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Background: Idiopathic cervical dystonia (CD) affects more female than male patients. This sex-based influence on the clinical manifestation of CD may also affect outcomes after long-term BoNT therapy.

Methods: To analyze the potential differential influence of sex on the efficacy of BoNT therapy, a cross-sectional study was conducted with 135 female and 85 male patients with idiopathic cervical dystonia. Demographic and treatment-related data were extracted from patient charts. The 24-item Cervical Dystonia Questionnaire (CDQ24), patients’ self-assessment of CD severity (PAS), and the TSUI score were used as outcome measures. On the day of recruitment, blood samples were collected to analyze neutralizing antibody (NAB) formation using an ELISA, with confirmation by the mouse hemidiaphragm assay (MHDA) test.

Results: Male patients had significantly (p < 0.02) lower mean age and age at symptom onset and received significantly (p < 0.02) higher BoNT doses per session. Female patients had significantly worse PAS and CDQ24 scores (p < 0.006), though the TSUI score showed no significant difference (p = 0.19). Despite receiving lower BoNT doses, female patients exhibited a significantly (p < 0.006) higher risk of NAB induction.

Conclusion: This reanalysis of previously published data reveals that female and male patients in this cohort were treated and responded differently to long-term BoNT therapy, a discrepancy that remained unnoticed by their treating physicians over more than 10 years of treatment.
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1 Introduction

Cervical dystonia (CD) affects approximately 100 out of 1 million people in Europe (1). Various epidemiological studies (2–4) across the world reveal a large variation in CD prevalence, ranging from 1:50,000 in Japan (5) to 1:250 in some regions of the United States (US) (6). Ethnic differences in CD prevalence (7, 8) indicate possible genetic influences on CD manifestation.

This finding is in line with the high variability of the female-to-male ratio, ranging from 4.5:1 (9) to 0.3:1 (10). In the abstract of an epidemiological survey, a 2:1 female-to-male ratio was mentioned, while the overall mean female-to-male ratio across 16 articles was 1.7:1 (1). These findings support a possible genetic, or even x-chromosomal influence, on the pathogenesis of CD.

Therefore, it may very well be the case that female and male patients respond differently to the therapy of CD. The therapy of choice for CD is repetitive intramuscular injections of botulinum neurotoxin type A or B (BoNT/A or BoNT/B), which must be applied repetitively to yield a stable plateau of improvement (11). BoNT injection therapy has proven to be a safe and effective long-term treatment without serious side effects. Therefore, it has gained level A recommendations from both the American Academy of Neurology (12) and the British Royal College of Physicians (13) for the treatment of CD.

Sensitivity to BoNT may vary from patient to patient (14). Therefore, at the onset of BoNT therapy, the dose must be adapted to the severity of CD, the patient’s side effect profile, and the patient’s response. After 2 years of continuous treatment, a stable plateau of improvement is typically reached, with little variation in the dose thereafter (11, 14). Thus, the dose per session used in the long-term BoNT treatment is the result of a close interaction between the treating physician and the patient to optimize outcomes and reduce side effects. Therefore, the dose per session is a relevant parameter that may reflect differences in the therapy of female and male patients.

The phenomenology of CD in female and male patients is similar; however, body weight (BW) and total mass of muscles are significantly different. Therefore, the question arises whether these differences are taken into account in the disease management and clinical practice of CD. In the BoNT treatment of children with cerebral palsy, it is common sense to adapt the dose to body weight (U/kg BW) (15–17). In adult patients with CD, such recommendations do not exist.

Furthermore, little is known about whether antibody formation is the same in female and male patients and whether a treating physician reacts the same way when a female or male patient starts to develop partial secondary treatment failure (pSTF) and induction of neutralizing antibodies (NABs) has to be suspected.

Therefore, the present re-analysis of a cross-sectional study, originally published in 2015 (11), was conducted to compare long-term outcomes in female and male CD patients after continuous treatment with BoNT over 2 to 22 years, which were measured using the quality of life questionnaire (CDQ24 (18)), patients’ self-assessment of BoNT therapy (PAS), and physicians’ evaluation of the remaining severity of CD using the TSUI score (19), as well as the prevalence of NABs.



