ALS with the severity of cognitive decline ranging from mild cognitive impairment to ALS frontotemporal dementia involving executive and non-executive domains (10). The relationship between PLC and cognitive impairment is controversial in ALS (11). Further studies with a larger sample size are required to explore the individualized experiences of PLC in ALS.

Therefore, the present study aimed to examine the prevalence of PLC in ALS in a large cohort. We also explored the relationships among PLC, emotional state, and cognitive function. Finally, we explored their prognostic relevance to survival.



PATIENTS AND METHODS

The study was conducted in our tertiary referral center for motor neuron disease in southwest China (Department of Neurology, West China Hospital of Sichuan University, Chengdu, Sichuan province) between August 2012 and August 2019. Definite, probable, and possible ALS cases diagnosed according to the El Escorial revised criteria were included. Patients with possible ALS at the time of recruitment were reclassified to a higher El Escorial level during the follow-up. The information of PLC was collected from the patients and their caregivers in face-to-face interviews. The PLC was diagnosed by the neurologists according to the revised criteria proposed by Cummings et al. (12) and Miller et al. (13). Information for the demographic features and personal history was recorded through questionnaires. Disease-related data were collected, such as age at onset, the region of symptom onset (upper limb, lower limb, or bulbar), disease duration, and diagnostic delay. Patients with familial ALS or juvenile ALS or who had incomplete data were excluded. Patients who were younger than 45 years at the age at onset were classified into the young-onset ALS group. The changes of ALSFRS-R per month [formula: (48-ALSFRS-R score at the baseline)/month intervals between the first symptom onset and baseline] were used to calculate the rate of disease progression. Disease stages according to King's College Staging System were recorded. Patients in stage 1 or stage 2 were divided into early-stage subgroup, and patients in stage 3 or stage 4 were divided into late-stage subgroup. Depression was evaluated by the 24-item Hamilton Depression Rating Scale (HDRS) (14), and anxiety was evaluated by the Hamilton Anxiety Rating Scale (HARS) (15). An HDRS score >20 indicated depression, and an HARS score >14 indicated anxiety. Frontal assessment battery (FAB) was used to assess the frontal lobe executive function (16). The FAB score <16 was defined as executive dysfunction according to our previous study (17). The global cognition function was evaluated by the Montreal Cognitive Assessment (MoCA) (18). The Chinese version of Addenbrooke’s Cognitive Examination–Revised (ACE-R) was adopted to evaluate further spectrum cognitive function in ALS patients. Higher ACE-R scores indicated better cognitive function in ALS. The ACE-R score of <75 was defined as cognitive dysfunction according to our previous study (19). Frontal behavioral symptoms were assessed using the Frontal Behavioral Inventory (FBI). Lower scores indicated better frontal behavioral function.

All ALS patients were followed up by telephone or face-to-face interview in 3- or 6-month intervals by neurologists (Q.Q.W., L.Y.Z., and Y.B.H.). All the clinical and treatment data, including disease progression, use of riluzole, and supportive treatment, were collected during the follow-up evaluations. Death information was collected from provincial public security bureau records and family reports. Survival time was defined as the interval time from the date of disease onset to the date of death for the deceased patients or from disease onset to the last follow-up time for survival patients. All the patients were informed of this study and signed written informed consent. This study was approval by the Ethics Committee of West China Hospital of Sichuan University.


Statistical Analysis

First, we used the Kolmogorov–Smirnov test to determine whether data were normally distributed. Continuous parameters were described as the mean ± standard deviation when they were normally distributed. Those with a non-normal distribution were described as the median values. Continuous variables were compared using Student t-tests between subgroups. Mann–Whitney U-tests were implemented to analyze the difference between categorical variables. Subgroup analyses were conducted regarding onset region. The variables would be further included as independent variables in the binary regression analysis to explore the potential associated factors of PLC. The presence or absence of PLC was used as a dependent variable. To explore the impact of PLC on survival, we applied the propensity score matching (PSM) analysis to decrease the effect of potential confounding factors. One-to-one matching was performed based on nearest-neighbor matching adjusting onset age and disease progressive rate, and the match tolerance for the PSM was 0.1. The resulting propensity score–matched pairs (defined as the PLC group and the matched-pairs group) were included in subsequent survival analyses. The Kaplan–Meier curves and log-rank tests were used, and survival calculated from disease onset to death or the censoring date (January 2020). Multivariable analysis was performed by Cox proportional hazards regression model to explore the effect of PLC on survival (stepwise forward), with a retention criterion of p < 0.1. The hazard ratios and their 95% confidence intervals were calculated (20). The interactions between parameters were tested in the study. A level of p < 0.05 was considered statistically significant. All analyses were performed with SPSS 26.0 (SPSS, Inc., Chicago, IL, USA).




