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ABSTRACT 

Recently there has been increased interest in chronic 

fatigue syndrome (CFS), a syndrome of nonspecific symptoms 

and unknown etiology. The relationship between 

cardiovascular reflex function, fatigue, and depression in 

CFS was examined. Findings were as follows: First, there 

was no evidence of abnormal cardiovascular reflex function 

in the CFS group. Second, the CFS group had significantly 

higher systolic and diastolic blood pressure than the 

control group. Third, the CFS group scored higher on 

psychological measures of depression, fatigue, and confusion 

than the control group; the control group scored higher on a 

measure of vigor than the CFS group. Finally, the CFS group 

reported more CFS-related symptoms, but some members of the 

control group did endorse symptoms on a CFS symptom 

checklist. The possibility that increased peripheral 

resistance accounts for the elevated blood pressure in the 

CFS group, and the merits of exploring the role of 

interleukin-l and other hormones or "hormone-like" 

substances in the etiology or maintenance of CFS 

symptomatology are discussed. 



CHAPTER 1 

INTRODUCTION 

Recently there has been increased interest in chronic 

fatigue syndrome (CFS), a syndrome of nonspecific symptoms 

and unknown etiology. The purpose of this dissertation was 

to examine the relationship between cardiovascular reflex 

function, fatigue, and depression in persons with CFS. 

8 

In 1988 a working case definition of CFS was published 

by the Centers for Disease Control. Chapter 2 discusses the 

difficulties associated with diagnosis of CFS including the 

problems of relying on symptoms to make a diagnosis, the 

lack of specificity of the diagnostic criteria, and the 

limitations of making a diagnosis based on exclusion. 

Chapter 3 reviews studies of cardiac function and 

muscle metabolism and physiology relevant to CFS. Chapter 4 

discusses the rationale for testing cardiovascular reflexes, 

one aspect of autonomic control of the heart, in individuals 

with CFS. Chapter 5 reviews literature related to 

cardiovascular reflex measurement and describes the five 

noninvasive cardiovascular reflex tests used in this study. 

Chapters 6 and 7 present the empirical questions addressed 

in the study and the method employed, respectively. Chapter 

8 presents study results, and Chapters 9 and 10 discuss the 

results, their implications, and directions for further 

research. 



CHAPTER 2 

CFS: A DIAGNOSTIC DILEMMA 

In 1988 a working case definition of CFS was published 

by the Centers for Disease Control (CDC) (Holmes et al., 

1988). CFS is a syndrome of nonspecific symptoms such as 

severe fatigue, weakness, malaise, sUbjective fever, sore 

throat, painful lymph nodes, difficulties in memory and 

concentration, and depression. This chapter discusses the 

difficulties associated with diagnosis of CFS. 

9 

The syndrome has had various names: chronic 

mononucleosis, post viral fatigue syndrome, benign myalgic 

encephalomyelitis, neuromyasthenia, and a number of others 

(see Holmes, 1989). The popular press dubbed it the "Yuppie 

flu." CFS was once thought to be due to a chronic Epstein

Barr virus (EBV) infection (Jones, Ray, Minnich, Hicks, 

Kibler, & Lucas, 1985). Though numerous studies have 

attempted to confirm the link between CFS and EBV, the virus 

that causes infectious mononucleosis, neither EBV nor a 

number of other viruses appear to be the single cause of 

CFS. 

The etiology of CFS symptoms remains an enigma. 

Pathophysiological explanations of CFS employing viral 

agents, immunologic abnormalities, and psychiatric diseases 

have all been proposed (Holmes, 1989). There has also been 

speculation that the syndrome may not have a single 
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etiology, but rather that it represents a more general 

response to a variety of psychological or physical irritants 

(straus, 1988). 

The Case Definition of CFS 

Diagnosis of CFS requires meeting two major criteria: 

The first is that the patient must have persistent or 

relapsing fatigue or easy fatigability that does not resolve 

with bed rest and is severe enough to reduce daily activity 

below 50% of the patient's premorbid activity level for at 

least 6 months. The second is that other chronic 

conditions, including preexisting psychiatric illness, must 

be satisfactorily excluded (Holmes et al., 1988). 

In addition to the 2 major criteria, there are minor 

criteria for CFS diagnosis. Either 8 symptom criteria, or 6 

symptom criteria with 2 physical criteria must be met. 

Symptom criteria require that the symptom must have begun at 

or after the time of onset of increased fatiguability, and 

must have persisted or recurred over a period of 6 months. 

The symptom criteria are listed in Table 1. Physical 

criteria, listed in Table 2, must be documented on at least 

two occasions, at least one month apart. 

The case definition must be recognized as the 

operationalization of a syndrome that may have several 

different causes. Since a diagnostic test for CFS is not 

currently available, the definition is necessarily based on 
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TABLE 1 

MINOR SYMPTOM CRITERIA FOR CFS DIAGNOSIS 

1. Mild fever. 

2. Sore throat. 

3. Painful lymph nodes in the anterior or posterior 

cervical or axillary distribution. 

4. Unexplained generalized muscle weakness. 

5. Muscle discomfort or myalgia. 

6. Prolonged (24 hours or more) generalized fatigue after 

levels of exercise that would have been easily 

tolerated in the patient's premorbid state. 

7. Generalized headaches. 

8. Migratory arthralgia without joint swelling or redness. 

9. Neuropsychological complaints: photophobia, transient 

visual scotomata, forgetfulness, excessive 

irritability, confusion, difficulty thinking, inability 

to concentrate, depression. 

10. Sleep disturbance. 

11. Description of main symptom complex as initially 

developing over a few hours to a few days. 
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TABLE 2 

MINOR PHYSICAL CRITERIA FOR CFS DIAGNOSIS 

1. Low grade fever (oral temperature between 37.6 and 38.6 

degrees C). 

2. Nonexudative pharyngitis. 

3. Palpable or tender anterior or posterior cervical or 

axillary lymph nodes. 



signs and symptoms, and other illnesses with similar signs 

and symptoms for which diagnostic tests are available must 

be ruled out. Several difficulties associated with 

diagnosis of CFS are the reliance on symptoms to make a 

diagnosis, the lack of specificity of the diagnostic 

criteria, and the limitations of making a diagnosis of 

exclusion. Each of these will be examined in turn. 

The Problem of Symptom-Based Diagnosis 

13 

A syndrome is a collection of signs and symptoms that 

occur together and characterize an illness. Signs are 

objective abnormalities indicative of illness. Symptoms are 

sUbjective indicators of disease. For example, an 

individual with the sign of throat inflammation may report 

the symptom of a sore throat. A brief review of the 

requirements for CFS diagnosis according to the case 

definition reveals that the syndrome can be diagnosed 

without any objective evidence of illness. Individuals who 

report the symptom of fatigue and meet 8 of the symptom 

criteria listed in Table 1 can be diagnosed with CFS if 

there is no other apparent explanation for their symptoms. 

This lack of specific laboratory abnormalities and 

objective signs of illness may lead some to conclude that 

there is nothing physically wrong with persons with CFS. 

This is not to negate the sUbjective experience of illness. 

After all, being sick would not be such an aversive 
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experience if one did not feel bad! However, the lack of 

objective findings may promote skepticism about the severity 

or presence of a patient's illness, particularly for 

diagnosticians who are uncomfortable relying solely on 

patients' self-reports. Thus, many CFS patients have had to 

cope not only with a debilitating illness, but also with the 

knowledge that the validity of their illness is questioned. 

Lack of specificity of Diagnostic criteria: 

The Example of Fatigue 

Regardless of whether CFS is diagnosed based on 

subjective report alone or sUbjective report in addition to 

physical findings (low grade fever, throat inflammation, and 

lymphadenopathy), it is readily apparent that these signs 

and symptoms are not specific to CFS. They may be 

indicators of a number of different illnesses. The symptom 

of fatigue, a major criterion for CFS diagnosis, is a 

particularly notable example of a nonspecific symptom and 

will be discussed for illustrative purposes. 

Fatigue is hardly a feature that distinguishes CFS from 

other syndromes. As Holmes (1989, p. 175) points out, 

"Fatigue, or easy fatigability is one of the most common 

complaints encountered in medical practice, and is 

associated with countless acute, subacute, and chronic 

illnesses." Fatigue is also associated with physical 

inactivity (Chen, 1986; Valdini, Steinhardt, & Jaffe, 1987), 
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as well as psychological variables such as depression, 

anxiety, and stress (Chen, 1986). Additionally, fatigue is 

a frequent symptom in psychiatric illness (Holmes, 1989). 

The Operational Definition of Fatigue 

The fatigue associated with CFS is more than the 

everyday fatigue reported by a hard working individual at 

the end of a long day. Jones and straus (1987) reported 

that fatigue in CFS may be so severe that patients are 

bedridden for days or weeks at a time. For purposes of the 

case definition of CFS, fatigue is operationally defined in 

terms of activity level. Fatigue associated with the 

syndrome, by definition, does not resolve with bed rest and 

is severe enough to reduce daily activity below half of the 

patient's premorbid activity level for at least 6 months. 

The attempt to objectively describe fatigue, a 

subjective experience, in terms of activity level is 

problematic. First, since activity level assessment is 

retrospective it may not be accurate. Second, there is 

nothing magical about a 50 percent reduction as opposed to 

say a 45 percent reduction in activity. Third, changes in 

activity mayor may not be associated with fatigue. Other 

CFS symptoms, for example muscle pain and weakness, may 

alter activity level significantly. Additionally, some 

individuals may maintain over half of their previous 

activities by sheer force of will despite feeling terribly 
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fatigued. Thus, attempts to assess fatigue objectively may 

minimize the importance of the sUbjective experience of 

fatigue. Finally, activity level considered in conjunction 

with changes in activity composition may provide further 

insight into the illness than examination of activity level 

alone. For example, in their struggle to continue working 

and supporting themselves some CFS patients will cut out all 

"nonessential" tasks such as social and recreational 

activities, substantially altering the quality of their 

lives as a consequence of their illness. 

Treatment of Patient complaints of Fatigue 

There is some evidence suggesting that patients with a 

chief complaint of fatigue may not fare well in their 

interactions with physicians. In a retrospective review of 

the medical records of 176 patients presenting with fatigue, 

Morrison (1980) found that in over half of the cases there 

was no documented follow-up with the patient despite the 

fact that in 92 percent of the cases other diagnoses 

associated with fatigue were found. There are a number of 

plausible explanations for these results. First of all, it 

is possible that patients did receive follow-up care which 

was not documented in their medical records. Alternatively, 

since the patients with a diagnosis of fatigue were not 

compared with any other patient population, follow-up care 

of out patients in general may be poor. There is also the 
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possibility that complaints of fatigue are not considered to 

be serious given the prevalence and lack of specificity of 

the symptom. 

