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Abstract

Background: The m.3243A>G mutation can cause multisystem medical problems and can affect 

the autonomic nervous system.

Objective: To study the frequency and spectrum of autonomic symptoms associated with the 

m.3243A>G mitochondrial DNA point mutation.

Design, Setting, and Patients: We studied a cohort of 88 matrilineal relatives from 40 

families, including 35 fully symptomatic patients with mitochondrial myopathy, encephalopathy, 

lactic acidosis, and strokelike episodes (MELAS), 53 carrier relatives, and 16 controls using a 

questionnaire based on existing standard instruments for the evaluation of autonomic dysfunction. 

We compared the questionnaire with an expert evaluation. We compared data among the 3 groups 

using the Mantel-Haenszel χ2 test to determine the statistical significance of differences between 

groups.

Results: Mutation carriers frequently had symptoms of autonomic dysfunction, specifically 

gastrointestinal and orthostatic intolerance.

Conclusions: Carriers of the m.3243A>G mutation have frequent autonomic symptoms. The 

m.3243A>G mutation should be considered as an etiological factor in patients with autonomic 

dysfunction and a medical or family history suggestive of mitochondrial disease. Because some 

autonomic symptoms are treatable, early detection and proactive management may mitigate the 

burden of morbidity.

Mitochondrial myopathy, encephalopathy, lactic acidosis, and strokelike episodes (MELAS) 

is a multisystem syndrome disease with progressive neurological decline that is punctuated 

Correspondence: Petra Kaufmann, MD, MSc, Department of Neurology, Columbia University, 710 W 168th St, New York, NY 
10032 (pk88@columbia.edu).
Author Contributions: Study concept and design: Weimer, De Vivo, and Kaufmann. Acquisition of data: Weimer, Engelstad, Linker, 
Battista, De Vivo, and Kaufmann. Analysis and interpretation of data: Parsons, Weimer, Linker, Wei, Hirano, DiMauro, De Vivo, and 
Kaufmann. Drafting of the manuscript: Parsons, Engelstad, De Vivo, and Kaufmann. Critical revision of the manuscript for important 
intellectual content: Weimer, Linker, Battista, Wei, Hirano, DiMauro, De Vivo, and Kaufmann. Statistical analysis: Wei and 
Kaufmann. Obtained funding: De Vivo. Administrative, technical, and material support: Weimer, Engelstad, Hirano, and De Vivo. 
Study supervision: Weimer, DiMauro, De Vivo, and Kaufmann.

Financial Disclosure: None reported.

HHS Public Access
Author manuscript
Arch Neurol. Author manuscript; available in PMC 2021 July 16.

Published in final edited form as:
Arch Neurol. 2010 August ; 67(8): 976–979. doi:10.1001/archneurol.2010.174.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



by episodic neurological worsening.1 The most common mutation underlying MELAS is the 

m.3243A>G mutation in the mitochondrial DNA.2 Carriers of the m.3243A>G mutation 

without the strokelike episodes typical of MELAS can be asymptomatic or develop a broad 

range of signs and symptoms that can vary in severity and that are attributed to 

mitochondrial dysfunction.3 The mutation may be more prevalent than previously thought, 

with a frequency reported to be as high as 236 cases per 100 000 individuals in an Australian 

population.4 The mutation causes respiratory chain dysfunction and consequently impairs 

cellular energy metabolism. Neurons are extremely sensitive to cellular energy deficiency. 

As a result, both central and peripheral nervous systems are vulnerable in people harboring 

the m.3243A>G mutation. While central nervous system involvement is one of the hallmarks 

of MELAS, peripheral nervous system dysfunction can be subtle. We and others have 

previously reported clinical and subclinical evidence of peripheral neuropathy.5,6 Our 

clinical experience suggests that autonomic nervous system dysfunction may be an 

important contributor to morbidity in MELAS.

We therefore hypothesized that m.3243A>G mutation carriers, both with and without the full 

MELAS syndrome, experience autonomic symptoms at a higher rate than the general 

population. Here, we describe the autonomic symptoms associated with the m.3243A>G 

mutation based on a cohort of 88 mutation carriers from 40 families using standardized 

questionnaires. This information will be useful to clinicians in diagnosing and managing 

patients with multisystem manifestations due to the m.3243A>G mutation.

