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system excitation or from simple compensatory mechanisms 
working in an upright position in patients with reduced 
preload.7,8 Although the pathophysiology underlying POTS 
remains only partially understood, several researchers have 
reported that many such patients also have a small left 
ventricle and associated low cardiac output.9–11 Moreover, 
studies have shown downregulation of both the renin-
aldosterone and antidiuretic hormone systems that regu-
late circulatory blood volume.12–14

It is widely recognized that heart rate is a useful prog-
nostic tool for clinical outcomes and a great therapeutic 
target in patients with cardiovascular disease.15,16 A normal 
heart rate response is vital for matching a subject’s cardiac 
output to the metabolic demand of working muscles during 
exertion, and for maintaining the required oxygen supply 
through cerebral blood flow while in an upright position. 
Chronotropic incompetence or intolerance (CI) is broadly 
defined as the inability of the heart rate to increase to a 
degree commensurate with increased activity or demand, 
and is also defined as a restricted heart rate reserve, which 
may occur in some patients during orthostasis. However, 
the importance of acknowledging and understanding the 

C hronic fatigue syndrome (CFS) is characterized by 
severe and disabling fatigue, prolonged postexer-
tional malaise, and unrefreshing sleep.1 Central 

nervous system dysfunction associated with myalgic enceph-
alomyelitis (ME) has been postulated to be the main cause 
of CFS.2 Most patients with ME also experience symptoms 
related to orthostasis, with orthostatic intolerance (OI), 
which restricts their daily functional capacity.3,4 OI is char-
acterized by the inability to stand upright without exhibit-
ing severe signs and symptoms, such as palpitations, 
light-headedness, pallor, fatigue, weakness, dizziness, and 
nausea.3 Patients with aggravated OI may be unable to 
even sit, and thus become bedridden.

Most symptoms of OI are believed to be related to reduc-
tions in cardiovascular and cerebral blood flow, along with 
activation of the sympathetic nervous system.5 Postural 
orthostatic tachycardia syndrome (POTS), orthostatic hypo-
tension, and neurally mediated hypotension have been 
observed during OI in many patients.3,4–7 Of these condi-
tions, POTS is the most common phenomenon associated 
with OI, although it remains unclear whether this results 
from inappropriately exaggerated sympathetic nervous 
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Background: Orthostatic intolerance markedly affects the day-to-day activities of patients with myalgic encephalomyelitis (ME) or 
chronic fatigue syndrome. Chronotropic incompetence (CI), defined as an impaired chronotropic response or reduced increases in 
heart rate during exercise and resulting in lower exercise capacity, may also be observed during orthostasis in patients with ME.

Methods and Results: In this study, the recordings of 101 adult patients with ME (36 men, 65 women; mean [±SD] age 37±12 
years) who underwent conventional active 10-min standing tests at least 3 times to determine the presence of CI were analyzed. 
Recordings were selected for 13 patients who experienced tests both with and without exhibiting postural orthostatic tachycardia 
syndrome (POTS; an increase in heart rate of ≥30 beats/min or an actual heart rate of ≥120 beats/min) while also both successfully 
completing and failing to complete 10-min standing on different occasions. Subjects in whom failure without POTS was observed in 
any test(s) while success was associated with POTS on other occasions were considered positive for CI during orthostasis. Of the 
13 patients, 12 (92%) were CI positive, 5 (38%) of whom exclusively failed the tests without experiencing POTS.

Conclusions: Some patients with ME were CI positive during standing tests, suggesting impaired sympathetic activation. The pres-
ence of POTS appears to be essential for maintaining orthostasis in these patients.
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Methods
Study Population
Recordings of 101 adult patients with ME who underwent 
conventional active 10-min standing tests at least 3 times 
at Miwa Naika Clinic between July 2017 and December 
2020 were analyzed. All patients were able to stand and 
walk, and provided informed consent to undergo conven-
tional active 10-min standing tests for the precise diagnosis 
of OI.