Since many disorders may be accompanied with fatigue, 

the cause of a patient's fatigue is of concern. In the 

patient who is found to have an under-active thyroid, the 

cause of fatigue is assumed to be hypothyroidism. However, 

in a patient with no laboratory test abnormalities and no 

objective indicators of illness, persistent complaints of 

fatigue may be treated as a symptom of an underlying 

psychological problem. For example, in one study physicians 

reviewed the charts of patients who had a chief complaint of 

fatigue and categorized the fatigue "as either physical or 

psychological in origin" (Nelson et al., 1987, p. 178). In 

such instances one wonders if fatigue is deemed to be of 

psychological origin by default--only when a physical cause 

cannot be found. 

In the case of the previously-mentioned individual with 

thyroid problems, severe depression would be viewed as a 

symptom of the hypothyroidism. However, unexplained fatigue 

when accompanied by reports of depression or other somatic 

complaints may lead to a diagnosis of a psychiatric disorder 

as the following study of fatigue clinic patients 

illustrates (Manu, Matthews, & Lane, 1988). Based on 

responses to the Diagnostic Interview Schedule (DIS), 66 of 
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100 patients in this study were found to have one or more 

psychiatric disorders (mood disorder-47, somatization 

disorder-15, anxiety disorder-9). Fatigue was attributed to 

depression (Manu et al., 1989) if two of the following three 

criteria were met: fatigue occurred with other affective, 

cognitive, or somatic symptoms of depression; fatigue and 

depressive episodes were temporally related; and no other 

explanation of fatigue was identified. 

While it is possible that individuals with fatigue may 

be depressed or have other psychiatric illnesses, there are 

difficulties associated with attribution of fatigue to 

psychiatric disorders. First, an association between 

variables, in this case fatigue and depression, does not 

imply a causal relationship. The association between these 

variables may be attributable to one or more other factors 

that have yet to be determined. This is of utmost 

importance since the etiology and "pathophysiology" of both 

fatigue and depression are not fully understood. 

Attempts to elucidate the relationship of fatigue to 

other psychological variables and to physical illnesses must 

also take into account that the current use of the word 

"fatigue" is not precise. There are different types of 

fatigue. For example, the fatigue following exertion during 

exercise differs from a sense of "emotional fatigue" 

following a traumatic event. Additionally, each type of 
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fatigue may warrant examination on a number of levels. 

Exertional fatigue in a weekend athlete might be examined on 

a range of levels from that of the biochemical reactions 

associated with intracellular metabolism to the emotional 

and cognitive experiences of the organism. 

summary 

Fatigue is not the only symptom that lacks specificity 

to CFS as a brief review of Tables 1 and 2 illustrates. 

Each symptom and sign may indicate a number of disorders. 

Jones (1988) argues that while the symptoms found in CFS can 

be seen in virtually any illness, both the pattern and 

persistence of these symptoms seems unique in CFS. This 

hypothesis remains to be systematically examined. 

Diagnosis by Exclusion 

Given the absence of objective findings and lack of 

specificity of symptoms in CFS, diagnosis of the syndrome 

requires ruling out other illnesses that have "CFS symptoms" 

(see Holmes et al., 1988). These illnesses are listed in 

Table 3. 

Although the case definition does not require any 

particular evaluation procedure for making a diagnosis of 

CFS, the evaluation recommended for use in making the 

diagnosis is listed in Table 4. Several points merit 

mention in relation to these recommendations. First, 



TABLE 3 

CLINICAL CONDITIONS TO BE EXCLUDED IN CFS DIAGNOSIS 

malignancy 

autoimmune disease 

localized infection 

chronic or subacute bacterial disease 

fungal disease 

HIV infection 

chronic psychiatric disease 

chronic inflammatory disease 

neuromuscular disease 

endocrine disease 

drug dependency or abuse 

side effects of chronic medication 

toxicity from an environmental agent 

20 

chronic pulmonary, cardiac, gastrointestinal, hepatic, 

renal, or hematologic disease 



TABLE 4 

RECOMMENDED EVALUATION FOR CFS DIAGNOSIS 

serial weight measurements 

serial morning and afternoon temperature measurements 

complete blood count and differential 

serum electrolytes 

glucose 

creatinine 

blood urea nitrogen 

calcium 

phosphorus 

total bilirubin 

alkaline phosphatase 

serum aspartate aminotransferase 

serum alanine aminotransferase 

creatine phosphokinase or aldolase 

urinalysis 

posteroanterior and lateral chest roentgenograms 

detailed personal and family history 

erythrocyte sedimentation rate 

antinuclear antibody 

thyroid-stimulating hormone level 

HIV antibody measurement 

intermediate-strength purified protein derivative 

(PPD) skin test with controls 

21 
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according to the case definition, abnormal findings on any 

of these tests should prompt the physician to "search for 

other conditions that may cause such a result" (p.388). 

Second, the tests listed in Table 4 alone are not sufficient 

to exclude all the illnesses (see Table 3) that could 

produce the symptoms of CFS. For example, detection of 

certain fungal diseases requires special serology which is 

not explicitly recommended in the case definition. 

Limitations of the Diagnostic Procedure 

Diagnosis by exclusion has some important limitations. 

First, no matter how thorough the examination or extensive 

the battery of diagnostic tests, another illness may be 

missed. In one CFS-related study, 5 of 31 patients were 

excluded because they were found to have other diseases 

(Straus et al., 1985). Misdiagnosis of another illness as 

CFS is particularly unsavory in cases where the "real 

illness" is readily treatable. 

Second, it is possible that in an effort to rule out 

all other possible causes of what appears to be CFS, the 

diagnostician may be tempted to perform tests that a patient 

does not really need. When a patient has no specific signs 

or symptoms suggesting that the particular test is 

warranted, should the test be performed? Assessment of the 

utility of a particular test for a particular patient in CFS 

diagnosis is not straight forward. Thus, the potential 



benefits, associated risks, and the costs of diagnostic 

procedures become important variables in the diagnostic 

process. 
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Finally, a diagnosis based on exclusion without 

associated objective findings is, at best, tentative. By 

the time the diagnosis of CFS is made, patients have often 

seen multiple physicians and submitted to numerous tests. 

The end result is that patients have a pretty good idea of 

many illnesses they probably do not have, but no proof that 

they do indeed have CFS. 

Exclusion of Psychiatric Illness 

As can be seen in Table 3, one requirement for CFS 

diagnosis is that psychiatric illnesses be ruled out. 

There has been a great deal of debate focusing on the nature 

of the relationship between psychiatric illnesses and CFS. 

As straus (1989, p. 186) notes, there is "intense resistance 

by some to any suggestion that psychological factors 

contribute to this illness and the all-too ready dismissal 

of the syndrome by others, who consider it simply to be an 

emotional problem." This state of affairs is further 

complicated by the fact that neuropsychological complaints 

that begin with or after the fatigue may be used as a 

symptom for diagnosis of CFS, while those same complaints 

prior to fatigue development are grounds for exclusion 

(Holmes et al., 1988). 
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There has been some research examining the relationship 

between psychological variables and CFS. In a retrospective 

study of the prevalence of psychiatric disorders in patients 

diagnosed according to the case definition of CFS, Kruesi, 

Dale, and straus (1989) found that 75 percent (21 of 28) of 

study subjects had a psychiatric history based on responses 

to the DIS. This study also examined the temporal 

relationship between the development of psychiatric 

disorders and CFS in the 21 patients with a psychiatric 

history. In 10 subjects the psychiatric condition preceded 

CFS; in 2 the CFS preceded the psychiatric condition by a 

year or more; in 6 CFS and the psychiatric condition began 

in the same year; and in 3 the temporal relationship between 

CFS and the psychiatric condition could not be determined. 

The authors concluded that the prevalence of 

psychiatric disorder in their sample of CFS subjects was 

high in comparison to the prevalence of psychiatric disorder 

in the general population and in medically ill patients 

interviewed with the DIS. The latter conclusion may be 

questioned given that the CFS subjects were not directly 

compared to a sample of medically ill patients. The authors 

did compare their results to those of a study assessing the 

prevalence of psychiatric disorders in diabetics (Lustman et 

al., 1986). Based on the inter-study comparison, CFS 

subjects appeared to have a higher prevalence of psychiatric 
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disorders than diabetics. For example, the prevalence of 

major depressive disorder for CFS subjects (46.4%) was 

higher than that for the diabetics (32.5%). However, since 

these studies were conducted separately, they cannot be 

directly compared. Moreover, diabetes and CFS may not be 

"equivalent illnesses." Diabetes has a known cause while 

CFS does not; there are effective treatments for diabetes 

and not for CFS; and diabetes is viewed as a medically 

legitimate diagnosis and is rarely attributed to 

psychological causes. Future comparisons of CFS patients to 

other patient populations would benefit from taking factors 

such as these into account. 

Taerk, Toner, Salit, Garfinkel, and ozersky (1987) also 

reported a higher frequency of affective disorder in 

subjects with CFS1 based on the DIS. Seventeen of the 24 

CFS subjects versus 9 of the 24 control subjects had 

affective disorders. Additionally, 67 percent of the CFS 

subjects versus 17 percent of the controls were mildly to 

severely depressed based on Beck Depression Inventory (BDI) 

scores, (BDI > 9). It must be noted that CFS subjects in 

this study did not meet the case definition for CFS. 

lpatients in this study were diagnosed with neuromyasthenia 
(benign myalgic encephalomyelitis), an illness incorporated 
into the case definition for CFS (see Holmes, 1989). 
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criteria for inclusion in the study were sUbjective weakness 

or exhaustion that lasted at least 3 months following an 

apparent acute infective episode, and absence of physical 

findings. 

sixteen of the cps subjects in this study were also 

given the dexamethasone suppression test (DST), and 15 of 

the 16 CFS subjects responded normally. One abnormal 

response (nonsuppression) out of 16 could easily be due to a 

false positive result since 4 percent of normal individuals 

have a positive DST result (Carroll et al., 1981). Patients 

with fibrocytis, an illness that may be related to CFS 

(Holmes, 1989), have also been found to respond normally to 

the DST (Hudson, Pliner, Hudson, Goldenberg, & Melby, 1984). 

The lack of DST findings in these populations may be 

interpreted in a number of ways. First, it might be argued 

that patients in these studies did not have real depression 

since the rate of nonsuppression, the number of abnormal 

responses, would have been higher had these been composed of 

depressed individuals. However, nonsuppression in the DST 

is a less than perfect marker for depression since only a 

subset of individuals with depression are nonsuppressors 

(e.g., 43-67%, Hudson et al., 1984). It is equally 

plausible that the "depression" associated with CFS and 

fibrocytis is simply not related to nocturnal hypersecretion 

of cortisol. Finally, there are medical exclusion criteria 
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associated with the DST (see Carroll et al., 1981). For 

example, corticosteroid or benzodiazepine therapy may cause 

false-negative tests. Thus, it is also possible that DST 

findings in these patient populations may reflect use of the 

test in situations where the test's results cannot be 

considered conclusive. 

Based on their study, Kruesi et al. (p. 55) concluded 

that "psychiatric factors contribute to the pathogenesis of 

the chronic fatigue syndrome." Once again, a correlation 

between variables does not imply that one causes the other. 