2 Methods


2.1 Patients and design of the study

This study was performed in accordance with the ethical principles outlined in the Declaration of Helsinki. It is a retrospective re-analysis of a cross-sectional study published in 2015 (11). Therefore, no new vote by the local ethics committee was necessary.

For the cross-sectional study, data from 220 still-responding CD patients were collected between 1 January 2010 and 30 April 2010. The inclusion criteria were as follows: (i) complete documentation of all previous injections, (ii) observation of the last 10 BoNT injection cycles in the BoNT outpatient clinic of the University of Düsseldorf (Germany), (iii) no interruption of BoNT treatment for longer than 4 months during the last 3 years before recruitment, (iv) confirmation of a positive treatment effect by the treating physician and patient, and (v) written informed consent. The exclusion criteria were as follows: (i) patient under medical care and (ii) CD patients receiving BoNT treatment for an additional indication (e.g., blepharospasm) with a dose >10% more than the CD dose.

In the first step, patients completed the CDQ24 questionnaire (18) in a nearby quiet office. Then, they underwent a detailed clinical investigation, including the measurement of body weight (BW). The treating physician then assessed the severity of CD using the TSUI score (19), while patients rated their CD severity as a percentage of the severity at the onset of BoNT therapy, using a visual analog scale (0–100; 0 = no symptoms of CD; 100 = CD as severe as pre-treatment (PAS)). Patients had been trained to perform this assessment, as they were required to complete it at the end of each injection cycle, just before receiving their next BoNT treatment. Finally, patients were reinjected with BoNT. After the injection, a blood sample was collected and frozen for later analysis of antibody presence during ongoing treatment.



2.2 Data collection

Demographic and treatment-related data (sex, age (=age at recruitment), age at onset of CD, DUR CD (=duration of CD), DUR BoNT (=duration of botulinum neurotoxin treatment), BW (=body weight at recruitment), TSUI (=TSUI score at recruitment), PAS (=patient’s assessment of severity of CD in % of the severity at onset of BoNT therapy), and DOSE (=mean dose of the previous 10 BoNT injections)) were either documented on the day of recruitment or extracted from the charts of the patients.

Blood samples were deep-frozen and stored until all samples of all patients had been collected. All samples were then shipped on ice to the BioProof AG laboratory (Munich, Germany). All the samples were stored in one batch so that they could be analyzed using the same ELISA test. Samples of ELISA-positive patients were sent to the Toxicon laboratory (MHH Hannover, Germany) for a confirmation test by means of the MHDA (20).



2.3 Assessment of quality of life by means of the CDQ-24

The effects of treatment on QoL were assessed on the day of recruitment using the validated CDQ24 (18). The CDQ24 comprises 24 items designed as a disease-specific QoL instrument to score five different aspects of QoL in CD: stigmatization (sum of questions 7, 8, 9, 10, 18, and 22 = CDQ24-A), emotional wellbeing (sum of questions 11, 12, 13, 14, and 15 = CDQ24-B), pain (sum of questions 4, 5, and 21 = CDQ24-C), activities of daily living (sum of questions 1, 2, 3, 6, 19, and 20 = CDQ24-D), and social/family life (sum of questions 16, 17, 23, 24 = CDQ24-E). Scores for each item range from 0 to 4, representing increasing severity of impairment. The total sum (CDQ24) and the five sub-scores (CDQ24-A–CDQ24-E) were analyzed.