ME had been diagnosed according to the International 
Consensus Criteria.2 Briefly, symptoms related to neuroim-
mune exhaustion, such as marked, rapid physical and/or 
cognitive fatigability in response to exertion, a prolonged 
recovery period, and a low threshold of physical and men-
tal fatigability, were compulsory for the diagnosis of ME. 
In addition, at least 1 symptom from 3 of the 4 symptom 
categories related to neurological impairments (i.e., neuro-
cognitive impairments; pain; sleep disturbance; and neuro-
sensory, perceptual, and motor disturbances) and at least 
1 symptom from 3 of the 5 symptom categories related to 
immune, gastrointestinal, and genitourinary impairments 
(i.e., recurrent or chronic flu-like symptoms; susceptibility 
to viral infections; gastrointestinal tract symptoms; genito-
urinary symptoms; and sensitivities to food, medications, 
odors, or chemicals) were required. In addition at least 1 
symptom of the symptoms related to energy metabolism/
ion transportation impairments (i.e., cardiovascular symp-
toms such as OI, respiratory symptoms, loss of thermo-
static stability, and intolerance of extremes of temperature) 
was required. Patients with significant comorbidities unre-
lated to ME, as well as pregnant or lactating women, were 
excluded.

This study on the conventional active 10-min standing 
test was approved by the Toyama Prefectural Medical 
Association Ethics Committee (Approval no. 2016-010) 
and was performed in accordance with the 1964 Declaration 
of Helsinki and its later amendments.

Active 10-min Standing Test
The conventional active 10-min standing test was per-
formed according to the method described by Miwa.8 
Patients were required to discontinue adrenergic β-receptor 
blocking agents and vasopressors (if consuming) before the 
test, but were not asked to discontinue nutritional supple-
ments or multi-enzyme tablets. After 5 min rest in the 
recumbent position (and another 5 min if needed for stable 
hemodynamics), patients were asked to stand still with 
their feet approximately shoulder-width apart and remain 
standing without changing their foot positioning. If a 
patient was unable to maintain this position for various 
reasons (e.g., palpitation, light-headedness, pallor, fatigue, 
weakness, dizziness, tremulousness, or nausea) during the 
test and abandoned the standing position, this was consid-
ered a failure to complete the 10-min standing test. POTS 
was diagnosed based on an increase in heart rate of 
≥30 beats/min,23 with symptoms of OI. In addition, in the 
present study, an actual heart rate of ≥120 beats/min, indi-
cating accentuated sympathetic activity, with symptoms of 
OI during the test was also considered to occur due to 
POTS.12 Classic or delayed (after >3 min of upright pos-
ture) orthostatic hypotension was diagnosed as a decrease 
in systolic or diastolic blood pressure of ≥20 or ≥10 mmHg, 
respectively,23 and/or actual systolic blood pressure of 
≤90 mmHg during the test. Recordings of the test with 

presence of CI is often overlooked in clinical practice.
Patients with cardiovascular diseases have frequently 

been found to develop CI, promoting exercise intolerance 
that impairs their quality of life and serves as an indepen-
dent predictor of major adverse cardiovascular events and 
mortality.17,18 Several studies have reported CI during exer-
cise in patients with ME/CFS.19–21 In 2000, De Becker et 
al22 evaluated the ability of female patients with CFS to 
exercise using a bicycle ergometer. In that study, that most 
patients were not able to achieve a maximum heart rate of 
at least 85% of the age-related target heart rate and had 
lower exercise capacity.22 In addition, the maximum heart 
rate at exhaustion was lower in female patients with CFS 
than in control subjects.22

It has been difficult to elucidate the role of POTS during 
standing tests in patients with ME given that their condi-
tions and characteristics, including age, sex, body mass 
index, hydration status, leg muscle volume, resting heart 
rate, and blood pressure, all vary greatly. To overcome this 
limitation and elucidate whether POTS is causative of OI 
or not, the present study analyzed the recordings of con-
ventional active 10-min standing tests, which led to the 
identification of a peculiar phenomenon wherein a normal 
heart rate response was associated with test failure but, 
within the same subject, POTS was associated with suc-
cessful test completion on other occasions.