Additionally, in studies that involve retrospective 

assessment of lifetime prevalence of psychiatric disorders 

such as this one, it is possible that individuals who are 

currently ill or depressed might be more likely to recall 

past episodes of depression than those who are healthy 

(Bower, 1981). Finally, another look at the results of this 

study suggests that about the same number of subjects in the 

study did and did not have preexisting psychiatric 

histories. While 35.7 percent (10 of 28) of the subjects 

were reported to have had a psychiatric condition prior to 

CFS development, 32.14 percent (9 of 28: 7 without any 

psychiatric history and 2 who developed CFS prior to 

psychiatric disorder) did not have a history of psychiatric 

disorder that preceded the development of CFS. 
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Currently there is not sufficient evidence indicating 

that psychiatric disorders are predisposing factors for CFS, 

and prospective studies assessing the contribution of 

premorbid patient characteristics or other predisposing 

factors have yet to be conducted. On the other hand, there 

is little question that there are psychological correlates 

of CFS. They are, after all, incorporated into the case 

definition. However, the nature of the relationships 

remains to be elucidated. 

Part of the problem in the discussion of the 

relationship between depression and CFS is that depression 

is both a symptom and a diagnosis. Neuropsychological 

complaints, of which depression is one, are a minor criteria 

for diagnosis of CFS (see Table I). As such, depression may 

be seen as a symptom of CFS. On the other hand, complaints 

of "depression" may be taken as a sign of a mood disorder. 

Other neuropsychological complaints (e.g., forgetfulness, 

excessive irritability, confusion, difficulty thinking, and 

inability to concentrate) may also be taken as further 

evidence of a mood disorder despite the fact that they too 

are defined as symptoms of CFS. 

Some may argue that CFS is a mood disorder associated 

with numerous somatic complaints. Such complaints are often 

associated with depression (Wilson, Widmer, Cadoret, & 

Judiesh, 1983). However, the somatic complaints associated 
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with major depression may not necessarily be those 

associated with CFS though this hypothesis remains to be 

tested. Also, since there are a number of patients with CPS 

who do not have "psychiatric disorders" (e.g., Kruesi et 

al., 1989; Taerk et al., 1987) and since neuropsychological 

complaints are not required for CPS diagnosis, it does not 

seem likely that CPS is equivalent to "depression." Of 

course, one could argue that CPS patients who report the 

symptom of depression have a mood disorder, and that those 

without the symptom have something else since CPS could be 

more than a single disorder. 

Unfortunately, at this point in time, there is no 

objective means to make a differential diagnosis between a 

mood disorder and CPS since, by definition, there is no 

specific known etiology for mood disorders (see DSM-III-R, 

1987). However, if CFS is a type of depression patients 

might benefit from anti-depressant therapy. There have been 

anecdotal reports of "improvement" (as in Cherfas, 1990, p. 

1240) in CPS patients treated with anti-depressants. 

Nevertheless, placebo-controlled double-blind studies are 

required to establish the efficacy of this treatment for 

CPS. 

Depression might also be viewed as an understandable 

reaction to a chronic illness. In this case, one would 

expect the cause, the illness, to precede the effect, 
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depression. Additionally, it might be expected that the 

prevalence and severity of the depression might be similar 

to the depression following comparable chronic illnesses. 

Finally, study of the role of depression in illness, 

particularly of the associated physiologic mechanisms, may 

shed light on the nature of the relationship between 

depression and the illness of CFS. 

Depression may also be one symptom of the larger 

symptom complex of CFS. A number of types of illnesses are 

accompanied by depression. Among these are endocrine 

disorders such as hypothyroidism and illnesses such as 

Parkinson's Disease that involve the central nervous system. 

Thus, it is entirely possible that the neuropsychological 

complaints associated with CFS are directly due to the 

pathophysiology of the syndrome. If this were the case, the 

temporal relationship between development of the symptom of 

depression and the remaining CFS symptom complex would 

depend on the associated pathophysiology. 

Summary 

Current conclusions that psychiatric disorders cause 

CFS are stronger than warranted by the findings used to 

support them. Sontag (1988, p. 55) has commented that 

Theories that diseases are caused by mental states and 
can be cured by will power are always an index of how 
much is not understood about the physical terrain of a 
disease. 
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The nature of the relationship between CFS and psychological 

variables remains to be elucidated, and the physical terrain 

of CFS requires further exploration. 

Further Limitations of the Case Definition 

There are other problems associated with the case 

definition for CFS. First, development of the case 

definition was based on consensus, not data. Additionally, 

some have argued that the diagnostic criteria for CFS are 

too narrow. However, according to Holmes et ale (1988, p. 

388) the "definition is intentionally restrictive, to 

maximize the chances that research studies will detect 

significant associations if such associations truly exist." 

While the intent of narrowly defining CFS is appreciated, 

the possibility that an "atypical presentation" of CFS might 

lead to a breakthrough in our understanding of the illness 

should not be ignored. 

On the other hand, given the number potential variables 

for study in CFS, selecting study subjects who meet the case 

definition limits one source of variance. This, in turn, 

may facilitate interpretation of research findings since 

samples of CFS patients will be more homogeneous. Two 

recent studies of the efficacy of high-dose intravenous 

immunoglobulin "in CFS" with opposite outcomes serve as an 

illustration of this point (see straus, 1990). The studies 

used different sample sizes, treatment doses, and subject 
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would have been aided had both studies used the case 

definition for subject selection. 
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However, even in studies where subjects are selected to 

meet the case definition of CFS, there may be differences in 

subject selection due to differences in interpretation of 

the diagnostic criteria. For example, Manu, Lane, and 

Matthews (1988) found that only 6 of 135 patients with 

debilitating fatigue that had lasted for 6 or more months 

met the criteria for diagnosis of CFS. According to the 

authors, 91 (67%) patients had psychiatric disorders "that 

were clinically active and felt to be a major cause of these 

patients' fatigue" (p. 555). The authors' choice of the 

word "felt" demonstrates the difficulty in distinguishing 

between CFS and psychiatric disorders without objective 

criteria. other researchers may have attributed the 

"psychiatric disorders" to CFS. Thus, even in studies in 

which subjects meet the case definition for CFS, subjects in 

different studies could be substantially different from each 

other. 

Summary 

The purpose of this chapter has been to discuss the 

limitations of and difficulties associated with diagnosis of 

CFS. Though the present case definition reflects a very 

limited understanding of the syndrome, it has, nevertheless, 
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served to promote discussion and facilitate research related 

to CFS. As the search for the explanation of the symptoms 

of the syndrome continues, the case definition will 

certainly require modification. Moreover, considering the 

recent increase in interest in what once was "Scoffed at as 

'Yuppie Flu'" and the possible identification of immune 

markers of the illness (Winslow, 1990, p. B4), this date may 

not be far away. 
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In the continuing search for a physiologic basis for 

CFS symptoms, investigators have examined cardiac, muscle, 

and immune function. Studies of cardiac function and muscle 

metabolism and physiology relevant to CFS are discussed in 

this section. Investigations of immune function in CFS have 

been reviewed elsewhere (see Holmes, 1989). 

Cardiac Function 

To date, evidence suggests that individuals with CFS 

have normal resting cardiac function (e.g., Montague, 

Marrie, Klassen, Bewick, & Horacek, 1989). However, two 

studies have reported diminished exercise tolerance in 

persons with CFS. 

Stokes, Cooper, and Edwards (1988) asked subjects to 

ride a cycle ergometer "to exhaustion" (p.1014) during a 

progressive resistance test. The patients who participated 

had a history of general and muscular fatigue from one to 19 

years and no objective evidence of disease. All of the 

controls (N=8) and 13 (N=15) of the patients attained the 

maximum HR predicted for their age [210-(age x 0.65)]. The 

contractile properties of patients' skeletal muscle and the 

recovery of their muscle after activity were normal. Stokes 

et al. concluded that their study "findings clearly point to 

lack of central drive or motivation" (p. 1016). 
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Montague et al. (1989) compared cardiac function during 

graded supine exercise on a bicycle ergometer of 41 patients 

to that of age and sex matched controls with sedentary 

lifestyles. The patients in this study had clinically 

significant fatigue that had persisted for more than two 

months following a presumed acute viral illness, no previous 

history of cardiac difficulty, and no other obvious cause of 

fatigue. Significantly fewer patients could achieve target 

(85 percent of their age maximum determined by 195 minus 

age) heart rates than controls. Patients also had 

significantly abbreviated exercise capacity and exercised an 

average of 9 minutes (SD=4) while the control group 

exercised an average of 12 minutes (SD=4). In addition, 

patients had a significantly slower acceleration of exercise 

heart rate and higher resting average systemic blood 

pressure than the control subjects (CPS patients=92 mm Hg, 

controls=87 mm Hg). 

While physically unfit persons do have abbreviated 

exercise capacity when compared to age matched controls, the 

study findings were not thought to be solely attributable to 

lower levels of fitness in the patients since unfit 

individuals typically have rapidly rising heart rates during 

exercise. The patients' heart rates failed to accelerate at 

the rate and to the extent expected in persons who simply 

are out of shape. The authors concluded that their findings 
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suggested either an exercise-related cardiac pacemaker 

function defect or a defect in sympathetic drive to 

pacemaker cells during exercise, as well as a dysfunction in 

working skeletal muscle. Montague et ale felt that subjects 

in their study were sufficiently motivated, particularly the 

patients since they had "many months or years of frustration 

in dealing with a subjectively disabling illness with no 

definite cause or therapy" (p.782). 

There are several points that merit mention in 

discussion of these two studies of cardiac function during 

exercise. First, neither study was performed on individuals 

diagnosed with CFS according to the CDC diagnostic criteria. 

Second, while both studies employed cycle ergometry, it is 

not clear that similar protocols were used. For example, 

Stokes et ale (1988) never mentioned whether subjects were 

supine or upright while testing. Third, the authors of the 

studies had different conclusions about the level of 

motivation in the patients tested in their studies. 

Unfortunately, there is no effective way to assess 

motivation. It is possible that the patients in these 

studies might have had reason to avoid strenuous exercise-

particularly if they, as many individuals with CFS (see 

Table 1), experienced prolonged generalized fatigue after 

exercise. On the other hand, one cannot say with certainty 

that the patients in either study were less "motivated" than 
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the controls. Differences in interpretation such as these 

cannot be resolved when conclusions depend on assessing the 

motivation behind the performance of a voluntary activity. 

Muscle Metabolism and Physiology 

Skeletal muscle metabolism has also been examined in 

individuals with post-viral fatigue. There have been 

reports of abnormally elevated acidification during exercise 

in a total of six patients (Arnold, Bore, Radda, Styles, & 

Taylor, 1984; Yonge, 1988). Skeletal muscle biopsies in 

three post-viral fatigue patients revealed type II muscle 

fiber atrophy (Arnold et al., 1984; Byrne, Trounce, & 

Dennett, 1985). Thus, there is some evidence of nonspecific 

alterations in muscle associated with post-viral syndrome. 