RESULTS

Demographic and clinical features of ALS patients with and without PLC according to different onset regions are shown in Table 1. In 1,031 ALS patients, the mean onset age was 53.1 ± 11.1 years, and the mean disease duration was 14.8 ± 11.3 months at baseline, respectively. Two hundred forty-four patients (23.7%) were young onset. One hundred fifty-eight patients (15.3%) were bulbar onset, and 84.7% of the patients were spinal onset. The mean disease progression rate for patients at register was 0.68 ± 0.65. All patients completed the anxiety, depression, and cognition assessment. The mean HDRS score was 9.0 ± 7.3, and the mean HARS score was 5.6 ± 5.9. According to the FAB score, 28.5% of patients had abnormal frontal function, and 27.7% of patients had cognitive decline according to the ACE-R score. The mean MoCA score was 23.8 ± 4.1, and the mean FBI score was 4.5 ± 6.5. PLC was diagnosed in 118 patients (11.4%) with ALS. The prevalence of PLC was 32.9% in bulbar-onset patients, and 7.6% in spinal-onset patients. Female patients had higher prevalence of PLC (14.6%) than male patients (9.6%).


Table 1. Demographic and clinical features of ALS patients with and without PLC.
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In the bulbar-onset group, a lower ALSFRS-R score (40.7 ± 6.0 vs. 42.6 ± 3.9, p = 0.016) was found in patients with PLC compared with those without. In the spinal-onset group, compared with patients without PLC, patients with PLC were younger (p = 0.037) and had younger age at onset (p = 0.037), lower ALSFRS-R score (p < 0.001), higher disease progression rate (p < 0.001), and lower percentage of early stages (p < 0.001; Table 1). The cognitive characteristics between ALS patients with and without PLC are demonstrated in Table 2. In the bulbar-onset subgroup, there was no difference in the cognitive features between patients with and without PLC. In the spinal-onset subgroup, compared with patients without PLC, patients with PLC had higher HDRS score (p = 0.011), lower MoCA score (p = 0.024), lower visuospatial ability score (p = 0.008), lower ACE-R total score (p = 0.030), and higher percentage of cognitive decline according to ACE-R score (p = 0.017; Table 2).


Table 2. Mood and cognitive function of ALS patients with and without PLC.
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The potential factors associated with PLC in ALS patients are shown in Table 3. The logistic regression model indicated that PLC was significantly associated with bulbar onset (p < 0.001), late disease stages (p < 0.001), and higher score of HDRS (p = 0.008). Higher score of HDRS (p = 0.032) was associated with PLC in the bulbar-onset group. Late disease stage (p < 0.001) was significantly and independently related to PLC occurrence in patients with spinal onset (Table 3).


Table 3. Factors associated with PLC in ALS patients with different onset region.
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At the end of the follow-up, 461 ALS patients (44.7%) died, 535 patients (51.9%) were alive, and 35 patients (3.4%) were lost to follow-up. For all patients, the mean survival time was 36.1 ± 22.7 months. In the present study, 36.4% of the patients were using riluzole. In all patients, the Kaplan–Meier survival analysis indicated that the survival time has no significantly difference between the groups (log-rank p = 0.098) (estimated median survival time: 38.0 vs. 49.7 months).

PSM was applied to adjust the potential confounding factors on the survival in ALS patients. As shown in Table 4, 116 patients were in the PLC group and 116 patients in the matched-pairs group. The onset age, ALSFRS-R score, and disease progression rate were comparable between the two groups. Patients with PLC had higher percentage of late disease stage than patients without PLC. In the subgroup analysis, after comparing the matched pairs, there was no significant difference in the survival time between patients with and without PLC (log-rank p > 0.05). In the multivariate Cox regression analysis, PLC had no significant effect on survival after adjusting for baseline clinical features, HDRS, HARS, cognitive function, and treatment.