Figure 1.  Flowchart of patient selection. ME, myalgic 
encephalomyelitis; POTS, postural orthostatic tachycardia 
syndrome.
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Table. (A) Results of Conventional Active 10-min Standing Tests With and Without POTS in the 13 Selected Patients With Myalgic 
Encephalomyelitis, (B) Rate of Failure in Completing 10-min Standing Tests With and Without POTS

(A) Patient no. Age/sex
With POTS Without POTS

No. completed No. failed No. completed No. failed (CI)

 1 40/M 5 0 1 2

   Resting → maximum HR  
(standing duration)

79 → 113*   76 → 105 83 → 109 (2’)*　　　
81 → 115* 73 → 100 (8.3’)*

72 → 102*

63 → 104*

76 → 114*

 2 21/F 1 0 5 4

   Resting → maximum HR  
(standing duration)

73 → 110* 67 → 86 64 → 77 (1’)*　
58 → 76 78 → 98 (7’)*　
59 → 83   62 → 89 (7.5’)*

60 → 82 69 → 98 (3’)*　
58 → 85

 3 46/F 1 0 3 2

   Resting → maximum HR  
(standing duration)

71 → 105* 71 → 99   65 → 90 (7.5’)*

62 → 87 67 → 83 (5’)*　
62 → 81

 4 28/F 3 0 2 2

   Resting → maximum HR  
(standing duration)

83 → 116*   73 → 100 68 → 91 (8’)*　
69 → 102* 73 → 99

91 → 121*

 5 32/F 2 0 3 1

   Resting → maximum HR  
(standing duration)

62 → 92*　　 71 → 98 58 → 80 (5’)*　
69 → 104* 66 → 90

63 → 89

 6 33/F 5 1 3 2

   Resting → maximum HR  
(standing duration)

45 → 93*　　 53 → 83 (8’) 40 → 62 42 → 67 (9’)*　
45 → 84*　　 46 → 73   53 → 79 (8.7’)*

64 → 102* 52 → 78

49 → 91*　　
50 → 81*　　

 7 25/F 3 1 1 1

   Resting → maximum HR 
 (standing duration)

65 → 97*　　 79 → 120 (7’)   83 → 107 86 → 108 (6’)*　　　
75 → 108*

92 → 120*

 8 21/F 2 1 1 1

   Resting → maximum HR  
(standing duration)

98 → 121* 101 → 126 (5.2’)   93 → 112   81 → 96 (7.3’)*

78 → 112*

 9 22/M 1 1 1 3

   Resting → maximum HR  
(standing duration)

58 → 92*　　 69 → 106  
(4’, OH)

69 → 90 74 → 102 (6.2’)*

  63 → 88 (8.2’)*

  65 → 92 (8.3’)*

10 27/F 5 3 6 1

   Resting → maximum HR  
(standing duration)

75 → 114* 81 → 118 (6’)　 74 → 93 69 → 88 (3’)*　
96 → 125* 79 → 116 (5’)　   73 → 102

78 → 114* 75 → 107 (5’)　   88 → 114

84 → 114*   78 → 107

80 → 118* 77 → 95

76 → 90

11 23/F 1 3 1 1

   Resting → maximum HR  
(standing duration)

68 → 105*  64 → 96 (8’) 69 → 88 65 → 92 (3’)*　
78 → 117 (5’)　
70 → 100 (5’)　

(Table continued the next page.)
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remaining 61 patients (24 men, 37 women; mean age 40±12 
years) without POTS during all standing tests.

Thirteen patients were finally selected; each of these 
patients showed contradictory test results on different 
occasions in terms of test success and the presence of POTS 
during the test. That is, each patient selected underwent at 
least 1 successful and 1 failed standing test and underwent 
at least 1 test with and 1 test without POTS (Figure 1). 
These 13 patients (2 men, 11 women; mean age 29±8 years) 
were significantly (P<0.01) younger than the other 88 
patients (34 men, 54 women; mean age 38±11 years).