2.4 Statistical analysis

Non-parametric methods were used to analyze correlations between demographic, treatment-related, and outcome variables. Linear regression models were calculated to visualize relationships and are included in Figures 1, 2. An ANOVA was used to assess differences in variables such as TSUI scores, PAS, and total CDQ-24 scores between the subgroups. Post-hoc pairwise comparisons were performed if significant effects were detected. Cross-correlation matrices explored relationships between body weight (BW), BoNT dose (DOSE), and outcome measures (TSUI, PAS, CDQ24, and CDQ24-A–E), with notable differences between male and female patients being highlighted. To determine the relationship between PAS and TSUI, regression analyses were conducted separately for male and female patients, revealing similar regression slopes and intercepts. To account for the potential confounding effect of BoNT dose on outcome differences, ANCOVA was applied, demonstrating that sex differences in CDQ-24 and PAS persisted even after controlling for dose levels. All statistical analyses were performed using SPSS software, with a significance threshold set at a p-value of < 0.05.
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FIGURE 1
 Left part: When DOSE (y-axis) is plotted against BW in female patients, a simple regression line results, indicating that no correlation between BW and DOSE can be detected. Right part: When DOSE (y-axis) is plotted against BW in male patients, a significant (p < 0.002) correlation between BW and DOSE is found.


[image: Figure 2]

FIGURE 2
 Left part: When the TSUI score (y-axis) is plotted against PAS in female patients, a highly significant (p < 0.0001) increasing regression line is found. Right part: When the TSUI score (y-axis) is plotted against PAS in the male patients, a nearly identical regression line with a highly significant correlation (p < 0.0001) between TSUI and PAS is found (compared also the small inserts in the left and right parts of this figure).





3 Results


3.1 Demographical data of female and male CD patients

Among the 220 patients with idiopathic cervical dystonia (CD), 135 were female (female-to-male ratio: 135/85 = 1.6:1). The mean age of the female patients (62.2 years) was significantly (p < 0.02) higher than that of the male patients (58.3 years). The mean duration of disease (DURD) was 17.0 years in the female and 18.6 years in the male patients and did not differ significantly. The mean duration of BoNT therapy was nearly equal in both patient subgroups (female patients: 11.4 years; male patients: 11.9 years; n.s.). The mean age of manifestation of CD (=age of onset of CD; AOS = AGE-DURD) was 43.1 years in the entire cohort. It was increasingly significantly (p < 0.001) lower in male (39.7 years) than in the female patients (45.2 years). Mean body weight (BW) was increasingly significantly (p < 0.001) lower in the female (67.6 kg) compared to the male patient subgroup (87.8 kg) (for further details, see Table 1).



TABLE 1 Demographics, treatment-related data, and outcomes in female and male patients.
[image: Table1]



3.2 Treatment-related data of female and male patients

The majority of the female patients (59.3%; n = 80) had been treated with abobotulinumtoxin type A (aboBoNT/A), 21.5% (n = 29) with onabotulinumtoxin type A (onaBoNT/A), 17.8% (n = 24) with incobotulinumtoxin type A (incoBoNT/A), and only 1% (n = 2) with rimabotulinumtoxin type B (rimaBoNT/B). The distribution of the BoNT preparations used for the treatment of the male patients was similar (aboBoNT/A: n = 59 (69.4%), onaBoNT/A: n = 11 (12.9%), incoBoNT/A: n = 14 (16.0%), rimaBoNT/B: n = 1 (1%)). The chi-squared test did not detect significant differences between the distributions of BoNT preparations (p = 0.166). For the sake of comparison, the doses of the different BoNT preparations were transformed into unified dose units (uDU) by leaving onaBoNT/A and incoBoNT/A doses unchanged, by dividing aboBoNT/A doses by a factor of 3.81, and by dividing rimaBoNT/A doses by a factor of 38.1. These conversion ratios have been used previously (11). The mean dose (uDU) was significantly (p < 0.02) lower in the female subgroup (female patients: 708 uDU; male patients: 759 uDU). However, the ratio of DOSE/BW was slightly higher in the female subgroup (female patients: 10.47 uDU/kg; male patients: 8.64 uDU/kg) (for further details, see Table 1).



3.3 Comparison of the primary outcome measure: the results of the CDQ24

All 220 CD patients completed the CDQ24 questionnaire (the primary outcome measure of the present study), which was used to score five aspects of patients´ quality of life. The total CDQ24 (sum of all 24 sub-scores) was increasingly significantly (p < 0.006) lower in male patients (CDQ24: 18.0) compared to female patients (CDQ24: 24.3).