Based on a study of 5 women with post-viral fatigue, it has 

also been suggested that the syndrome may be associated with 

reduced skeletal muscle protein synthesis (Pacy, Read, 

Peters, & Halliday, 1988). 

Single fiber electromyography has also been employed to 

examine skeletal muscle function in post-viral fatigue. 

Jamal and Hansen (1985) studied 40 patients and reported 

that 75% showed evidence of an abnormality in the peripheral 

part of the motor unit. This study and the studies cited 

above have yet to be replicated. Additionally, studies of 

muscle metabolism and physiology have yet to be conducted in 

individuals diagnosed with CFS. 
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CHAPTER 4 

RATIONALE FOR CARDIOVASCULAR REFLEX TESTING 

Montague et al.'s (1989) suggestion of the possibility 

of disrupted autonomic control of the heart in their study 

is intriguing for several reasons. First, autonomic 

control, by definition, is not voluntary. Second, since 

autonomic activity accompanies all voluntary and involuntary 

body actions, autonomic disorders can disrupt functions in a 

number of systems. While CFS patients show few of the signs 

and symptoms of what has been classically termed as 

autonomic nervous system (ANS) dysfunction (Gudesblatt, 

Goodman, Rubenstein, Bender, & Choi, 1985; Ewing & Clarke, 

1986; McLeod & Tuck, 1987a), symptoms of ANS dysfunction can 

be insidious. Additionally, CFS patients have reported 

symptoms that could be associated with ANS disturbance or 

heart problems. Among these are irregular heart beat, 

shortness of breath, weakness, dizziness, light-headedness, 

and fainting (What is CFIDS?, 1989). Finally, since simple 

noninvasive cardiovascular reflex tests are available, 

examination of cardiovascular reflex function, one aspect of 

autonomic control of the heart, is both safe and feasible. 
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CHAPTER 5 

MEASURING CARDIOVASCULAR REFLEX FUNCTION 

Signs and symptoms of autonomic dysfunction and 

neuropathy usually involve a combination of sympathetic and 

parasympathetic dysfunction (Appenzeller, Arnason, & Adams, 

1965). The initial descriptions of autonomic neuropathy (in 

diabetes mellitus) were provided by Jordan in 1936 and 

Rundles in 1945. During the 1950s and 1960s a variety of 

complex invasive methods to detect autonomic dysfunction 

were developed; in the 1970s simple non-invasive 

cardiovascular reflex tests became available (Ewing & 

Clarke, 1986). 

Currently there are five simple non-invasive 

cardiovascular reflex tests which can be used to access 

autonomic neuropathy (Hilsted, 1984; Ewing & Clarke, 1986): 

blood pressure (BP) responses to standing up and sustained 

handgrip, and heart rate (HR) responses to the Valsalva 

maneuver, standing up, and deep breathing. These tests, 

described below, have been categorized as sympathetic when 

control of BP, and parasympathetic when control of HR, is 

involved (Ewing, 1983; Watkins & Edmonds 1983; Hilsted, 

1984). However, since cardiovascular reflex pathways 

contain both sympathetic and parasympathetic fibers, this 

conceptualization is not physiologically accurate (Ewing & 

Clarke, 1986). 
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BP Response to Standing 

When a person stands, pooling of the blood in the legs 

causes BP to fall; this is rapidly corrected by a reflexive 

peripheral vasoconstriction (Ewing & Clarke, 1986). In a 

normal subject the systolic BP falls less than 10 or 15 mm 

Hg (Currens, 1948); in persons with orthostatic hypotension 

the systolic, diastolic, and pulse pressures fall (Johnson 

Lambie, & Spalding, 1987) and remain low (Ewing & Clarke, 

1986). In severe cases unconsciousness may occur within 

seconds after standing; in mild cases the BP may still fall 

substantially but cause few or no symptoms (Johnson et al., 

1987). 

To test this cardiac reflex, BP is measured while the 

subject is lying down, and then one minute after standing 

up. While measuring this response the arm must be extended 

horizontally when the subject stands to prevent a falsely 

elevated BP reading (Webster, Newham, Petrie, & Lowell, 

1984). For purposes of clinical ANS testing a fall in the 

systolic pressure of 10 mm Hg or less is normal; a fall of 

11-29 mm Hg is a borderline response; a fall of 30 mm Hg or 

more is abnormal (Ewing & Clarke, 1986). An abnormal 

response is mainly caused by a lack of increase in 

peripheral vascular resistance upon standing due to 

denervation of sympathetic vasoconstrictor nerves (Hilsted, 

1984). Abnormal responses may also occur in patients taking 
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antihypertensive drugs or other medications, and persons 

with adrenal insufficiency and hypovolemia (McLeod & Tuck, 

1987b). Finally, lack of activation of the sympathetic 

nervous system in central nervous system disease my also be 

responsible (Hilsted, 1984). 

BP Response to sustained Handgrip 

During isometric exercise BP increases because of 

increased cardiac output and increased peripheral vascular 

resistance in non-exercising limbs (Lind, Taylor, Humphreys, 

Kenelly, & Donald, 1964). To do this test a subject 

maintains handgrip at 30 percent of his/her maximum 

voluntary contraction on a handgrip dynamometer for up to 

five minutes; the diastolic BP before the handgrip begins 

and just prior to release is measured (Ewing & Clarke, 

1986). A diastolic BP increase of less than 15 mm Hg has 

been considered indicative of sympathetic neuropathy (Ewing, 

Irving, Kerr, Wilsmith, & Clarke, 1974). This response is 

not affected by age (McLeod & Tuck, 1987b). For clinical 

ANS testing, an increase of 16 mm Hg or more is normal, 

increases of 11 to 15 mm Hg are borderline, and increases of 

less than 10 mm Hg are abnormal (Ewing & Clarke, 1986). 

HR Response to the Valsalva Maneuver 

The Valsalva maneuver is the change in HR that follows 

brief forced expiration against a closed glottis or 

mouthpiece. Normally during forced expiration BP falls and 
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HR rises; after release BP rises over the resting value 

while HR falls (Ewing & Clarke, 1986). The HR response to 

the Valsalva maneuver depends on vagal control as well as 

the parasympathetic and sympathetic tone of the heart 

(Hilsted, 1984). In individuals with ANS damage the BP 

falls during forced expiration and returns to normal slowly 

after release with a compensatory increase in BP or change 

in HR (Ewing & Clarke, 1986). 

To perform the maneuver (Ewing & Clarke, 1986) the 

subject sits quietly, takes a breath and after a normal 

expiration blows into an aneroid manometer at the equivalent 

of 40 mm Hg for 15 seconds. The ratio of the longest beat 

to beat (R-R) interval within 20 beats after the maneuver is 

completed to the shortest R-R interval during the maneuver 

is calculated from an electrocardiogram (EKG). This HR 

response is age-dependent (McLeod & Tuck, 1987b). However, 

for diagnostic purposes an average Valsalva ratio of 1.20 or 

less is abnormal while a value of 1.21 or more is considered 

normal (Ewing & Clarke, 1986). 

HR Response to Standing 

When a person stands unaided from the lying position 

there is a rapid increase in HR that reaches a peak about 15 

beats after standing followed by a bradycardia at about 30 

beats (Ewing & Clarke, 1986). The ratio of the R-R 

intervals from an EKG corresponding to the thirtieth and 
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fifteenth heart beats following standing is called the 30:15 

ratio (Ewing, Campbell, Murray, Neilson, & Clarke, 1978). 

This response depends upon both sympathetic and 

parasympathetic systems; a large increase in HR within 3 

seconds after standing excludes vagal neuropathy, while no 

increase indicates combined parasympathetic and sympathetic 

neuropathy (Hilsted, 1984). The 30:15 ratio decreases with 

age (McLeod & Tuck, 1987b). For diagnostic purposes a 30:15 

ratio of 1.04 or more is normal, of 1.01-1.03 is borderline, 

and of 1.00 or less is abnormal (Ewing & Clarke, 1986). 

HR Response to Deep Breathing 

In healthy persons HR varies with respiration, but in 

persons with autonomic neuropathy there is either a 

reduction or absence of HR variation (Ewing & Clarke, 1986). 

The increase in HR during inspiration is caused by decreased 

cardiac vagal activity (McLeod & Tuck, 1987b). The 

magnitude of normal variation, sinus arrhythmia, declines 

with age (Smith, 1982) and may decrease or disappear in 

disorders affecting either central or peripheral autonomic 

pathways (McLeod & Tuck, 1987b). 

To test HR variation (Ewing & Clarke, 1986), the 

subject sits quietly and breathes deeply and evenly at six 

breaths per minute using 5 seconds to inhale and 5 seconds 

to exhale while an EKG is recorded. The differences between 

the maximum (on inspiration) and minimum heart rates (on 
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expiration) from each of three consecutive 10-second cycles 

are averaged to determine HR variation. variations of 15 

beats/min or more are normal, 11 to 14 beats/min are 

borderline, and 10 beats or less are abnormal in diagnostic 

settings. 
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The study presented in the following chapters was 

designed to compare cardiovascular reflex function of a 

group of subjects diagnosed with CFS to a group of age and 

sex matched healthy control subjects. Group differences on 

psychological measures of fatigue, depression, and other 

symptoms that may be attributed to CFS were also examined. 

It was hypothesized that the CFS group would report a larger 

number of CFS-related symptoms and higher levels of fatigue 

and depression than the controls. 

The possible outcomes for the cardiovascular reflex 

testing and the implications of these outcomes are discussed 

in the following paragraphs: 

Impairment on two or more of the cardiovascular reflex 

tests correlates well with ANS abnormalities detected by 

invasive ANS tests (McLeod & Tuck, 1987b), and abnormalities 

of cardiovascular reflex function correlate with other 

autonomic abnormalities (Campbell, Heading, Tothill, Buist, 

Ewing, & Clarke, 1977; Channer et al., 1985; Pfeifer et al., 

1985; Martyn & Ewing, 1986; Ewing, Bellavere et al., 1986). 

Thus, significant differences between groups on multiple 

cardiovascular reflex tests, or abnormalities on multiple 

reflex tests within individuals may indicate diffuse 

autonomic damage throughout the nervous system. 
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From a clinical stand point, no single ANS test is 

sufficient to detect ANS dysfunction (Hilsted, 1984; Ewing & 

Clarke, 1986; Johnson, Lambie, & Spalding, 1987). However, 

a significant difference between groups on a single 

cardiovascular reflex test might be taken as reason for 

further ANS testing to detect ANS abnormalities. It is also 

possible that CFS subjects do not have "diffuse ANS 

dysfunction", but rather a specific deficit or set of 

deficits which could be detected in cardiovascular reflex 

function testing. For example, if the HR variation during 

deep breathing of the CFS group was significantly less than 

that of the control group and no other abnormalities were 

detected, cardiac vagal activity in individuals with CFS 

might be studied further since the increase in HR during 

inspiration in this reflex test is caused by decreased 

cardiac vagal activity (McLeod & Tuck, 1987b). 