CI
Of the 13 adult patients selected, 5 (38%; Patients 1–5) 
failed exclusively during the standing tests without experi-
encing POTS, 4 (31%; Patients 6–9) had a higher failure 
rate during tests without POTS than during tests with 
POTS, and 3 (23%; Patients 10–12) had a higher failure 
rate during tests with POTS than during tests without 
POTS. Only 1 (8%) patient (Patient 13) failed exclusively 
during any of the tests while experiencing POTS (Table A). 
Thus, CI was positive in 12 (92%) patients (Patients 1–12) 
among the 13 adult patients who had tests both with and 
without POTS and both success and failure in completing 
the 10-min standing test. Summing data for Patients 1–5 
(Table B), the total rate of failure in completing the 10-min 
standing test was significantly higher in tests without than 
with POTS. For Patients 6–9, the total rate of failure did 
not differ significantly between tests with and without 

orthostatic hypotension were excluded from those without 
POTS. Neurally mediated hypotension was diagnosed as 
orthostatic hypotension with a decrease in heart rate of 
≥20 beats/min during the test. Each patient repeated the 
test every 3 months.

CI During the Active 10-min Standing Test
In this study, recordings of 10-min standing tests per-
formed by patients who had tests both with and without 
POTS, as well as both success and failure in completing the 
10-min standing test were selected. When a patient failed 
during the test(s) without POTS but succeeded in the test(s) 
with POTS on other occasion(s), CI during orthostasis was 
considered positive.

Statistical Analysis
Continuous variables (age) are presented as the mean ± SD 
and were compared using Student’s t-tests. Proportional 
data were analyzed using Fisher’s exact test with Yates’ 
correction. Statistical significance was set at P<0.05.

Results
Patient Selection
Of the 101 patients (36 men, 65 women; mean age 37±12 
years) in the study who underwent 10-min standing tests, 
40 (12 men, 28 women; mean age 32±8 years) exhibited 
POTS during at least 1 of the standing tests; these 40 
patients were significantly (P<0.001) younger than the 

(A) Patient no. Age/sex
With POTS Without POTS

No. completed No. failed No. completed No. failed (CI)

12 37/F 2 3 2 1

   Resting → maximum HR  
(standing duration)

61 → 91*　　   66 → 104 (7.2’)   71 → 100   64 → 91 (3.7’)*

62 → 98*　　     61 → 98 (4.5’) 60 → 85

  67 → 100 (3.5’)

13 26/F 0 1 3 0

   Resting → maximum HR  
(standing duration)

68 → 107  
(7.5’, NMH)

77 → 96

59 → 76

63 → 86

(B) Patient no.
Rate of failure** Total rate of failure**

With POTS Without POTS With POTS Without POTS P value

 1     0 (0/5) 67 (2/3)

0 (0/12) 44 (11/25) <0.05

 2     0 (0/1) 44 (4/9)

 3     0 (0/1) 40 (2/5)

 4     0 (0/3) 50 (2/4)

 5     0 (0/2) 25 (1/4)

 6   17 (1/6) 40 (2/5)

31 (5/16)　　 54 (7/13)　　   0.27
 7   25 (1/4) 50 (1/2)

 8   33 (1/3) 50 (1/2)

 9   67 (2/3) 75 (3/4)

10   38 (3/8) 14 (1/7)

56 (10/18) 20 (3/15)　　   0.07
11   75 (3/4) 50 (1/2)

12   60 (3/5) 33 (1/3)

13 100 (1/1)   0 (0/3)

(A) *Values indicate CI. HR is given in beats/min; standing duration is given in minutes. See text for details. (B) Patients 1–5 failed exclusively 
during standing tests without experiencing POTS, Patients 6–9 had a higher failure rate during tests without than with POTS, and Patients 
10–12 had a higher failure rate during tests with than without POTS. **The rate of failure is shown as a percentage, with the number of failures/
number of 10-min standing tests given in parentheses. CI, chronotropic incompetence; HR, heart rate; NMH, neurally mediated hypotension; 
OH, orthostatic hypotension; POTS, postural orthostatic tachycardia syndrome.
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ME. This is similar to the phenomenon of CI observed 
during exercise testing among patients with chronic heart 
failure and ME/CFS.17–19