Interestingly, the sub-scores CDQ24-A (stigmatization) and CDQ24-E (aspects of social life and family) did not differ between male and female patients (see Table 1), whereas the sub-scores CDQ24-B (emotional wellbeing), CDQ24-C (pain), and CDQ24-D (interference with daily living) were significantly (p < 0.004) higher in female patients (for further details, see Table 1).



3.4 Comparison of the secondary outcome measure: the results of PAS

Patients had been trained to assess the remaining severity of CD (PAS) at the end of an injection cycle just before they received their next BoNT injection. Furthermore, this parameter revealed a significant (p < 0.002) difference between female and male patients (see Table 1).



3.5 Comparison of physicians’ rating of the severity of CD by means of the TSUI score

For all patients and all BoNT injections, the remaining severity of CD was scored by the treating physician at the end of an injection cycle, just before the next BoNT injection was applied. The TSUI score in the female patients was slightly worse (5.21) than that in the male patients (4.64), but the difference was not significant (p = 0.19) (see Table 1).



3.6 Cross-correlations of demographic, treatment-related, and outcome data

To analyze in more detail whether there are differences in the disease management of female and male patients during BoNT therapy, cross-correlations between all parameters listed in Table 1 (except the NAB data) were performed (Tables 2, 3). The upper parts of Tables 2, 3 show the non-parametric cross-correlation coefficients, and the lower parts show the corresponding p-values.



TABLE 2 Cross correlation analysis of the data of the female patients.
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TABLE 3 Cross-correlation analysis of the data of male patients.
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In female patients, body weight (BW) did not correlate with any parameter (Table 2; for the presentation of the individual data, see Figure 1, left part). This was different in male patients (Table 3). BW of the male CD patients revealed a significant (p < 0.002) correlation with DOSE (for the presentation of individual data, see Figure 1, right part) as well as with PAS (p < 0.03).

All three outcome measures revealed significant cross-correlations with each other in the female (Table 2) and male (Table 3) patients. The correlation between patients´ self-assessment of CD severity (PAS) and physicians´ ratings of the remaining severity of CD using the TSUI score was nearly identical between the female and the male patients. This is shown in Figure 2. The regression line between TSUI (y-axis) and PAS (x-axis) had nearly the same slope and intercept for the female and the male patients (female patients: TSUI = 0.0675*PAS + 1.905; r = 0.5170; p < 0.001 (Figure 2, left part); male patients: TSUI = 0.0676*PAS + 1.956; r = 0.6174; p < 0.001 (Figure 2, right part)).

DOSE was significantly (p < 0.03) correlated with all three outcome measures (CDQ24, PAS, TSUI) in both the female and the male subgroups (compared to Tables 2, 3).

Since CDQ24 was correlated with dose in female but not in male patients, an ANCOVA was used to demonstrate that the significant difference between sex groups persisted for CDQ24 and PAS even when the influence of dose was controlled (see Table 4), or that the influence on outcome of SEX was much stronger than DOSE.



TABLE 4 Comparison of influence on outcome of SEX compared to DOSE.
[image: Table4]



3.7 Comparison of NAB formation in female and male CD patients

In all 220 CD patients, an ELISA test was performed to analyze the presence of NABs. NABs were detected in 26 (= 19.3%) of the female patients. In male patients—who had been treated with BoNT for at least as long as the female patients, and received higher doses less frequently—NABs were detected in 13 patients (15.3%, p < 0.006).

Table 5 compares the mean values of the four parameters—DOSE, CDQ24, PAS, and TSUI—between NAB+ and NAB− male patients (upper part) and between NAB+ and NAB− female patients (middle part). The dose had been increased more in the female NAB+ patients than in the male NAB+ patients, resulting in better CDQ 24 and PAS scores in the NAB+ compared to the NAB− patients (see lower part of Table 5). This finding underlines the necessity of sufficiently high dosing. The difference in PAS between male NAB+ patients and NAB− patients was +6.8, whereas the difference between female NAB+ patients and NAB− patients was −1.9. This difference between female and male patients was significant (p < 0.02).