Table 4. Comparison of cognitive features at baseline between patients and matched pairs groups.
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DISCUSSION

In the present study, we explored the prevalence and the associated factors of PLC in a large cohort of Chinese ALS patients. We found that the PLC was not uncommon in Chinese ALS patients. A higher prevalence of PLC was identified in bulbar-onset and female patients with ALS. Bulbar-onset and late disease stages were associated with PLC in ALS. We also highlighted that the emotional state other than cognitive function had possible relationships with PLC in ALS.

The frequency of PLC has been examined in many neurodegenerative diseases, which is particularly common in ALS. We found that PLC occurred in 11.4% of our registered patients. The prevalence is considerably lower than 28.4% from an unselected outpatient population with ALS (3), and 34% from a population-based study using the Center for Neurologic Study–Lability Scale (CNS-LS) (21). Another cross-sectional study reported a higher frequency of 45% in ALS patients (22). It is difficult for clinicians to recognize PLC in ALS patients unless a formal or structured interview is performed, and/or they have been directly observed. A standardized self-assessment CNS-LS was used in these studies [3, 21. 22], while our study evaluated PLC clinically during face-to-face interviews. The sample size and the heterogeneity in patients, such as the proportion of patients with bulbar onset and varied disease duration, may also influence the frequency of PLC in ALS. Our study confirmed the previously described and clinically recognized associations between onset region and PLC in ALS. The prevalence of PLC was 32.9% in bulbar-onset patients, which is higher than 7.6% in spinal-onset patients. This was consistent with a previous study, which found that almost 42.6% of the bulbar-onset patients had PLC, whereas 23.3% of the non–bulbar-onset patients had PLC (3).

Little attention was paid to the association between sex and PLC. Two previous studies found a weak trend that female patients with ALS had higher frequency of PLC than male patients (21, 22). This association was confirmed by another study (37.8 vs. 21.4%) (3) and the current study (14.6 vs. 9.6%). Female patients with other neurological conditions are more likely to have emotional lability, particularly pathological crying. There may be sex-specific background or pathology underlying the different prevalence of PLC. Altogether, PLC is not rare in ALS, and neurologists should pay more attention to this problem, especially in bulbar-onset and female patients.

In the spinal-onset group, we found that patients with PLC had younger age at onset, lower ALSFRS-R score, and higher disease progression rate. ALS patients with PLC also had higher HDRS score and lower ACE-R score than patients without PLC. The mood state and cognitive function seemed to relate to the development of PLC in ALS patients. PLC and depression have been found to coexist more frequently than expected by chance in other diseases in previous studies (23, 24). Thus, the interaction of pseudobulbar affect and depression is complex. Some studies reported an association between PLC and depression in ALS (8), whereas no significant association was found in others (9, 25). In our regression model, the depression evaluated by HDRS was found to be associated with the presence of PLC in ALS patients.

The PLC and cognitive function were negatively affecting the social functioning and quality of life in ALS individuals and their families (4, 5, 26, 27). The PLC symptoms were keenly awarded by patients and caregivers (28). While patients' reports may differ substantially from caregivers' reports in cognitive dysfunction or behavioral deficits (29), there is little information about the possible relationships of these phenomena. A previous study reported correlations between bulbar involvement and emotional lability and between bulbar involvement and executive impairment. However, other cognitive profiles have not been reported to correlate with PLC (28). In this study, cognitive dysfunction was not associated with the presence of PLC in ALS using a multivariate regression model.

Recent studies suggested that the dysfunction of the cerebellum was involved in the pathophysiology of PLC. Studies indicated that the cerebellum may regulate the emotional output through a “gate-control” mechanism (30). Several studies focused on neurological diseases have confirmed the association between PLC and cerebellar pathology, especially linked with vermis pathology. The high prevalence of PLC in multiple system atrophy cerebellar type patients with severe structural atrophy of the cerebellum and basis pontis provided evidence for this potential mechanism (31). The gate control theory of emotional expression, indicating that the disruption to corticopontocerebellar emotional circuitry may underlie this phenomenon. On the other hand, serotonergic and glutamatergic neurotransmission may play important roles in the pathophysiology of PLC (13). The study indicates that serotonin may be involved in the pathophysiology of PLC through the diffuse corticolimbic networks participating in emotion or via serotonergic neurotransmission in the cerebellum (13). PLC may be relieved by selective serotonin reuptake inhibitors within days. The effective treatment of PLC remains challenging; thus, studies should pay more attention to the treatment of PLC in patients with ALS.