Finally, if there are no significant differences found 

between the CFS and control groups on cardiovascular reflex 

measures, this would not rule out the possibility of ANS 

dysfunction in CFS. Cardiovascular reflex tests tap only a 

part of ANS function. 
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Twenty female CFS patients were referred from an 

university medical center out patient clinic. Patients were 

diagnosed with CFS according to CDC criteria and had normal 

blood chemistry profiles, and complete and differential 

blood counts. Three patients who smoked were excluded 

because smoking influences respiratory and cardiovascular 

functions. Fifteen of the 17 CFS subjects had had EKGs 

since they had developed their illness (11 within a year). 

EKGs were reported to be normal in all cases. 

Control subjects were 17 healthy age matched, non

smoking females from the university community. None of the 

control subjects engaged in regular aerobic exercise. 

Subjects did not have a history of high blood pressure. 

All subjects agreed not to drink alcoholic beverages for 24 

hours prior to the study. Three CFS subjects were taking 

nonprescription pain relievers at the time of the study. No 

other subject reported medication use. 

Subjects were treated in accordance with the "Ethical 

Principles of Psychologists" (American Psychological 

Association, 1981). The guidelines set forth by the 

investigational review board of the university where this 

study was conducted were also followed. 



Questionnaires 

Four questionnaires were used. A medical history and 

symptom checklist (Appendix A) were used for descriptive 

purposes and to ensure that subjects had been correctly 

assigned to groups. The Profile of Mood states (POMS) and 

the Beck Depression Inventory (BDI) were also used. 
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The POMS measures six mood states: Tension/Anxiety, 

Depression/Dejection, Anger/Hostility, Vigor/Activity, 

Fatigue/Inertia, and Confusion/Bewilderment. The POMS has 

65 adjectives, each of which is rated on a five-point scale 

(O=not at all, 1=a little, 2=moderately, 3=quite a bit, 

4=extremely). A score is obtained for each mood state by 

summing the responses of the adjectives defining that 

particular mood state as determined by factor analytic 

grouping during test construction (McNair, Lorr, & 

Droppleman, 1971). 

The BDI has 21 items consisting of a series of 4 graded 

self-evaluative statements (see Beck, steer & Garbin, 1988). 

within each item the statements are ordered to reflect a 

range of severity for each symptom or attitude from neutral 

(0) to maximum severity (3). The items measure each of the 

following symptoms and attitudes: sadness, 

pessimism/discouragement, sense of failure, dissatisfaction, 

guilt, expectation of punishment, self-dislike, self

accusation, suicidal ideation, crying, irritability, social 
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withdrawal, indecisiveness, body image distortion, work 

retardation, insomnia, fatigability, anorexia, weight loss, 

somatic preoccupation, and loss of libido (Stenhouwer, 

1985). To score the BDI, the values (0 to 3) of the most 

severe statements endorsed within each item are summed. 

Apparati 

A sphygmomanometer with a digital printout (Takeda 

Medical Digital Blood Pressure Meter, Model UA-751) was used 

for BP measurement in the tests of BP responses to standing 

and sustained handgrip. A handgrip dynamometer was used in 

the sustained handgrip test and to test grip strength. 

An optically isolated EKG amplifier interfaced with a 

PC-XT data acquisition board (Burr-Brown PCI-20098C) and 

supplementary supplies required for 3 EKG leads were used 

for EKG recording and measurement of the HR responses to the 

Valsalva maneuver, standing up, and deep breathing. HR was 

sampled at a rate of 128 readings per second. Additionally, 

an aneroid pressure gauge attached to a disposable 

mouthpiece by a tube was used for the Valsalva maneuver. 

Procedure 

After informed consent was given the medical history 

and symptom checklist were administered. When completing 

the symptom checklist subjects were instructed that a 

response of "none" indicated a complete absence of a 

symptom, a response of "mild" indicated that the symptom was 
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detectable but had no adverse effect on daily activities, 

that a response of "moderate" indicated that the symptom 

disrupted daily activities, and that "severe" indicated that 

the symptom prevented daily activities. 

Next, baseline HR and BP measurements were made. One 

BP and pulse measurement was made on each arm. Three EKG 

electrodes were applied, and cardiovascular reflex testing 

using the method suggested by Ewing and Clarke (1986) 

followed. Tests were given in the order in which they are 

described below. 

HR variation During Deep Breathing. While sitting, the 

subject was asked to breath "slowly and regularly" taking 5 

seconds to inhale and 5 seconds to exhale so each breath 

took 10 seconds. They were asked to "take breaths about 

twice the size of your normal breath." During the test the 

experimenter prompted the subject every 5 seconds saying 

"in" when the subject was to inhale and "out" when the 

subject was to exhale. The EKG recording was marked on each 

inspiration and expiration. six complete breathing cycles 

(a total of one minute) were recorded. 

HR Response to Valsalva Maneuver. The subject was 

asked to sit quietly, take a normal breath, expire, and then 

blow into a tube connected to an aneroid pressure gauge at 

the pressure equivalent of 40 mm Hg. The subject practiced 

maintaining this level of Hg for a few seconds. After the 
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practice session the subjects were asked to sit quietly, 

inspire, expire and then blow into the tube for 15 seconds. 

subjects were also told that some people feel light-headed 

when they do this test and that this was normal. However, 

they were told to stop the maneuver if they felt as if they 

were really going to faint. 

When the aneroid pressure gauge reached the equivalent 

of 40 mm Hg during the maneuver, HR recording began. After 

15 seconds the subject was instructed to "stop and sit 

quietly." HR was monitored for 45 seconds following the 

maneuver. After a minute of rest the subject was asked to 

repeat the maneuver. 

BP Response to sustained Handgrip. The experimenter 

measured the subject's resting BP on the non-dominant arm. 

Then the subject was given the handgrip dynamometer in the 

dominant hand and asked "to squeeze as hard as possible and 

then release" three times. The subject was asked to 

maintain 30 percent of the maximum voluntary contraction for 

three minutes and not to release the grip until instructed 

to do so. Subjects were told that they might experience 

some discomfort during the test and to stop if they felt 

they had to. A blood pressure measurement was taken on the 

non-dominant arm after the grip had been maintained for 

three minutes. When the measurement was completed, the 

subject was instructed to release the grip. 
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HR and BP Responses to Standing. These two tests were 

performed simultaneously for convenience and last since they 

required the subject to stand up. After the subject had 

been lying down for five minutes, a BP measurement was made 

on each arm. A HR reading was taken along with each BP 

measurement. 

The sphygmomanometer cuff was placed on the dominant 

arm. While the EKG was monitored the subject was asked to 

stand while keeping the arm with the sphygmomanometer cuff 

parallel to the floor. One minute after standing another BP 

reading was taken (while the experimenter supported the arm 

parallel to the floor). 

Psychological Measures. Between the test of BP 

response to sustained handgrip and the measurement of HR and 

BP responses to standing, subjects completed the POMS and 

the BDI, in that order. For each questionnaire they were 

asked to select the answer in each item best describing how 

they felt over the past week, including the day of the 

experiment. 

Design and statistics 

A matched two group design was used. Data were 

analyzed using an IBM compatible computer and statistical 

software. Univariate statistical tests were used to analyze 

the data. 
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Subjects ranged in age from 25 to 55 years (M=39.6, 

SO=9.84). Control subjects were not more than 6 months 

older or younger than their matched CFS subject. The groups 

did not differ significantly in education, height, or 

weight. Table 5 reports means, standard deviations, and the 

values from t tests for matched samples for these variables. 

HR and BP 

Mean sitting HR and BP values were determined by 

averaging the two baseline measurements. The systolic and 

diastolic BP values were averaged to create systemic BP 

values for each subject. There were no significant 

differences between groups in mean sitting HR (t=-O.82, 

df=16, p=O.42). The means for average sitting HR were 69.4 

(SO=8.3) for the CFS subjects and 71.5 (SO=8.7) for the 

control sUbjects. However, systemic BP was significantly 

greater in the CFS group (t=2.48, df=16, p=O.03). The means 

were 95.5 (SO=9.6) and 88.9 (SO=5.8) for thp. CFS and control 

subjects, respectively. 

To ensure that the baseline BP values were not inflated 

differentially in the CFS group due to meaning of the 

situation or novelty of the apparatus, group differences in 

systemic BP change between the first and third BP measures 

were examined. Eight CFS subjects had a higher value on the 
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TABLE 5 

GROUP COMPARISON OF EDUCATION, HEIGHT, AND WEIGHT 

CFS Group Control Group t Test Values 

Mean/SD Mean/SD t df P 

Education 14.8/2.13 15.2/2.17 -0.75 16 0.46 
in Years 

Height 65.5/2.10 64.0/2.98 1. 80 16 0.09 
in Inches 

Weight 146.5/26.52 135.0/22.3 1. 49 16 0.16 
in Kilograms 
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first BP measurement than on the third, and nine had a lower 

value on the first measurement than on the third. Nine 

control subjects had a higher BP and eight had a lower BP on 

the first measurement in comparison to the third. 

Visual inspection of the means presented in Table 6 

shows that the CFS group had a higher average systolic and 

diastolic BP not only while sitting, but also while supine, 

a minute following standing, and during the hand grip test. 

Simple regression was used to determine the proportion of 

variance in BP accounted for by group in each of these 

situations and to test the hypothesis that the means of the 

groups were not significantly different. The BP means for 

the groups were significantly different in all cases except 

for diastolic BP during hand grip as can be seen in Table 7. 

The squared multiple correlations are presented in Table 8. 

As can be seen in Appendix B f BP values were highly 

correlated. 