TABLE 5 Comparison of the difference between NAB+ and NAB− patients.
[image: Table5]




4 Discussion


4.1 Typical demographic data of the present cohort of CD patients

The patients in the present study represent a typical cohort of Caucasian patients with idiopathic cervical dystonia. The mean age of the onset of symptoms was 43.1 years, which is very close to the 42.0 years reported in (1). Furthermore, the female-to-male ratio of 1.6:1 fits the mean female-to-male ratio of 1.7:1 across 16 epidemiological studies reported in (1). Even the significantly earlier age of CD manifestation in male patients compared to female patients has been observed in several previous epidemiological studies (21–24).



4.2 Differences in outcome between female and male CD patients

Three different outcome measures were analyzed in the present study: the CDQ24 questionnaire (18), the patient’s assessment of the remaining severity of CD in percent of the severity of CD at the onset of BoNT therapy (PAS), and the physicians’ scoring of the remaining severity of CD at the end of an injection cycle using the TSUI score (TSUI (19)). All three parameters were increasingly significantly correlated with each other (see Tables 2, 3). CDQ24 and PAS were significantly worse in female patients than in male patients, although the mean duration of continuous treatment was approximately 11.5 years without a difference between the patient subgroups. No significant difference was found in the TSUI score.

Interestingly, PAS (patient’s assessment of the efficacy of BoNT treatment, scoring the remaining severity of CD in percent of the initial severity of CD at the onset of BoNT therapy) was correlated with TSUI (physicians’ assessment of the remaining severity of CD). Highly significant (p < 0.001) correlations and nearly identical regression lines between PAS and TSUI were found for female and male patients (see inserts in the left and right part of Figure 2). Therefore, the assessment of the clinical appearance of CD did not differ between female and male patients.

This is in full agreement with the fact that aspects of stigmatization scored by the CDQ24-A sub-score did not differ between female and male patients. Furthermore, the implications of CD on social life or family (CDQ24-E) did not show significant differences between female and male patients. The differences in outcome primarily result from aspects of the body scheme and self-awareness, including pain.



4.3 Differences in the treatment of female and male CD patients

The most striking difference between female and male patients was body weight (BW), which was to be expected. In the entire cohort, BW did not correlate with any other parameter analyzed in the present study. At our institution, the treatment strategy for patients with CD is to adapt the dose based on the severity of CD rather than body weight. As a result, highly significant correlations were observed between DOSE and TSUI, PAS, and CDQ24.

This is different from the treatment of patients with spasticity. In the BoNT treatment of spasticity in children with infantile cerebral palsy (ICP), dosing according to BW is a standard procedure (15, 17). Nevertheless, there has been an ongoing debate since the first studies on BoNT treatment of ICP (25, 26) on whether patients should be treated with low or high doses per BW. Both the efficacy of treatment and severe and systemic side effects appear to increase with dose per BW (17, 27). In CD, no such recommendations exist.

A closer look at the data from the present study reveals that female and male patients were treated differently. In the male patients, a significant increase in dose with body weight was observed (Figure 1, right part), whereas in the female patients, no dose adaptation to BW was observed (Figure 1, left part). In women with a high BW, the BoNT dose had not been increased, resulting in a significantly lower mean BoNT dose and, therewith, lower mean TSUI and lower CDQ24 scores. This discrepancy had occurred unconsciously, and the treating physicians were unaware of the different treatment strategies they had applied for the treatment of female and male CD patients over the years. Female patients, who were treated without any dose adaptation to BW, rated their outcomes as worse than male patients who received doses adapted to BW.

DOSE was significantly higher in female patients who tested positive for NAB (NAB+ patients) than in NAB− patients (see Table 5). It is highly likely that, in these patients, a pSTF had already developed over the years so that the dose per session had been increased more and more up to 794 uDU, which is close to the 821 uDU in male NAB+ patients (Table 5). As a result, CDQ24 and PAS were better in female NAB+ compared to female NAB− patients. This was not the case in male patients (see Table 5). This finding demonstrates that, in the present cohort of still-responding CD patients, each dose increase leads to further improvement, indicating that female patients, especially those with a higher BW, had potentially been underdosed in the present cohort.