METHODS

STUDY POPULATION

We evaluated a subset of consecutive m.3243A>G mutation carriers and their matrilineal 

relatives who are participating in an ongoing natural history study at Columbia University 

Medical Center, New York, New York. Participants are self-referred or physician-referred. 

Patrilineal or married-in relatives and friends were included as controls. Subjects (n=104) 

from 40 families were divided into 3 groups: m.3243A>G mutation carriers with lactic 

acidosis and with a history of strokelike episodes, focal seizures, or both were classified as 

fully symptomatic patients with MELAS (n=35); matrilineal carrier relatives without focal 

seizures or strokes were classified as carrier relatives (n=53); and patrilineal or married-in 

family members and friends were recruited as control subjects (n=16).

STUDY DESIGN

In a cross-sectional design, we coadministered an autonomic questionnaire adapted from the 

Autonomic Symptom Profile along with a comprehensive medical evaluation previously 

described.7,8

DETAILED DESCRIPTION OF STUDY PROCEDURES

The questionnaire consisted of 18 questions, each answered by yes or no. The questions 

targeted 14 symptoms in 7 domains of autonomic function (orthostatic, secretomotor, male 

sexual dysfunction, urinary, gastrointestinal, pupillomotor, and vasomotor), a detailed 

medication history, and a family history relevant to autonomic dysfunction. For the 
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orthostatic domain, in addition to inquiring about the presence of any orthostatic dizziness or 

lightheadedness, a positive response prompted additional, more specific questions to clarify 

the autonomic nature of these symptoms. This led to a more specific category of autonomic-

type dizziness within the orthostatic domain. The questionnaire was administered by a single 

trained interviewer (K.E.). An expert in autonomic function who was blinded to group status 

(L.W.) interviewed a subset of patients and administered the same questionnaire, and we 

found excellent agreement between interviewers. Not all subjects answered all questions. 

The Table indicates the number of those who answered by question.

SETTING

All evaluations took place at the Columbia University Medical Center in New York.

DATA ANALYSIS

We compared data among the 3 groups using the Mantel-Haenszel χ2 test to determine the 

statistical significance of differences between groups.9 Comparisons between individual 

groups were performed using Bonferroni correction to adjust for multiple comparisons.

RESULTS

SUBJECTS

The 35 patients with MELAS had a mean age of 33 years (range, 11–61 years); 16 (46%) 

were men. The 53 carrier relatives had a mean age of 39 years (range, 8–69 years); 18 (34%) 

were men. The 16 control subjects had a mean age of 56 years (range, 23–73 years); 11 

(69%) were men.

AUTONOMIC SYMPTOMS

Both patients with MELAS and carrier relatives commonly reported autonomic symptoms, 

and there was a statistically significant difference between the presence of any autonomic 

symptom in both groups and in control subjects (P<.001) (Table). Twenty-eight patients with 

MELAS (80%) and 33 carrier relatives (62%) reported 1 or more autonomic symptoms 

compared with 2 controls (12%). Nearly all autonomic symptoms were significantly more 

frequent in patients with MELAS than in controls, with the exception of dry eyes or mouth, 

a sensation of incomplete bladder emptying, and problems with male sexual performance. 

Carrier relatives reported significantly more gastrointestinal symptoms and problems with 

excessively cold or discolored hands and feet compared with controls (all P<.05).

Gastrointestinal symptoms were especially common in the MELAS and carrier groups. 

Twenty-three patients with MELAS (66%) and 20 carrier relatives (38%) reported 1 or more 

gastrointestinal symptoms compared with 0 controls. More than half of the patients with 

MELAS reported postprandial symptoms.

Orthostatic dizziness was reported by 15 patients with MELAS (43%) and more specific 

autonomic-type dizziness was reported by 10 patients with MELAS (29%), significantly 

more than carrier relatives and controls. Other orthostatic symptoms were reported by 9 of 

31 patients with MELAS (29%) and 10 of 49 carrier relatives (20%) compared with 0 
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controls. This difference was statistically significant for the patients with MELAS compared 

with controls (P=.04).