Possible Mechanisms for OI and Role of the Autonomic 
Nervous System
Patients with OI have been clinically recognized.3 These 
patients predictably develop symptoms of disabling fatigue, 
dizziness, diminished concentration, tremulousness, and 
nausea while standing upright. Simple activities such as eat-
ing, showering, or low-intensity exercise may profoundly 
exacerbate these symptoms. Reduced cerebral blood flow 
with impaired cerebral oxygenation during an upright pos-
ture is considered the major mechanism for OI, although 
compensatory sympathetic activation also seems to play an 

POTS (Table B). However, among Patients 10–13, the 
total rate of failure was higher in tests with than without 
POTS (Table B).

Figure 2 shows the heart rate and blood pressure across 
a 10-min standing test for a patient with CI or reduced 
increases in heart rate during orthostasis. Figure 3 shows 
the heart rate and blood pressure across a 10-min standing 
test for a patient without CI.

Discussion
To the best of the author’s knowledge, this is the first study 
to report that CI or a restricted heart rate reserve during 
orthostasis, suggesting possible impaired sympathetic acti-
vation, causes OI during standing tests in patients with 

Figure 2.  Conventional active 10-min stand-
ing test recordings in a 46-year-old female 
patient (Patient 3) with myalgic encephalo-
myelitis. This patient completed the 10-min 
standing test with postural orthostatic tachy-
cardia syndrome (Upper). However, in a test 
the following year, she failed the test due to 
light-headedness and dyspnea after 7.5 min, 
despite having apparent normal hemody-
namics, thus demonstrating chronotropic 
incompetence (Lower). BP, blood pressure; 
HR, heart rate.

Figure 3.  Conventional active 10-min stand-
ing test recordings in a 27-year-old female 
patient (Patient 10) with myalgic encephalo-
myelitis. The patient completed the 10-min 
standing test under normal hemodynamics 
with fatigue (Upper). However, in a test 6 
months later, she failed to keep standing 
during the test due to dyspnea after 5 min 
with postural orthostatic tachycardia syndrome 
(Lower). BP, blood pressure; HR, heart rate.
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heart rate or postural orthostatic CI remains unexplained. 
Nevertheless, 4 major abnormalities of cardiac neural reg-
ulation may be linked to this mechanism: downregulation 
of β-adrenergic receptors, resulting in adrenergic insensi-
tivity; sympathetic fiber dysfunction, resulting in decreased 
norepinephrine output; diminished sympatho-adrenal-
medullary activation, resulting in a lesser increase in epi-
nephrine; and the relative dominance of vagus inputs 
inhibiting the influence of epinephrine and norepinephrine. 
These abnormalities have been suggested to be associated 
with the CI during exercise in patients with ME/CFS.21

Among patients with chronic heart failure, CI during 
exercise has been associated with β-adrenergic receptor 
downregulation and desensitization in the presence of 
increased circulating catecholamine concentrations.29,30 
Moreover, the reduction in sinus node reserves due to 
significant sinus node remodeling has been suggested to be 
responsible, at least in part, for the CI commonly seen 
during heart failure.31 However, whether these suggested 
mechanisms for CI among patients with heart failure 
could be related to the postural orthostatic CI observed 
during orthostasis among patients with ME remains 
unknown.

Among patients who had ME with OI, the exaggerated 
activation of the sympathetic nervous system while standing 
appeared to cause a switch to impaired sympathetic activa-
tion. This occurs after being loaded with additional accen-
tuated stimuli, such as preload reduction, exaggerated effort 
with sustained exhaustion, and disequilibrium, which has 
been recently proposed as another cause of OI.32,33 The 
therapeutic effects of administering β-adrenergic receptor 
blocking agents34 or the sinus node blocker ivabradine35,36 
on relieving symptoms of OI may differ according to 
patient condition.