4.4 The difference in treatment dose does not completely explain the difference in outcome

To control the influence of dose, an ANCOVA was calculated with dose as a covariate. Even when differences in dose are taken into account, PAS and CDQ24-B, CDQ24-C, and CDQ-D remain significantly (p < 0.004) different between female and male patients (see Table 4). The most significant difference was observed in the aspects of emotional wellbeing (CDQ24-B).

This indicates that female patients with CD may suffer more from disturbances in their self-image or inner representation of their own body than male patients with CD. Therefore, future studies should explore whether a simple increase in dose will not completely compensate for the difference in outcome between male and female patients.



4.5 Difference in NAB formation cannot be excluded

Although the mean dose per session of BoNT was lower in female patients than in male patients, the frequency of NAB induction was significantly higher in the female subgroup. This finding is in line with the well-established fact that autoimmune diseases are more common in female than in male patients (28) and autoimmune diseases in female patients are more often associated with additional autoimmune conditions compared to male patients (29). A more active immune system in female patients can therefore account for the higher prevalence of NABs in female than in male patients in the present study.

However, theoretically, other factors, such as a larger diffusion of BoNT through muscle membranes in female than in male patients, can provide a possible explanation. Compared to the difference in autoimmunity, these factors are less well analyzed.

Nevertheless, we recommend optimizing the injection scheme and interval before increasing the BoNT dose and choosing the BoNT preparation with the lowest antigenicity, regardless of the patient’s sex.




5 Conclusion

The present study demonstrates that the outcome of BoNT therapy is rated worse by female CD patients compared to male CD patients, despite minimal differences in the clinically apparent symptoms of CD. Female patients with a higher body weight were likely underdosed. However, differences in dosing appear to play a less significant role than aspects of self-awareness. We therefore recommend conducting further studies and a meta-analysis of existing data to analyze the differential outcomes in female and male patients during BoNT therapy in greater detail. We also recommend further studies on NAB formation during BoNT therapy and whether the difference in the prevalence of NABs in the present study can be confirmed by other centers.



6 Strengths and limitations of the study

The strength of the present study is that it demonstrates a difference in treatment outcomes between female and male patients during BoNT long-term therapy, particularly in terms of quality of life and patients´ assessment of treatment efficacy. A key limitation of the study is that it is a monocentric study and relies primarily on the CDQ24 as the only quality-of-life measurement instrument tool, as well as on the relatively simple TSUI score to assess the severity of CD. Therefore, a prospective study is recommended—one that more precisely controls for BoNT dose and CD severity and evaluates the differential influence of BoNT therapy on the quality of life of female and male patients using additional quality-of-life instruments in addition to the CDQ24. Such a study should also explore the potential influence of psychiatric factors such as depression and prospectively analyze the incidence and prevalence of both NAB formation and autoimmune diseases.
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Cross-correlation analysis of the following parameters: AGE = age at recruitment; BW = body weight; TSUI = TSUI score at recruitment; DUR CD = duration of cervical dystonia; DUR
BONT = duration of botulinum neurotoxin treatment; DOSE = mean dose per session during the last 10 BN injections; PAS = patient’s assessmen o the severity of CD in % of the severity
at onset of BoNT therapy; CDQ24 = sum of llfive subscores CDQ24-A - CDQ24-E. The upper part presents correlation coefficients 1, and the lower part the corresponding p-values.
ignificant correlations are bold. With two exceptions, all sub-scores CDQ24-A to CDQ24-E were correlated with each other. Therefore, ths part of the cross-correlation matrix was omitted.
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Comparison of the influence of SEX and DOSE on PAS and CDQ24 and its sub-scores
CDQ24 A-E. Beyond the highly significant influence of SEX on PAS, CDQ24, and CDQ24-B
(0 CDQ24-D, no further influence of DOSE could be detected. Bold values indicate
statistically significant p-values (p < 0.05).
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= number of patients; AGE = age at recruitment; DUR CD = duration of cervical dystonia;
DUR BoNT = duration of botulinum neurotoxin treatment; BW = body weight;