We failed to observe a significant impact of PLC on survival in ALS patients in a multivariate Cox regression model analysis. A previous study found that the presence of PLC at recruitment can be a negative prognostic factor for survival in a very early stage of the disease, suggesting a short survival in a subgroup of patients with less functional impairment (11). However, this study lacked the neuropsychological evaluation for the relationship between PLC and other symptoms such as frontal dysfunction or cognitive impairment in general. The depression and anxiety were not assessed in this study also. Therefore, the conclusion that PLC can influence the prognosis is not convinced, and further studies are needed to confirm it.

Several limitations of this study should be noted. We only estimated the presence of PLC from a face-to-face interview, and it might be more comprehensive in case we use a specific scale to assess the severity of PLC, such as CNS-LS, in a structured interview (3). Neuroimaging data are helpful to explore the mechanism of PLC, which need to be considered in future studies. A potential sample selection bias may affect our results as all cases were recruited solely in a single tertiary referral center. A previous study reported that crying-predominant PLC was often associated with depression, whereas PLC with laughter-predominant PLC was not (3), although our study did not classify PLC into laughter-predominant or crying-predominant subgroups.



CONCLUSION

Our study demonstrated that PLC was not uncommon in ALS, especially in bulbar-onset and female patients. We highlighted that the emotional state other than cognitive function had a possible causal effect on PLC in ALS. Further studies are needed to confirm the preliminary findings.



DATA AVAILABILITY STATEMENT

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



ETHICS STATEMENT

The studies involving human participants were reviewed and approved by the Ethics Committee of West China Hospital of Sichuan University. The patients/participants provided their written informed consent to participate in this study.



AUTHOR CONTRIBUTIONS

Q-QW contributed with conception, organization and execution, data collection and statistical analysis, and drafting the manuscript. RO contributed with execution, data collection, and statistical analysis. JL, LZ, YH, YC, and TY contributed with execution and data collection. BC contributed with conception, organization, execution, and data collection. HS contributed with conception and organization, manuscript review and critique, and responsible for overall content as the guarantor. All authors contributed to the article and approved the submitted version.



FUNDING

This study was supported by the funds of the Sichuan Science and Technology Program (Grant No. 2020YFS0220), National Science Fund of China (Grant No. 81871000), 1.3.5 project for disciplines of excellence, West China Hospital, Sichuan University (Grant No. ZYJC18038), the China Post-doctoral Science Foundation (Grant No. 2019M653427), Post-Doctor Research Project, West China Hospital, Sichuan University (Grant No. 2019HXBH029), and Health Commission of Sichuan Province (Grant No. 20PJ038).



ACKNOWLEDGMENTS

The authors thank the ALS patients for their participation in this study.



REFERENCES

 1. Parvizi J, Arciniegas DB, Bernardini GL, Hoffmann MW, Mohr JP, Rapoport MJ, et al. Diagnosis and management of pathological laughter and crying. Mayo Clin Proc. (2006) 81:1482–6. doi: 10.4065/81.11.1482

 2. Walusinski O. Pathological yawning, laughing and crying. Front Neurol Neurosci. (2018) 41:40–9. doi: 10.1159/000475691

 3. Thakore NJ, Pioro EP. Laughter, crying and sadness in ALS. J Neurol Neurosurg Psychiatry. (2017) 88:825–31. doi: 10.1136/jnnp-2017-315622

 4. Colamonico J, Formella A, Bradley W. Pseudobulbar affect: burden of illness in the USA. Adv Ther. (2012) 29:775–98. doi: 10.1007/s12325-012-0043-7

 5. Goldstein LH, Atkins L, Landau S, Brown R, Leigh PN. Predictors of psychological distress in carers of people with amyotrophic lateral sclerosis: a longitudinal study. Psychol Med. (2006) 36:865–75. doi: 10.1017/S0033291706007124

