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Purpose: To explore the frequency of orthostatic hypotension (OH) in a large sample of amyotrophic lateral sclerosis patients (ALS).

Methods: From the PRO-ACT database, data of 1,240 ALS patients were analyzed, focusing on blood pressure and heart rate before and after standing. OH was defined as a drop in systolic/diastolic blood pressure > 20/10 mm Hg within 3 min of standing. Neurogenic OH was diagnosed when the heart rate increase was below 15 bpm in patients not taking medications that could affect this response.

Results: At baseline, 138 (11.1%) patients showed OH, 76.1% of whom had neurogenic OH. At follow-up, 163 patients (13.1%) had OH, 71.2% with neurogenic OH. Only 22.5% of the patients with OH at baseline had OH at follow-up.

Conclusion: In a large sample of ALS patients, OH occurred in 11–13%, pointing to a subgroup that might require special care to avoid related complications.
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Introduction

Amyotrophic lateral sclerosis (ALS) is a neurodegenerative disease classically believed restricted to the motor pathway (1, 2). In more prevalent neurodegenerative diseases like Parkinson’s (PD), non-motor symptoms have gained attention and are associated with increased morbidity and mortality (3, 4).

The overlap between cognitive dysfunction and ALS has been known for several years (5). Yet, there is no consensus about the concurrence of sensitive or autonomic dysfunction. Among dysautonomia symptoms, orthostatic hypotension (OH) is of the utmost importance since its role as a risk factor of myocardial infarction, stroke, vascular disease, and even death (6, 7). It can be classified as non-neurogenic (secondary to impaired vasoconstriction or reduced cardiac function) or neurogenic (determined by a pathologic autonomic response). The latter is defined by an inadequate heart rate response in the context of OH (6, 8).

Several studies employing small samples have suggested OH is infrequent in ALS (9–12). However, this issue has not been explored seemingly in larger samples. The Pooled Resource Open-Access ALS Clinical Trials database (PRO-ACT) is an ALS patient repository that includes de-identified records of over 8,500 individuals from 17 phase II and III clinical trials held between 1990 and 2010 (13).

We aimed to address the frequency of OH in a large sample of ALS patients.



Method

We selected ALS patients with two measurements of blood pressure and heart frequency variation under orthostatic stress from the 10,723 records of the PRO-ACT database. OH was defined as the fall in systolic and/or diastolic blood pressure > 20/10 mm Hg within the first 3 min after standing up (8, 14). Neurogenic OH was considered when: (1) OH was present; (2) no medications were being administered for Parkinson’s disease or diabetes or drugs that could prevent a compensatory heart rate increase upon standing such as adrenergic alpha- or beta-blockers, non-dihydropyridine calcium channel blockers, central alpha-2 agonists, or amiodarone (14), and (3) heart rate increase was lower than 15 bpm after standing up (6, 14). In patients with OH with a systolic component, the ratio between heart rate change and systolic blood pressure drop (HR/SBP ratio) was determined, as values below 0.492 are diagnostic of neurogenic origin (15). Blood pressure was measured twice, separated by a median of 8.8 months.

The frequency of OH was compared with that of a control group of healthy individuals of similar sex and age from a different database (16).

The t-test or Pearson chi-square test was used for between-group bivariate comparisons and the McNemar’s test was used for dependent samples comparison.



Results

Out of 1,240 eligible records, 779 (62.8%) were of men, and 1,161 (95%) were of white race, with 54.07 ± 12.28 years old mean age ± SD. Data of time since symptom onset, form of onset, ALS-FRS, comorbidities, and forced vital capacity (FVC) was missing.

None of the patients were being pharmacologically treated for OH, including midodrine, droxidopa, fludrocortisone, pyridostigmine, or desmopressin, as per the analysis of the PRO-ACT medication records. One thousand fourteen patients (81.8%) were using at least one medication associated with OH, such as antihypertensive drugs, diuretics, antidepressants, dopaminergic agents, anticholinergics, vasodilators, alpha-2 agonists, antipsychotics, and benzodiazepines. Eleven patients (0.9%) were under treatment with dopaminergic or sugar-lowering drugs, while 166 (13.4%) were receiving drugs that might affect the heart rate response during orthostatic stress.