Study Limitations
This study has several limitations. First, autonomic ner-
vous functions that may modulate both cerebrovascular 
and cardiac function during upright posture were not eval-
uated. Second, cerebral circulation and oxygenation, impor-
tant indicators of OI, were not measured or estimated. 
Third, the difference between cardiac output at rest and 
that during an upright posture was not investigated. 
Fourth, only 13 patients were selected for analysis from 
101 study patients. CI could be identified using some other 
appropriate methods even in patients without POTS. Fur-
ther investigations are required to identify OI with reduced 
heart rate reserve or CI and to clarify the precise mecha-
nisms responsible for CI during orthostasis found in ME 
patients.

Conclusions
Postural orthostatic CI, comprised of reduced increases in 
heart rate during orthostasis, causes OI among some adult 
patients with ME, similar to the phenomenon reportedly 
observed during exercise.

Acknowledgment
The author thanks Ms. Takako Miwa for her technical help.

Sources of Funding
This research did not receive grant funding from any agencies in the 
public, commercial, or not-for-profit sectors.

important role in the development of aggravated symp-
toms in cases in which it is exaggerated.3

Under normal conditions, the upright posture results in 
a shift of blood from the chest to the lower abdomen and 
legs, which reduces venous return, causing a transient 
decrease in cardiac filling, stroke volume, and arterial pres-
sure.24 Unloading of baroreceptors triggers compensatory 
sympathetic activation, which increases the heart rate and 
leads to systemic vasoconstriction. This compensation results 
in the restoration of venous return and cardiac output. 
These compensatory physiological regulations are consid-
ered to be compromised in OI with POTS, and thus venous 
return remains reduced, upright cardiac output and stroke 
volume are not normalized, and standing heart rate is ele-
vated. Many factors, such as hypovolemia, an excessive 
orthostatic shift in plasma volume, autonomic dysfunc-
tion, increased sympathetic tone, physical deconditioning, 
poor venous return, enhanced blood venous pooling, and 
immunological factors, may contribute to the occurrence 
of OI with POTS.24 Impaired activation of the renin-angio-
tensin-aldosterone and the antidiuretic systems, which 
regulate circulatory blood volume, may also play a role in 
the pathophysiology of OI with POTS in patients with 
ME.12–14

The markedly increased heart rate or POTS observed in 
most adult patients with ME involved in the present study 
seems to be an essential physiologic compensatory response 
to a decrease in stroke volume upon standing, preserving 
cardiac output enough to maintain cerebral circulation. 
The autonomic nervous system plays an important role 
when standing upright to overcome the gravitational effects 
of blood pooling in the lower limbs, causing an imbalance 
in arterial and venous blood pressures. To re-equilibrate 
arterial and venous blood pressures by promoting increased 
venous return, sympathetic activity is required to induce 
vasoconstriction of large veins in the legs.

Several previous studies showed a clear correlation between 
levels of fatigue and muscle sympathetic nerve activity dur-
ing static contraction.25,26 Furthermore, exhaustive incre-
mental exercise provokes a sustained increase in plasma 
norepinephrine concentrations that outlasts postexercise 
termination by several hours.27 In these patients, inappro-
priate sympathetic overactivity at rest may represent a 
neural functional correlation with fatigue26,27 and may fur-
ther be linked to restricted sympathetic reserves, resem-
bling the tachyphylaxis phenomenon.

The feeling of fatigue and exhaustion experienced by 
patients with ME/CFS has been attributed to their diffi-
culty in maintaining an erect posture.28 Symptom severity 
and hierarchy frequently fluctuate or enter “relapsing-
remitting patterns” among patients with ME/CFS, although 
the precise mechanism remains unknown.2 One study 
reported that the hydration status or preload may be 
linked to fluctuations in symptoms.8 Moreover, the condi-
tion of the prevailing sympathetic modulation at rest and 
reduced responsiveness to excitatory stimuli, as shown by 
the failure to develop POTS upon standing in association 
with the failure to maintain standing on some occasions, 
was also seen in some patients with ME.8 Residual sympa-
thetic modulation appeared to be extremely limited on 
such occasions, similar to what was seen in patients in the 
present study.

Possible Mechanisms for CI During Orthostasis
The mechanism behind attenuated fluctuations in standing 
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