TSUI = TSUI score at recruitment; PAS = patients assessment of the severity of CD in % of
the severity at onset of BNT therapy; DOSE = mean dose per session during the last 10
BONT injections; NAB = number and percent of NAB+ patients; CDQ24 = sum of allfive:
sub-scores CDQ24-A-CDQ4-E; CDQ24-A-CDQ24-E = the five different sub-scores of the
CDQ24. Bold values indicate statistically significant p-values (p < 0.05).
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Cross-correlation analysis of the following parameters: AGE = age at recruitment; BW = body weight; TSUI = TSUI score at recruitment; DUR CD = duration of cervical dystonia; DUR
BONT = duration of botulinum neurotoxin treatment; DOSE = mean dose per session during the last 10 BN injections; PAS = patient’ assessmen of the severity of CD in % of the severity
at onset of BoNT therapy; CDQ24 = sum of all five subscores CDQ24-A-CDQ24-E. The upper part presents correlation coefficients r, and the lower part presents the corresponding p-values.
ignificant correlations are bold. All sub-scores CDQ4-A to CDQ24-E were correlated with each other. Therefore, this part of the cross-correlation matrix was omitted.
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Comparison of TSUL, PAS, DOSE, and CDQ24 in male (M) patients with (NAB+) and
without (NAB-) antibody formation (upper part of this table). All four parameters revealed a
significant difference between the two antibody subgroups. In the female patients (middle
part of this table), only DOSE showed a significant difference between NAB+ and NAB—
female patients. When the differences of the four parameters (TSUL PAS, DOSE, and
CDQ24) betwween NAB+ and NAB— patients in the female and male patient subgroups
(lower part of this table) were compared, PAS was significantly (p < 0.02) different. Bold
values indicate statistically significant p-values (p < 0.05).





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Do female and male patients with cervical dystonia respond differently to long-term botulinum neurotoxin therapy?



		1 Introduction



		2 Methods



		2.1 Patients and design of the study



		2.2 Data collection



		2.3 Assessment of quality of life by means of the CDQ-24



		2.4 Statistical analysis









		3 Results



		3.1 Demographical data of female and male CD patients



		3.2 Treatment-related data of female and male patients



		3.3 Comparison of the primary outcome measure: the results of the CDQ24



		3.4 Comparison of the secondary outcome measure: the results of PAS



		3.5 Comparison of physicians’ rating of the severity of CD by means of the TSUI score



		3.6 Cross-correlations of demographic, treatment-related, and outcome data



		3.7 Comparison of NAB formation in female and male CD patients









		4 Discussion



		4.1 Typical demographic data of the present cohort of CD patients



		4.2 Differences in outcome between female and male CD patients



		4.3 Differences in the treatment of female and male CD patients



		4.4 The difference in treatment dose does not completely explain the difference in outcome



		4.5 Difference in NAB formation cannot be excluded









		5 Conclusion



		6 Strengths and limitations of the study



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Conflict of interest



		Generative AI statement



		Publisher’s note



		References



















OPS/images/fneur-16-1553989-g001.jpg
DOSE (uou)

females: BW/DOSE

n w %
‘Body Weight (ka)

veose7ece 5957

oose (wou)

males: BW/DOSE

n w®
‘Sody Weight (kg)

yeasesne 308
Re016e

W m






OPS/images/fneur-16-1553989-g002.jpg
TSUI-score.

se

Pas (%)

=00e7se 1505
023

TSuscore

%

‘males: PAS/TSUI

pas 5

Ve008TBe 1557
[

®  w W





OPS/images/cover.jpg
& frontiers | Frontiers in Neurology

Do female and male patients with
cervical dystonia respond
dieff rently to long-term
botulinum neurotoxin therapy?












OPS/images/crossmark.jpg
©

2

i

|






OPS/images/logo.jpg
, frontiers Frontiers in Neurology