 6. Girotra T, Lowe F, Feng W. Pseudobulbar affect after stroke: a narrative review. Top Stroke Rehabil. (2018) 13:1–7. doi: 10.1080/10749357.2018.1499300

 7. Wicks P, Frost J. ALS patients request more information about cognitive symptoms. Eur J Neurol. (2008) 15:497–500. doi: 10.1111/j.1468-1331.2008.02107.x

 8. Thakore NJ, Pioro EP. Depression in ALS in a large self-reporting cohort. Neurology. (2016) 15:86:1031–8. doi: 10.1212/WNL.0000000000002465

 9. Olney NT, Goodkind MS, Lomen-Hoerth C, Whalen PK, Williamson CA, Holley DE, et al. Behaviour, physiology and experience of pathological laughing and crying in amyotrophic lateral sclerosis. Brain J Neurol. (2011) 134:3458–69. doi: 10.1093/brain/awr297

 10. Chio A, Moglia C, Canosa A, Manera U, Vasta R, Brunetti M, et al. Cognitive impairment across ALS clinical stages in a population-based cohort. Neurology. (2019) 93:e984–94. doi: 10.1212/WNL.0000000000008063

 11. Tortelli R, Arcuti S, Copetti M, Barone R, Zecca C, Capozzo R, et al. Pseudobulbar affect as a negative prognostic indicator in amyotrophic lateral sclerosis. Acta Neurol Scand. (2018) 138:55–61. doi: 10.1111/ane.12918

 12. Cummings JL, Arciniegas DB, Brooks BR, Herndon RM, Lauterbach EC, Pioro EP, et al. Defining and diagnosing involuntary emotional expression disorder. CNS Spect. (2006) 11:1–7. doi: 10.1017/S1092852900026614

 13. Miller A, Pratt H, Schiffer RB. Pseudobulbar affect: the spectrum of clinical presentations, etiologies and treatments. Expert Rev Neurotherap. (2011) 11:1077–88. doi: 10.1586/ern.11.68

 14. Moberg PJ, Lazarus LW, Mesholam RI, Bilker W, Chuy IL, Neyman I, et al. Comparison of the standard and structured interview guide for the Hamilton Depression Rating Scale in depressed geriatric inpatients. Am J Geriat Psychiatry. (2001) 9:35–40. doi: 10.1097/00019442-200102000-00006

 15. Hamilton M. The assessment of anxiety states by rating. Br J Med Psychol. (1959) 32:50–5. doi: 10.1111/j.2044-8341.1959.tb00467.x

 16. Dubois B, Slachevsky A, Litvan I, Pillon B. The FAB: a frontal assessment battery at bedside. Neurology. (2000) 55:1621–6. doi: 10.1212/WNL.55.11.1621

 17. Wei Q, Chen X, Zheng Z, Huang R, Guo X, Cao B, et al. Frontal lobe function and behavioral changes in amyotrophic lateral sclerosis: a study from Southwest China. J Neurol. (2014) 261:2393–400. doi: 10.1007/s00415-014-7508-3

 18. Nasreddine ZS, Phillips NA, Bedirian V, Charbonneau S, Whitehead V, Collin I, et al. The montreal cognitive assessment, MoCA: a brief screening tool for mild cognitive impairment. J Am Geriatr Soc. (2005) 53:695–9. doi: 10.1111/j.1532-5415.2005.53221.x

 19. Wei Q, Chen X, Zheng Z, Huang R, Guo X, Cao B, et al. Screening for cognitive impairment in a Chinese ALS population. Amyotrop Lateral Scler Frontotemp Degener. (2015) 16:40–5. doi: 10.3109/21678421.2014.966311

 20. Kim R, Lee J, Kim HJ, Kim A, Jang M, Jeon B, et al. CSF beta-amyloid42 and risk of freezing of gait in early Parkinson disease. Neurology. (2019) 1:92:e40–7. doi: 10.1212/WNL.0000000000006692

 21. Tortelli R, Copetti M, Arcuti S, Tursi M, Iurillo A, Barulli MR, et al. (2016). Pseudobulbar affect (PBA) in an incident ALS cohort: results from the Apulia registry (SLAP). J Neurol. 263:316–21. doi: 10.1007/s00415-015-7981-3