Cardiovascular Reflex Tests 

Reliability. HR responses to the Valsalva maneuver and 

deep breathing were reliable within subjects as indicated 

below. However, the HR and BP responses to standing were 

not retested in order to save time. The BP response to 

sustained handgrip was not repeated since grip fatigue 

following test administration precludes same-day reliability 

assessment. 
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TABLE 6 

BLOOD PRESSURE MEANS AND STANDARD DEVIATIONS 

CFS Group Control Group 

Mean/SO Mean/SO 

sitting 

systolic 112.8/12.2 105.7/8.1 

Diastolic 78.2/7.8 72.2/4.2 

Supine 

Systolic 108.7/12.8 101.0/9.3 

Diastolic 70.1/9.0 63.8/4.8 

Standing 

Systolic 106.2/16.7 95.7/10.3 

Diastolic 72.7/10.3 65.1/5.7 

Gripping 

systolic 128.3/19.6 114.5/9.2 

Diastolic 87.0/9.6 83.4/6.9 
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TABLE 7 

GROUP COMPARISON OF BP MEANS 

Sum of Mean-
Source Squares df Square F p 

systemic Regression 1.31 1 1.31 5.84 0.02 
sitting Residual 7.19 32 0.23 

Systolic Regression 0.97 1 0.97 4.12 0.05 
sitting Residual 7.53 32 0.24 

Diastolic Regression 1.63 1 1.63 7.60 0.01 
sitting Residual 6.87 32 0.22 

systemic Regression 1.27 1 1.27 5.61 0.02 
Supine Residual 7.23 32 0.23 

Systolic Regression 0.94 1 0.94 3.99 0.05 
Supine Residual 7.56 32 0.24 

Diastolic Regression 1.45 1 1.45 6.56 0.02 
supine Residual 7.05 32 0.22 

Systemic Regression 1.43 1 1.43 6.46 0.02 
standing Residual 7.07 32 0.22 

Systolic Regression 1.14 1 1.14 4.96 0.03 
standing Residual 7.36 32 0.23 

Diastolic Regression 1. 55 1 1.55 7.15 0.01 
Standing Residual 6.95 32 0.22 

systemic Regression 1. 25 1 1.25 5.54 0.03 
Gripping Residual 7.25 32 0.23 

systolic Regression 1.52 1 1.52 6.95 0.01 
Gripping Residual 6.98 32 0.22 

Diastolic Regression 0.39 1 0.39 1.56 0.22 
Gripping Residual 8.11 32 0.25 
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TABLE 8 

BP VARIANCE ACCOUNTED FOR BY GROUP 

Multiple R2 Multiple R2 Multiple R2 

Systemic BP systolic BP Diastolic BP 

Sitting .154 .114 .192 

supine .149 .111 .170 

Standing .168 .134 .183 

Gripping .147 .178 .046 
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Correlation with Age. There was only one significant 

correlation between age and cardiovascular reflex test 

scores. The correlation between age and the HR variation in 

CPS subjects was -.58 (p<0.05). 

HR variation During Deep Breathing. Ratios of the 

maximum HR on inspiration to the minimum HR on expiration 

were calculated for each subject for each of three 

successive breaths. These three ratios were averaged for 

each subject and the difference in average HR variation 

between groups was compared using a t test for matched 

samples. There was no significant difference in HR 

variation between groups (see Table 9). 

The average correlations between HR variation ratios 

from the three successive breaths were significant (p<O.Ol): 

.82 for the CPS subjects and .73 for the controls. The 

correlations between ratios for successive breaths are 

presented in Table 10. 

HR Response to Valsalva Maneuver. Pour CPS subjects 

discontinued the maneuver because they felt as if they were 

going to faint. There were no significant differences 

between subjects who did not do the maneuver and other CPS 

subjects on the remaining cardiovascular reflex tests, 

psychological variables, or CPS symptoms reported. Eight 

CPS subjects who completed the test and 11 control subjects 

reported that they felt light-headed during the maneuver. 
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TABLE 9 

GROUP COMPARISON OF CARDIOVASCULAR REFLEX TEST SCORES 

CFS Group Control Group t Test Values 

Mean/SO Mean/SO t df P 

HR Response 
to Deep 1.32/.12 1.37/.11 -1. 47 16 0.16 
Breathing 

Valsalva 1.56/.45 1. 44/ .34 0.66 12 0.52 
Maneuver 

BP Response 8.8/7.57 11.2/5.11 -1.14 16 0.27 
to Handgrip 

HR Response 1.22/.14 1.30/.14 -1. 56 16 -0.14 
to standing 

BP Response -1.59/10.89 -5.35/10.38 1.06 16 0.30 
to standing 



TABLE 10 

CORRELATIONS BETWEEN RATIOS FOR SUCCESSIVE BREATHS 

Breaths 

1 and 2 

2 and 3 

1 and 3 

CFS Subjects 

.85** 

.77** 

.83** 

Note: ** = p<O.Ol. 

Control Subjects 

.76** 

.65** 

.80** 
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No significant difference between the groups (13 age 

matched pairs) was found in HR response to the Valsalva 

Maneuver (see Table 9). The correlations between the trials 

were .67 (p<0.05) for both groups. 

BP Response to sustained Handgrip. The two groups did 

not differ significantly in their BP response to sustained 

handgrip (see Table 9). Additionally, there was no 

significant difference in dominant hand maximum grip 

strength (t=-0.026. df=16. p=0.98). The mean grip strength 

in kilograms for the CFS group was 24.9 (SO=8.36) and 25.0 

(SO=6.01) for the control group. 

HR and BP Response to standing. Neither the 30:15 

ratios nor the changes in systolic and diastolic BP differed 

significantly between groups (see Table 9). 

Psychological Measures 

There were significant differences between groups on 

both the POMS and BO!. The CFS group had significantly 

higher BO! scores than the control group (t=3.79, df=16, 

p=O.OO). The means were 17.4 (SO=10.9) and 5.7 (SO=5.6) for 

the CFS and control subjects, respectively. 

The results of the comparisons for the subscales of the 

POMS are presented in Table 11. There were significant 

differences between groups on four of the six POMS 

subscales, these four subscales were highly correlated (see 

Appendix B). CFS subjects scored significantly higher than 
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TABLE 11 

POMS SUBSCALE COMPARISONS 

CFS Group Control Group t Test Values 

Scale Mean/SO Mean/SO t df P 

Depression 19.9/16.3 8.3/8.0 2.40 16 0.03* 

Fatigue 20.8/7.0 6.8/4.8 6.40 16 0.00* 

vigor 9.1/6.7 17.9/6.0 -3.71 16 0.00* 

Confusion 13.8/6.7 5.5/4.8 3.81 16 0.00* 

Tension 14.1/8.0 9.9/6.0 1.37 16 0.19 

Anger 13.5/11.4 7.8/7.8 1. 61 16 0.13 

Note: * indicates significant value. 
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controls on the Depression/Dejection, Fatigue/Inertia, and 

confusion/Bewilderment subscales. They scored significantly 

lower than the controls on the Vigor/Activity subscale. 

Symptoms Reported 

There was a significant difference in the number of 

symptoms reported (t=11.5, df=16, p=O.OO). CFS subjects 

endorsed a mean of 16.6 (SD=3.7) symptoms on the CFS symptom 

checklist (Appendix A), while control subjects endorsed a 

mean of 2.9 (SD=2.0) symptoms. Symptoms reported by the CFS 

subjects are summarized in Table 12. 

Control subjects reported mild or moderate levels of 

the following symptoms: muscle aches (6 mild, 2 moderate), 

headache (6 mild, 2 moderate), fatigue (5 mild, 2 moderate), 

depression (5 mild), irritability (4 mild), sleep 

disturbance (4 mild), joint aches (2 mild), difficulty 

concentrating (2 mild), muscle weakness (1 moderate), 

difficulty thinking (1 mild), visual problems (1 mild). 

Control subjects did not report any of the following: 

fever, chills, lymph node swelling, sore throat, nerve pain 

or tingling, confusion or forgetfulness, severe fatigue 

following exercise. 

Thirteen CFS subjects reported photophobia, nine 

reported having night sweats at least one time per month, 

and three reported that they frequently got dizzy when 

standing up. None of the controls reported these symptoms. 
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TABLE 12 

CFS SYMPTOMS REPORTED 

Mild Moderate Severe Total 

Fatigue 1 3 13 17 

Severe Fatigue 0 6 9 15 
After Exercise 

Fever 10 4 0 14 

Chills 10 3 0 13 

Node Swelling 11 2 1 14 

Sore Throat 10 5 1 16 

Muscle Aches 3 5 7 15 

Muscle Weakness 2 3 10 15 

Joint Aches 4 6 4 14 

Headache 5 5 5 15 

Visual Problems 5 5 4 14 

Nerve Pain 7 0 4 11 

Nerve Tingling 7 4 0 11 

Disturbed Sleep 3 4 10 17 

Concentration 3 7 7 17 
Difficulties 

Thinking 4 9 4 17 
Difficulties 

Forgetfulness 5 7 5 17 

Confusion 5 5 4 14 

Irritability 6 4 6 14 

Depression 7 6 2 15 



CHAPTER 9 

DISCUSSION 
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Study findings can be summarized as follows. First, 

there was no evidence of abnormal cardiovascular reflex 

function in the CFS group. Second, the CFS group had 

significantly higher BP than the control group. Third, the 

CFS group scored higher on psychological measures of 

depression, fatigue, and confusion than the control group; 

the control group scored higher on a psychological measure 

of vigor than the CFS group. Finally, the CFS group 

reported more CFS-related symptoms than the control group, 

but some members of the control group did endorse symptoms 

on the CFS symptom checklist. These findings, their 

implications and study limitations are discussed below. 

CFS Symptoms and Psychological variables 

It is not surprising that the CFS group reported 

significantly more symptoms on the CFS symptom checklist 

than the control group, since checklist items corresponded 

to the CDC symptom criteria for CFS diagnosis. Members of 

the CFS group reported an average of 16.6 symptoms while 

control subjects reported an average of only 2.9 symptoms. 

Symptoms reported by control group members included muscle 

aches, headache, fatigue, depression, irritability, sleep 

disturbance, joint aches, difficulty concentrating, muscle 

weakness, difficulty thinking, and eye strain. Thus, in 



this study members of a healthy control group reported 

"symptoms of CFS." Once again the lack of specificity of 

CFS symptoms becomes apparent: some CFS symptoms are not 

even specific to illness. 

Based on the symptom checklist, none of the control 

subjects qualified for a diagnosis of CFS based on symptom 

criteria. Additionally, in contrast to the CFS subjects 

(see Table 12), none of the control subjects reported that 

any symptom was "severe" (prevented daily activities). 
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Control subjects did not report fever, chills, lymph 

node swelling, sore throat, nerve pain or tingling, eye 

sensitivity to light, confusion or forgetfulness, or severe 

fatigue following exercise. In this study these items could 

have been used to differentiate between the two groups. Of 

course, this is a retrospective observation. still, it is 

possible that symptom pattern, onset, severity, and duration 

might be used to differentiate between persons with CFS and 

other illnesses despite the nonspecificity of CFS symptoms. 

The increased BDI scores and endorsement of depression, 

fatigue and confusion related adjectives on the POMS in CFS 

subjects could simply be explained in terms of syndrome 

symptoms. Persistent fatigue is a major criterion for CFS 

diagnosis. Symptom criteria include neuropsychological 

complaints of depression and confusion. However, neither 

this study nor other studies of CFS have been able to 



elucidate the role of neuropsychological symptoms in CFS. 

Treatment of these symptoms and our understanding of CFS 

might be improved if the pathophysiology of the 

neuropsychological correlates of the syndrome were known. 

cardiovascular Reflexes 
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As stated earlier, a lack of significant differences 

between the CFS and control groups on cardiovascular reflex 

measures does not rule out the possibility of ANS 

dysfunction in CFS. Findings do suggest that cardiovascular 

reflex function as assessed by these noninvasive tests is 

normal in individuals with CFS when they are at rest. 

Cardiovascular reflex function during exercise was not 

examined in this study. 