Of the 28 patients with autonomic symptoms in the MELAS group, 8 (29%) were receiving 

medications that could interfere with autonomic function, compared with 10 of 33 (30%) in 

the carrier group and 2 of 2 (100%) in the control group. There was no significant difference 

between these groups (all P>.10). Of patients with autonomic symptoms, 5 (18%) in the 

MELAS group were receiving medications for diabetes mellitus, compared with 5 (15%) in 

the carrier group and 0 in the control group. Again, there was no significant difference 

between these groups (P>.99).

COMMENT

Autonomic symptoms have long been recognized as a feature of mitochondrial disorders 

such as mitochondrial neurogastrointestinal encephalomyopathy (MNGIE), Kearns-Sayre 

syndrome, and Leigh syndrome.10 Symptoms presenting in infancy and severe enough to 

over-shadow myopathic abnormalities were found in 3 patients with mitochondrial 

encephalomyopathies.11 In a series of 22 patients with a variety of mitochondrial diseases, 

only 4 patients reported autonomic symptoms, but 10 patients had autonomic dysfunction by 

laboratory investigation.12 In a study of 33 patients harboring the m.3243A>G mutation, 

some measures of heart rate variability differed between patients and matched controls. 

Also, 4 of 7 patients who died during the 3-year study follow-up died suddenly and 

unexpectedly.13 Similar differences in heart rate variability have been shown to be associated 

with an increased risk of cardiac mortality in patients following myocardial infarction.14

In addition to the increased risk that autonomic disturbances pose, their effect on quality of 

life may be substantial. In patients with paroxysmal atrial fibrillation, the secondary 

symptoms of dizziness, chest pain, and perspiration were predictive of low quality of life 

independent of the paroxysmal arrhythmia.15 Patients with postural orthostatic tachycardia 

syndrome reported functioning comparable to that of patients with congestive heart failure 

or chronic obstructive pulmonary disease.16

To our knowledge, this series is the largest prospective, questionnaire-based study of 

autonomic dysfunction in a genetically homogeneous sample. We found that 80% of patients 

with MELAS and more than 60% of m.3243A>G carriers have 1 or more autonomic 

symptoms. Gastrointestinal symptoms were especially common in the MELAS group, 

occurring in 66% of these patients, and they occurred in almost 40% of mutation carriers. 

More than 40% of patients with MELAS reported orthostatic dizziness or lightheadedness. 

This pattern is consistent with our clinical experience in which these symptoms are both 

common and disabling. Nearly all symptoms questioned occurred significantly more 

frequently in the MELAS group compared with controls.

Our sample was limited to patients referred to our center and is not population based, so it 

may not be representative of the m.3243A>G population at large. In addition, our largely 

family-based control group is well matched for environmental and socioeconomic status but 

is poorly matched for age and sex. Because the incidence of autonomic symptoms increases 
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with advancing age, the older control group represents a potential confounder. However, the 

mismatch would result in an underestimate of the differences between patients and controls 

rather than false-positive conclusions.

Finally, the presence of diabetes mellitus and the use of concurrent medications with 

potential effects on the autonomic nervous system are potential confounders. However, we 

have taken a careful medication history and have established that both of the 2 control 

participants with autonomic dysfunction were receiving potentially causative medications 

compared with only approximately 30% in the carrier and MELAS groups. While there were 

more patients with diabetes mellitus in both the MELAS group and the carrier group, this 

difference did not reach statistical significance. This suggests that neither medication 

adverse effects nor diabetes mellitus alone can account for the relatively high prevalence of 

autonomic dysfunction symptoms.

In summary, our study suggests that autonomic symptoms are common among both patients 

with MELAS and m.3243A>G mutation carriers. Our data suggest that physicians might 

inquire about autonomic symptoms in patients with a medical or family history suggestive of 

mitochondrial disease because these symptoms affect quality of life, may be related to 

morbidity, and may respond to treatment. Further studies are needed to characterize the full 

extent of autonomic dysfunction in this population.
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