 22. Brooks BR, Crumpacker D, Fellus J, Kantor D, Kaye RE. PRISM: a novel research tool to assess the prevalence of pseudobulbar affect symptoms across neurological conditions. PLoS ONE. (2013) 8:e.72232. doi: 10.1371/journal.pone.0072232

 23. Choi-Kwon S, Han K, Choi S, Suh M, Kim YJ, Song H, et al. Poststroke depression and emotional incontinence: factors related to acute and subacute stages. Neurology. (2012) 78:1130–7. doi: 10.1212/WNL.0b013e31824f8090

 24. Hanna J, Feinstein A, Morrow SA. The association of pathological laughing and crying and cognitive impairment in multiple sclerosis. J Neurol Sci. (2016) 361:200–3. doi: 10.1016/j.jns.2016.01.002

 25. Patel N, Combs H, York M, Phan C, Jimenez-Shahed J. Pseudobulbar affect correlates with mood symptoms in parkinsonian disorders but not amyotrophic lateral sclerosis. J Neuropsychiatry Clin Neurosci. (2018) 30:214–9. doi: 10.1176/appi.neuropsych.17070131

 26. Beeldman E, Raaphorst J, Klein Twennaar M, de Visser M, Schmand BA, de Haan RJ. The cognitive profile of ALS: a systematic review and meta-analysis update. J Neurol Neurosurg Psychiatry. (2016) 87:611–9. doi: 10.1136/jnnp-2015-310734

 27. Iazzolino B, Pain D, Peotta L, Calvo A, Moglia C, Canosa A, et al. Validation of the revised classification of cognitive and behavioural impairment in ALS. J Neurol Neurosurg Psychiatry. (2019) 90:734–9. doi: 10.1136/jnnp-2018-319696

 28. Palmieri A, Abrahams S, Soraru G, Mattiuzzi L, D'Ascenzo C, Pegoraro E, et al. Emotional lability in MND: relationship to cognition and psychopathology and impact on caregivers. J Neurol Sci. (2009) 15:278:16–20. doi: 10.1016/j.jns.2008.10.025

 29. Woolley SC, Moore DH, Katz JS. Insight in ALS: awareness of behavioral change in patients with and without FTD. Amyotrophic Lateral Scler. (2010) 11:52–6. doi: 10.3109/17482960903171110

 30. Haiman G, Pratt H, Miller A. Brain responses to verbal stimuli among multiple sclerosis patients with pseudobulbar affect. J Neurol Sci. (2008) 271:137–47. doi: 10.1016/j.jns.2008.04.017

 31. Parvizi J, Joseph J, Press DZ, Schmahmann JD. Pathological laughter and crying in patients with multiple system atrophy-cerebellar type. Mov Disord. (2007) 30:22:798–803. doi: 10.1002/mds.21348

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

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

Copyright © 2021 Wei, Ou, Lin, Zhang, Hou, Cao, Chen, Yang and Shang. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/images/fneur-12-655674-t003.jpg
Variables
OR

Education

Depression 1.069
Anxiety 0941
Early stages 3211
Onset region 0.159
ACE-R 0.648
“Signifcant difference.

Al patients

95% CI

1.015-1.126
0.877-1.010
1.958-6.267
0.095-0.267
0.389-1.077

P-value

0012"
0.091
<0.001*
<0.001*
0.094

OR

1117
0.887

Bulbar onset patients.

95% ClI P-value OR
0.920
1.009-1.235 0.032"
0.772-1.019 0.091
6.205

OR, hazard ratios; Cls, confidence intervals; ACE-R, Addenbrooke’s cognitive examination-revised.