BP Elevation 

study findings also suggest that autonomic control of 

BP might merit further study. Comparison of baseline BP 

indicated that CFS subjects had higher BP than the controls. 

Montague et ale (1989) also reported significant elevations 

in systemic BP in CFS subjects (92 mm Hg) in comparison to 

age matched control subjects (87 mm Hg). In this study the 

CFS subjects had a mean systemic BP of 95.5 (SO=9.56) and 

the age matched controls had a mean systemic BP of 88.9 

(SO=5.8) while sitting. 

Differences in baseline BP were not explainable in 

terms of a greater initial arousal in the CFS subjects since 
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more control subjects than CFS subjects had a higher BP 

value on the first measurement than on the third. Further 

examination revealed that BP was consistently elevated in 

the CFS subjects. still, heightened arousal in CFS subjects 

which lasted the duration of the experiment could still 

account for the group differences. For example, CFS 

subjects might have had a higher BP because the situation 

had a different meaning to them than to the control subjects 

or because they were over-exerting. However, any 

interpretation along these lines must also take into account 

that there were no significant differences between groups in 

HR, and the author is unaware of dissociation between HR and 

BP under conditions of arousal. 

As can be seen in Table 9, the CFS group had a 

significantly elevated BP across conditions, and both 

systolic and diastolic pressures were significantly 

different. The only measure that was not significantly 

different was the diastolic BP during isometric exercise, 

and the possible merit of this "insignificant" difference 

between groups will be discussed subsequently. 

Comparison of the R2 values in Table 8 (excluding the 

values for BP during grip) reveals that the proportion of 

variance in BP accounted for by group was similar across 

conditions for diastolic and systolic BP. Additionally, 

when these R2 values for systolic and diastolic BP are 
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inspected, it is apparent that group accounted for a greater 

proportion of variance in analyses of diastolic BP (pressure 

exerted on arterial walls when the ventricles are not 

contracting) than in analyses of systolic BP (pressure 

exerted on arterial walls during ventricular contraction). 

While caffeine intake can elevate BP, it did not seem 

to be a factor in this study. One CFS subject and 14 

control subjects reported daily caffeine intake. Eleven CFS 

subjects had eliminated caffeine from their diet. 

BP Regulation 

The following paragraphs describing BP regulation are 

intended to serve as a basis for subsequent discussion of 

possible explanations of a BP elevation in CFS. Before 

continuing, however, it should be explicitly stated that 

further study is warranted to determine if BP is elevated in 

CFS, and if so, under what conditions. Information 

pertaining to BP regulation is from Bannister (1988) unless 

otherwise noted. 

Baroreceptor Reflex Arc. BP homeostasis is thought to 

be largely maintained by a negative feedback mechanism under 

autonomic control. BP changes are detected by baroreceptors 

in the heart, carotid sinus, aortic arch, and other large 

vessels. Afferent information from these structures is sent 

via the carotid-sinus, glossopharyngeal, and vagus nerves to 

the brain stem. Branches of the carotid-sinus nerve go to 
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the nucleus tractus solitarius (a nucleus thought to 

integrate inputs from the baroreceptors) and the 

hypothalamus (to a nucleus involved in maintaining the 

body's water-osmolar balance as a part of the renin

angiotensin-aldosterone system). These and other nuclei 

thought to play a role in BP regulation project directly to 

the interomediolateral nucleus of the spinal cord. The 

interomediolateral nucleus is a site of sympathetic outflow 

to the heart, blood vessels, and adrenal medulla. 

sympathetic activation results in catecholamine release 

which, in turn, increases blood pressure, cardiac 

contractility and HR. 

While baroreceptors respond immediately to small 

changes in pressure, the reflex arc is not equipped to 

handle long term elevations in BP. If an alteration in BP 

persists for hours the pressure-receptor mechanism will 

adapt to the new conditions and may become less responsive. 

Neurotransmitters. Norepinephrine is the catecholamine 

thought to play the most prominent role in BP regulation. 

Norepinephrine is present in most postganglionic sympathetic 

fibers. When released, the action of norepinephrine depends 

on the type of receptor activated. Alpha-adrenergic 

receptors are found on arteriole smooth muscle (alpha-one 

subtype) and cause the arterioles to constrict when 

activated. This increases peripheral resistance and BP. 
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Beta-adrenergic receptors are found on the sinus and 

atrioventricular nodes, conducting system, and muscle cells 

of the heart. They are also present in large coronary 

arteries. When activated, beta-receptors cause an increase 

in HR, shorten the heart's refractory period, increase 

ventricular contractility, and dilate coronary arteries. 

Sympathetic nerve activity is not the only determinant 

of norepinephrine release. In addition to modulation by a 

negative feedback mechanism, norepinephrine release is 

influenced by the metabolic conditions and other 

transmitters present at the sympathetic neuroeffector 

junction. Additionally, alterations in synthesis, receptor 

sensitivity and number, as well as removal of the 

transmitter from the synapse following release can influence 

norepinephrine activity. 

Epinephrine, a catecholamine released from the adrenal 

medulla, is also under sympathetic control and has some 

influence on BP. Additionally, a number of 

neurotransmitters besides the catecholamines have been 

reported and postulated to act in BP regulation via central 

nervous system mechanisms. Among these are serotonin, 

acetylcholine, substance P, and gamma aminobutyric acid. 

The precise roles of and interrelationships between these 

neurotransmitters have yet to be elucidated. 
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Hypothalamus. The hypothalamus regulates ANS function 

via direct descending nervous system pathways. The 

effectors in the hypothalamic nervous system pathways are 

mainly adrenergic neurons of the sympathetic nervous system. 

The hypothalamus is also influenced by activities of the 

cortex and limbic system. These influences are thought to 

playa critical role in emotional/affective expression. 

The hypothalamus also regulates blood volume, another 

important determinant of blood pressure, via influences on 

the pituitary and endocrine glands. Blood volume is 

determined by two factors: the volume of blood cells and 

plasma within the circulatory system, and the volume of 

blood expelled each time the left ventricle contracts. 

The hypothalamus produces and modulates the release of 

vasopressin (anti-diuretic hormone). This hormone is stored 

in the pituitary, and released when body fluid levels are 

low. Vasopressin acts on the kidney to promote water 

retention. Additionally, when blood flow through the 

kidneys is reduced the renin-angiotensin-aldosterone system 

is activated. This system has three important actions. 

First, activation results in aldosterone secretion from the 

adrenal cortex, which, in turn, increases blood volume by 

conserving sodium and water. Second, via the hypothalamus, 

thirst is increased. Third, angiotensin II, a peptide in 

this system, is a powerful vasoconstrictor. 
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Possible Explanations 

Increased Peripheral Resistance. Increased sympathetic 

activity which results in increased peripheral resistance 

could account for the increase in BP in CFS subjects in this 

study. Such sympathetic activation could be the result of 

psychological stress (see Andreassi, 1989). Participation 

in this study could have been more psychologically stressful 

for CFS subjects since it was directly related to an oft 

misunderstood personal illness. Additionally, all CFS 

subjects reported at least one pain-related symptom (muscle, 

joint, or nerve pain). Although the mechanisms associated 

with pain sensation and perception are not fully understood, 

they are thought to be related to sympathetic activity. 

It is also possible that differences in activity level 

or stamina may account for differences in blood pressure. 

Although the control subjects were not trained athletes, 

they were more active than the CFS subjects. Just getting 

to the study location required levels of activity to which 

some CFS subjects were unaccustomed. Additionally, there is 

evidence to suggest that decreases in physical activity are 

associated with increased catecholamine release during 

sympathetic stimulation. 

Once again, explanations of BP elevation employing the 

notion of sympathetic activation will have to account for 

the dissociation between BP and HR. This could occur if 



only alpha-adrenergic receptors (not beta-adrenergic 

receptors) were activated for some reason. 
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Long term elevations in BP probably cannot be mediated 

solely by sympathetic baroreceptor reflex-initiated 

activity. However, since elevations in BP that last more 

than a day or two could reset the baroreceptor mechanism, a 

persistent elevation in BP in CFS could be initiated via the 

sympathetic nervous system and maintained via the new BP set 

point. Such an increase might, conceivably, be the result 

of classical conditioning. 

Finally, norepinephrine induced vasoconstriction is not 

the only determinant of resistance to blood flow. Both 

elasticity of large arteries and blood viscosity (percentage 

of blood composed of cells) play an important role. 

However, decreases in large artery elasticity are associated 

with increases in systolic pressure but not necessarily 

diastolic pressure increases, and in this study both 

systolic and diastolic pressures increased. Blood viscosity 

as assessed by hematocrit (percentage of blood composed of 

cells) was within the normal range in the CFS subjects. 

However, group hematocrit values were not compared. 

Alterations in Blood Volume. A decrease in blood 

volume might result in the release of vasopressin and 

activate the renin-angiotensin-aldosterone system. 

Moreover, a decrease in blood volume may increase plasma 



76 

norepinephrine levels (Page, 1987). One possible mechanism 

for fluid depletion in CFS is body temperature elevation. 

In the present study, 14 of the 17 CFS subjects reported the 

symptom of low grade fever, but body temperature was not 

measured. Of course, it is readily apparent that not all 

individuals with CFS report the symptom of fever. 

Additionally, the fever associated with CFS is, by 

definition, low grade (see Table 2), and the effects of low 

grade fever on blood volume and BP have not been examined. 

The Case of the Calcium Channel Blocker 

Norepinephrine-induced vasoconstriction (via alpha

adrenergic receptors) is mediated by calcium movement across 

the cell membrane. Depolarization of vascular smooth muscle 

depends on inward movement of Ca++ , and contraction is 

regulated by the concentration of Ca++ in the intracellular 

fluid (Gilman, Goodman, RaIl, & Murad, 1985). Calcium 

channel blockers inhibit the movement of calcium across the 

cell membrane. 

Adolphe (1988) reported the case of a patient with CFS 

who was treated with the calcium channel blocker nifedipine 

to prevent vasospasms and neuropsychological symptoms 

associated with a 'migraine-like' (p. 892) headache. 

Following five days of nifedipine treatment (10 mg three 

times per day), the headache abated, cognitive function 

improved, and fatigue levels decreased. In this patient, 
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continued treatment prevented CFS symptom expression--when 

the patient ceased to take the nifedipine, symptoms returned 

within 72 hours. Adolphe was unable to explain the efficacy 

of this treatment in this situation and suggested that 

nifedipine's utility in the treatment of CFS be examined in 

clinical trails. 

Oral administration of nifedipine increases blood flow 

via arterial dilatation and increases cardiac output since 

arteriole resistance is reduced. Consideration of this case 

report, in conjunction of the findings of elevated BP in 

this study, suggests the possibility of norepinephrine

induced peripheral vasoconstriction in CFS. If this it the 

case, individuals with CFS may benefit from pharmacological 

interventions designed to lower peripheral resistance. 