At baseline (Table 1), 138 patients (11.1%) had OH. Most of them (n = 105, 76.1%) had neurogenic OH. The mean ± SD heart rate, systolic blood pressure (SBP) and diastolic blood pressure (DBP) differences (bpm, standing minus decubitus) in patients with OH were 4.46 ± 11.00, −14.43 ± 13.31, and − 9.93 ± 8.38, respectively. Of the 138 patients with OH, 45 (32%) fulfilled SBP criteria, 70 (51%) DBP criteria, and 23 (17%) both. Among those with SBP or SBP + DBP criteria for OH diagnosis (n = 68), 89% had an HR/SBP ratio below 0.492. Systolic/diastolic blood pressure (SBP/DBP) and heart rate (beats per minute) in the supine position were, respectively, 130.8 ± 16.4, 82.0 ± 10.4, and 74.1 ± 10.8; and 131.9 ± 17.8, 83.5 ± 11.3, and 79.8 ± 13.1 in the standing position. Three-hundred forty-one patients (27.5%) had supine SBP/DBP values >140/90 mm Hg and thus were considered as hypertensives. The frequency of hypertension among the patients without OH, with non-neurogenic OH, or with neurogenic OH was 26.2, 14.3, and 40.0%, respectively. The chi-sq test revealed a non-significant difference in the prevalence of HTA between patients without OH and those with non-neurogenic OH (p = 0.48), while the difference between the former and the patients with neurogenic OH reached statistical significance (p = 0.005).



TABLE 1 Orthostatic hypotension assessment at baseline and after the follow-up period in ALS patients.
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There were no statistically significant differences in sex (p = 0.392), age (p = 0.261), race (p = 0.584), or use of OH-associated medications (p = 0.128) between patients with and without baseline OH. Patients with OH with or without neurogenic characteristics were not different according to sex (p = 0.805), age (p = 0.086), or race (p = 0.117). However, patients with neurogenic OH were less likely to be taking OH-associated drugs than those with non-neurogenic OH (70% vs. 97%, p = 0.002).

At follow-up (Table 1), 163 patients (13.1%) had OH and 116 patients (71.2%) had neurogenic OH. The mean ± SD heart rate, SBP and DBP differences (bpm, standing minus decubitus) in patients with OH were 5.64 ± 11.83, −14.70 ± 13.94 and − 9.22 ± 9.14, respectively. Of the 138 patients with OH, 55 (34%) fulfilled SBP criteria, 82 (50%) DBP criteria and 26 (16%) both. Among those with SBP or SBP + DBP criteria for OH diagnosis (n = 81), 64% had an HR/SBP ratio below 0.492. Supine SBP/DBP (mm Hg) and heart rate (bpm) in the standing position were 131.0 ± 17.3/81.5 ± 10.5, and 76.8 ± 10.8 and 131.5 ± 17.7/83.3 ± 11.1 and 81.8 ± 13.8. There were no differences with the respective baseline values in supine or standing SBP/DBP and heart rate (p = 0.73, p = 0.15, p = 0.45, p = 0.65). However, heart rate frequency in the supine and standing positions increased by about 3 bpm compared with baseline (p-values <0.01).

Patients with and without OH were not statistically different according to sex (p = 0.963), race (p = 0.244), or use of medications associated with OH (p = 0.555), while the former ones were older than the latter ones (55.97 ± 11.59 vs. 53.78 ± 12.36 years old, p = 0.034). There were no differences in sex (p = 0.833), age (p = 0.518), or race (p = 0.412) among patients with or without neurogenic OH. Anew, among patients with OH, those with neurogenic OH were less frequently on OH-associated drugs (77% vs. 100%, p < 0.001).

Compared against 108 healthy individuals (56.5% men, mean age 57.73 ± 11.62 years), of whom 6 (5.6%) had OH, the frequency of OH was the same at baseline (p = 0.07) but different at follow-up (p = 0.02).