Spinal onset patients

95% ClI

0.837-1.012

3.263-11.799

P-value

0.086

<0.001*





OPS/images/fneur-12-655674-t004.jpg
Variables

Number
Onset age (y)
ALSFRS-R score
Disease progression rate
Early stages

HDRS score

HARS score

FAB

FBI score

MOCA

ACE-R
Attention/orientation
Memory

Verbal fluency

Language

Visuospatial abilty
ACE-R score

With PLC

50
549+ 11.2
415+486
0.78 £ 0.96
29
9.9+70
5.7+54
162+16
63+£84
236+ 4.0

169+ 14
21.7£37
83+36
186+ 49
181+£27
786+ 126

Bulbar onset

Without PLC

50
56.3£105
422+43
0.74£0.71
21
89+79
8.7x57
169+22
4.4+£47
232+39

17.0+1.2
213+£50
86+29
19.1+£45
182+27
791 121

P-value

0.853
0.382
0.799
0.839
0.627
0.966
0.433
0.224
0.661

0.759
0.618
0.669
0.611
0.856
0.840

With PLC

66
50,0+ 10.1
37.7+£50
0.95 + 0.64

26
113+£79

69+65
158+27
55484
228+ 46

167+£13
206+ 46
87424
190+ 49
124 +£356
77.7£133

Spinal onset

Without PLC

66
51.7+11.7
39.1+£6.0
077 £0.71
40
86+77
5161
161 £21
2757
230+4.4

16.7£17
219+40
92+28
186+48
123+34
787 £133

P-value

0.374
0.157
0.133
0.015*
0.054
0.107
0.476
0.059
0.839

0.821
0.102
0.258
0.640
0919
0.667

PLC, pathological laughter and crying; ALSFRS-R, ALS functional rating scale revised; HDRS, Hemilton depression rating scale; HARS, Hamilton anxiety rating scale; FAB, frontel
assessment battery; FBI, Frontal behavioral inventory; MoCA, Montreal cognitive assessment; ACE-R, Addenbrooke's cognitive examination-revised.

*Significant difference.
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Onset age (y)
Young-onset (%)
Diagnostic duration (m)
Diagnostic delay (m)
ALSFRS-R score
Disease progression rate
Early stages (%)

Gene mutations.

Using riluzole (%)

ALS, amyotrophic lateral sclerosis; ALSFRS-R, ALS functional rating scale revised; PLC, pathological laughter and crying; BMI, body mass index.

*Significant difference.

Total

1,031
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54.4
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148+ 113
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With PLC
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0.78 £0.94
55.8
11734
50.0

Bulbar onset

Without PLC
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119114
12+11.2
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0.243
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0.016*
0.451
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0.444
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With PLC

66 (7.6%)
51.3+10.1
56.1
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60.6
226430
50.0 +10.1
24.2
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37.74£50
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Spinal onset

Without PLC

807 (92.4%)
540+ 112
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96+34
52.8
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0.65 +0.62
76.1
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34.4

P-value

0.037*
0.088
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<0.001*

<0.001*

<0.001*
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Variables Total Bulbar onset Spinal onset

With PLC Without PLC P-value With PLC Without PLC P-value
HDRS score 9.0+73 9770 7667 0.087 13+79 8973 0.011*
HARS score 56+59 56+54 53+53 0.709 69+65 55459 0.088
FAB 162+ 2.1 163+ 1.6 168+£23 0.214 168+£27 162+£20 0.002
FAB < 16 (%) 285 308 358 0.527 348 269 0.164
FBl score 45+65 6.4+82 53+68 0.466 55+84 41+61 0.162
MoCA 238+4.1 23.7+£4.0 284+4.1 0672 228+46 240+40 0.024*
ACE-R
Altention/orientation 17015 169+ 1.4 170£12 0.659 16713 170+ 16 0.196
Memory 21.2+44 216+£3.7 21.2+£47 0.548 206+ 4.6 212+ 4.4 0.299
Verbal fluency 92425 8335 90+27 0.210 87+x24 94+24 0.042
Language 19.6+4.6 18.6+4.9 192+46 0.487 19.0 £ 4.9 198+ 45 0.154
Visuospatial ability 13.4+29 131+28 132+28 0.785 1244356 136+28 0.008*
ACE-R total score 805+ 12.0 786+ 126 79.7 £ 121 0.603 77.7+£133 81.0+ 119 0.030%
ACE-R <75 (%) 2T 365 30.2 0.422 39.4 259 0.017*

ALS, amyotrophic lateral sclerosis; PLC, pathological laughter and crying; HDRS, Hamilton depression rating scale; HARS, Hamilton anxiety rating scale; FAB, frontal assessment
battery; FBI, Frontel behavioral inventory; MoGA, Montreal cognitive assessment; ACE-R, Addenbrooke's cognitive examination-revised.
“Significant difference.
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