Several other observations may have merit in this 

regard. First, during pilot studies for this project, the 

author observed that finger pulse monitors were unable to 

detect HR in some CFS subjects during exercise. Finger tip 

pulse was detectable in all control subjects in the same 

situation. Shunting of the blood to exercising limbs could 

have reduced finger blood flow to an undetectable level in 

the CFS subjects if their arteries were constricted prior to 

exercise. 

Second, the only BP measure that was not significantly 

different between groups in this study was the diastolic 
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pressure during isometric exercise. As mentioned 

previously, isometric exercise increases peripheral vascular 

resistance in non-exercising limbs. A higher level of 

peripheral resistance prior to isometric exercise in the CFS 

group could account for these findings. 

Pharmacological studies of the action of 

norepinephrine, though they do not necessarily reflect the 

actions of endogenous norepinephrine, are also of interest 

in this regard. Intravenous infusion (10 micrograms per 

minute) of norepinephrine increases total peripheral 

resistance, increases both systolic and diastolic pressure, 

and decreases HR (Gilman et al., 1985). Though not a 

statistically significant difference, the CFS group did have 

a lower average HR than the control group in this study. 

Additionally, among the side effects and signs of overdose 

and/or hypersensitivity to norepinephrine (Gilman et al., 

1985) are a number of symptoms reported by persons with CFS 

(see What is CFIDS?, 1989). These include headache, 

photophobia, pallor, sweating, arrhythmias, and respiratory 

difficulty. 

However, the finding of increased BP, a few anecdotal 

observations, and a single case study are hardly sufficient 

evidence that there is increased peripheral resistance in 

CFS. Additionally, it is difficult to speculate how a 

calcium blocker might alleviate all CFS symptoms. As 
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mentioned previously, intravenous injection of 

norepinephrine can cause headache and photophobia. 

Additionally, norepinephrine administration can produce a 

fever which is thought to be due to peripheral 

vasoconstriction and decreased heat loss (Johnson, 1983), 

but the dose necessary to elicit this response is greater 

than that which would occur naturally (Kluger, 1979). Thus, 

a number of CFS symptoms are not explained. 

The Calcium Channel Hypothesis 

Consideration of the body's response to a hormone-like 

messenger, a lymphokine, from immune cells provides some 

intriguing evidence that it just might be possible for a 

calcium channel blocker to alleviate CFS symptoms. Immune 

system activation results in the release of interleukin-1 

which initiates a variety of responses in different cells 

and tissues (Beisel, 1985). Interleukin-1 is one of several 

endogenous pyrogens. pyrogens act on the hypothalamic 

thermoregulatory center. The fever induced by interleukin-1 

is mediated by prostaglandin E2 and results from elevation 

of the thermoregulatory set point, heat production, and 

conservation (Dinarello, 1989). 

Some persons with CFS do have a fever, and interleukin-

1 could induce a fever. The presence of this lymphokine 

could be used to explain other CFS symptoms too. For 

example, interleukin-1 also stimulates prostaglandin 
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formation in muscle and synovial cells (in fluid at joints) 

(Oppenheim, 1986). Since prostaglandins may sensitize 

nociceptive receptors (Kelly, 1985), the presence of 

prostaglandins could explain the symptoms of muscle and 

joint pain. However, both the location and amount of 

interleukin-1 may also be important in this regard. For 

example, interleukin-1 has been reported to inhibit pain 

responses via a central mechanism and to be hyperalgesic at 

a low concentration (Nakamura, 1989). 

It is also possible that an immune response could 

account for some of the neuropsychological symptoms of CFS. 

Norepinephrine synthesis is inhibited during the immune 

response (Berczi, 1986). Additionally, interleukin-1 may 

increase norepinephrine metabolism (Kabiersch, del Rey, 

Honegger, & Besedovsky, 1988). Since catecholamine 

depletion (e.g., with reserpine) may be accompanied by 

depression, there could be a "physiological explanation" for 

what may appear as a mood disorder. 

How might a calcium channel blocker relieve 

interleukin-1-induced symptoms? It has been proposed that 

increases in intracellular calcium ion levels may be a 

common mediator of interleukin-1 action on a variety of cell 

types, and there is some evidence suggesting that 

interleukin-1 increases cell membrane permeability to 

calcium ions (Baracos, Dinarello, & Goldberg, 1985). If the 
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symptoms of CFS are a result of the activity of interleukin-

1, and if interleukin-l acts by increasing the permeability 

of cell membranes to calcium, calcium channel blockers might 

be an effective treatment for CFS. 

Interleukin-l and the Sympathetic Nervous System 

There are reports that exercise and stress exacerbate 

CFS (see What is CFIDS?, 1989). There have also been 

several reports of increases in interleukin-l associated 

with exercise (Cannon, 1985; Evans et al., 1986). Again, it 

is possible that interleukin-l levels could increase 

following exertion and result in an exacerbation of CFS 

symptoms. The question of whether interleukin-l or its 

actions could account for symptom exacerbation associated 

with stress has yet to be addressed, but both anatomic and 

physiologic data suggest that such an association is 

possible. Some of these data are summarized below. 

Under conditions of exercise and other stresses (e.g., 

intense emotion, pain, infection or inflammation), the 

hypothalamus activates the sympathetic nervous system. This 

results in the release of norepinephrine from noradrenergic 

neurons, and epinephrine and norepinephrine from adrenal 

medulla which increase BP and mobilize energy stores. At 

the same time, the hypothalamus secretes corticotropin

releasing hormone (CRH) which stimulates the release of 

adrenocorticotropic hormone (ACTH) from the anterior 



pituitary. ACTH stimulates the release of cortisol, a 

glucocorticoid, from the adrenal cortex which plays an 

important role in carbohydrate metabolism. 
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This hypothalamic-pituitary-adrenal axis and the 

sympathetic nervous system are both thought to play a role 

in immune modulation. Lymphoid organs are sympathetically 

innervated, and immune responsiveness is enhanced when this 

innervation is disrupted (Berczi, 1986). Additionally, 

administration of alpha-agonists which do not have central 

effects also inhibits the immune response. Thus, it is 

possible that norepinephrine's action at alpha-receptors 

might also inhibit the immune response. 

Results of animal studies suggest that interleukin-1 

activates the hypothalamic-pituitary-adrenal axis by 

increasing the secretion of CRH (Dunn, 1988). This action 

of interleukin-1 appears to be independent of its pyrogenic 

effect. Blood glucocorticoid levels have also been found to 

increase in proportion to the magnitude of the immune 

response in animals undergoing responses to a variety of 

antigens (Besedovsky, del Rey, sorkin, & Dinarello, 1986). 

Interleukin-l production and release and a variety of other 

immune responses are also inhibited by glucocorticoids via a 

negative feedback mechanism (Besedovsky et al., 1986, 

Berczi, 1986). 
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There is also some evidence that in vivo stimulation of 

the ANS may alter in vitro interleukin production. Hirsh, 

Mullen, and Beer (1985) found that stimulation of the 

sympathetic nervous system (with L-norepinephrine

bitartrate) resulted in decreased in vitro activity of both 

Interleukin-1 and -2. Conversely, stimulation of the 

parasympathetic nervous system (with physostigmine sulfate) 

increased in vitro interleukin activity. Since the mice in 

this study were not decapitated until 20 minutes following 

ANS stimulation, it is possible that part or all of these 

responses were due to activation of the hypothalamic

pituitary-adrenal axis. 

In summary, there is evidence that interleukin-1 

stimulates the hypothalamic-pituitary-adrenal axis to 

release glucocorticoids, and the presence of glucocorticoids 

in the blood can inhibit interleukin-1. Thus, there is a 

negative feedback loop for interleukin-1-induced 

glucocorticoid release. However, under conditions of stress 

not involving interleukin-1, activation of the hypothalamic

pituitary-adrenal axis could prevent interleukin-1 release 

in response to a challenge of the immune system. Thus, in 

either situation, glucocorticoids inhibit the immune 

response. Additionally, there is some evidence that the 

sympathetic noradrenergic neurons may also inhibit the 

immune response, but the question of whether these neurons 



also inhibit interleukin-l synthesis or release has yet to 

be answered. Finally, the role of the body's response to 

stress during CFS, and the impact of CFS on this complex 

system have not been examined. 
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CHAPTER 10 

CONCLUSION 
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To date there is not a parsimonious explanation for CFS 

symptoms. If CFS is indeed a single syndrome, then the 

pathophysiology of CFS must account for the symptoms. 

Explanations of CFS employing hormones or hormone-like 

substances are attractive since the level and location of 

these substances in the body is likely to vary both between 

and within individuals, and since hormones can have 

different effects on different types of cells. The actions 

of interleukin-1, as discussed in the previous chapter, 

might account for a number of CFS symptoms. Additionally, 

the actions of interleukin-1 on the hypothalamus and the 

sympathetic innervation of lymphoid tissues, suggest that 

stress might influence lymphokine-induced symptomatology. 

The foregoing discussion, no matter how intriguing, was 

based largely on speculation. The hypotheses that blood 

pressure is elevated in CFS and associated with increased 

peripheral resistance, and that CFS symptoms may be caused 

by interleukin-1 remain to be tested. 
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APPENDIX A 

CFS SYMPTOM CHECKLIST 

PLEASE RATE YOUR CFS Sn·WTOMS 

Listed below are some common CFS symptoms, please rate your 
symptoms according to the following scale: 

l=none 2=mild 3=moderate 4=severe 

Fatigue Fever 

Chills Sore throat 

Lymph node swelling Muscle weakness 

Muscle aches or discomfort Headaches 

Joint aches Difficulty thinking 

Difficulty concentrating Forgetfulness 

Confusion Depression 

Irritability Visual problems 

Sleep disturbances Nerve tingling 

Nerve pain 

Prolonged (24 hours or more) generalized fatigue after 
levels of exercise that would have been easily tolerated 
prior to developing CFS. 

If you have a fever, is it (check one): 
___ low grade ___ high grade? 

Do you have any joint redness or swelling? 
(circle one) YES NO 

Are your eyes sensitive to light? (circle one) YES NO 

What other CFS symptoms or CFS-related problems do you have 
that are not listed above? ____________________________________ ___ 



APPENDIX B 

PEARSON CORRELATION MATRICES 

Systolic BP 

Sitting 

sitting 1. 00 

Supine 

Standing 

Gripping 

Systolic 

sitting 

supine 

Standing 

Gripping 

BP 

.82 

.74 

.78 

Sitting 

1.00 

.87 

.80 

.66 

POMS Subscales 

Depression 

Depression 1.00 

Fatigue .64 

Vigor -.45 

Confusion .79 

Tension .87 

Anger .86 

supine 

1. 00 

.70 

.79 

Supine 

1. 00 

.68 

.57 

Fatigue 

1.00 

-.73 

.76 

-.73 

.45 

standing 

1.00 

.67 

standing 

1.00 

.57 

Gripping 

1. 00 

Gripping 

1.00 

vigor Confusion Tension 

1.00 

-.58 1. 00 

-.34 .71 1.00 

-.19 .73 .86 
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Anger 

1.00 
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