Regarding OH during both evaluations, most patients (77.5%) with baseline OH, both neurogenic and non-neurogenic, had no OH at follow-up (Table 1), and only 22.5% (n = 31) had persistent OH. Among them, 12 (39%) fulfilled SBP criteria, 11 (35%) DBP criteria and 8 (26%) both. Although the small sample size limits the statistical analysis, there seems to be a trend in patients fulfilling DBP criteria with sustained OH. Neither the frequency variation of OH vs. no OH nor neurogenic vs. non-neurogenic OH between baseline and follow-up reached statistical significance using the McNemar test (p = 0.121 and p = 0.999, respectively) for paired samples.



Discussion

The mean OH frequency at both measurements was around 12%, higher than the 6–10% prevalence reported in the middle-aged population (7, 17–19). Arguably, ALS patients are more prone to physical deconditioning due to impaired mobility and taking medications associated with OH, like amitriptyline, muscle relaxants, or antidepressants. Yet, most patients had a pathological heart rate response to OH, suggesting dysautonomia, unrelated to their ambulatory capacity or use of medications associated with OH, the latter evenly distributed among patients with and without OH.

The frequency of neurogenic OH was lower than described for other neurodegenerative diseases with dysautonomia like PD (50%), Lewy body dementia (50%), multiple system atrophy (70%), and pure autonomic failure (100%) (6, 8, 20), yet higher than the 5.6% observed in a sample of age- and gender-matched healthy controls (16). Oxidative stress is one of the environmental factors associated with ALS (1, 2) and, eventually, dysautonomia (21). Hence, these findings might put towards a subgroup of patients with a particular phenotype. Further research is necessary to explore this hypothesis.

While previous studies have failed to detect OH in this disease (9–12, 22, 23), some have observed an altered adrenergic behavior (9, 11). Noteworthy, most of them included samples with less than 60 patients, which could account for their negative results.

Non-neurogenic-OH was associated with the more frequent use of OH-associated medications, already described as a risk factor for OH (6, 8, 24). Yet, as patients with and without OH showed no differences, we believe this finding can be sample-related.

Strikingly, only 22.5% of patients having baseline OH showed a pathologic response to orthostatic stress at follow-up. A similar finding and proportion (20%) were described in a larger sample of middle-aged men (n = 5,722) in the Malmö Preventive Project (25) and attributed to the known daily and seasonal blood pressure variability and low reliability of a single BP measurement after standing compared with a continuous tilt-test blood pressure monitoring (25, 26). Yet, the OH definition (8, 14) considers manual measurement valid. Hence, even if prone to error, our analysis shows a higher frequency of OH compared with an age- and gender-matched sample of healthy controls (16). However, we believe it important to highlight that, as observed by Fedorowski et al. (25), patients with sustained OH are at higher risk of cardiovascular events, making their identification of vital importance.

Our analysis has several limitations. The source database includes 10,723 patients and selection bias might be present. Moreover, there was no register of comorbidities known as associated with neurogenic OH, like diabetes and Parkinson’s disease. Nevertheless, fewer than 1% of the patients were on medications for any of those conditions. Since information regarding disease severity (ALS-FRS or FVC) was missing, determining the motor functionality stage corresponding to our findings was not possible. However, considering that the PROACT database is made of records of phase II and III trials that usually enroll patients within the first 2 years after symptom onset, our findings are unlikely to correspond with severe morbidity. Also, there was no information on OH symptoms or related outcomes, like falls, fall-related injury or death, target-organ damage, etc., to enrich OH characterization in ALS and help guide future research. Multiple blood pressure measurements after standing could have increased assessment reliability. Finally, data on sex, age, disease severity, race, time since symptom onset, form of disease onset, comorbidities, and FVC were not in the database and could not be analyzed. Further studies are needed to better understand their impact on OH in ALS.

This appears to be the largest ALS patient sample study that evaluates OH. Noteworthy, its frequency was over 10%, showing a subgroup of ALS patients that might require special care to avoid related complications. Well-designed studies are necessary to confirm these findings.
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