Cataplexy is an intriguing example of how emo-
tions can trigger muscle weakness by activating
neural pathways. When associated with excessive
daytime sleepiness, cataplexy is considered patho-
gnomonic of narcolepsy. A questionnaire was ad-
ministered to 55 patients with narcolepsy-cata-
plexy and 47 comparison subjects with
obstructive sleep apnea. The area under the re-
ceiver-operating curve was 0.94 for the combina-
tion of muscle weakness with laughter and ability
to hear during the episode. A 51-item question-
naire succeeds in identifying cataplexy in narco-
lepsy-cataplexy patients measured up against a
comparison group. In the future, an abbreviated
survey with these two questions should identify
cataplexy with high sensitivity and specificity.
These selected questions could subsequently be in-
cluded into screening tools for use with different
patient populations.

(The Journal of Neuropsychiatry and Clinical
Neurosciences 2005; 17:45-50)
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Cataplexy is one of the most intriguing examples of
how thought content can alter neurologic function-
ing. In a state of cataplexy, an intense emotional state
triggers objective transient muscle weakness verified by
areflexia." The clinical manifestations are varied, rang-
ing from involuntary eye closure and neck weakness to
a subtle buckling of the knees to generalized muscle
weakness that causes the patient to collapse.” Con-
sciousness and awareness of the environment are pre-
served throughout the episode. Few clinical phenomena
better illustrate the ability of an emotional experience to
cause neurochemical alterations that result in observ-
able behavioral signs.

Known primarily as a symptom of the sleep disorder
narcolepsy, cataplexy, in extremely rare cases, has been
associated with other disorders, which include Nieman-
Pick disease type C, Norrie’s disease, mid-brain tumors,
and familial isolated cataplexy.> When associated with
excessive daytime sleepiness, with or without any other
narcolepsy symptoms, cataplexy is considered patho-
gnomonic of narcolepsy. Because of this close associa-
tion, the pathologic features of narcolepsy provide
valuable information about the factors conferring vul-
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nerability to cataplexy. Recently, narcolepsy with cata-
plexy was associated with a deficiency of the neuropep-
tide hypocretin 1 (also known as orexin A), which is
produced by a small number of cell bodies located only
in the lateral hypothalamus.* The hypocretin neurons
project widely throughout the central nervous system,
including the spinal cord. Hypocretin 1 deficiency ap-
pears to play a permissive role, allowing certain emo-
tional states to cause rapid shifts in downstream neu-
rotransmitters, which results in cataplexy.

The decreased muscle tone observed in cataplexy is
similar to the absent electromyographic tone docu-
mented during rapid eye movement (REM) sleep.
Therefore, cataplexy is believed to represent dissociated
REM phenomena intruding into wakefulness after an
emotional trigger. The proposed mechanism implicates
postsynaptic inhibition of spinal alpha motoneurons by
activated cells, including cholinoceptive ones in the
midbrain, pontine, and medullary regions.”®

The specific aim of this study was to investigate which
emotional experiences triggered cataplexy, observe the
manifestations of the episode and determine whether a
brief survey that would aid in identifying cataplexy
could be developed. The negative and positive predic-
tive value of the abbreviated survey was also measured.

METHOD

Subjects

Fifty-five patients with narcolepsy and cataplexy were
selected based on a clear history of cataplexy. All pa-
tients fulfilled the Mayo Narcolepsy Research criteria for
definite narcolepsy.” These diagnostic criteria require
specific electrophysiologic data or physician-witnessed
cataplexy with confirmed areflexia. This narcolepsy
classification has been previously shown to have an in-
terrater reliability of 0.98. In all cases, the presence of
cataplexy was confirmed based on a review of the medi-
cal record by experienced sleep specialists (L.E.K,,
M.H.S.). In seven cases, the physician verified cataplexy
by observing one episode. The narcoleptic patients re-
mained on their customary therapy. The comparison
group consisted of 47 subjects with obstructive sleep ap-
nea diagnosed based on polysomnographic studies us-
ing International Classification of Sleep Disorders
(ICSD) criteria*{ American Academy of Sleep Medicine
(AASM), pp 52-58}. One comparison subject was ex-
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cluded because of more persistent muscle weakness due
to postpolio syndrome. No other narcoleptic subjects or
comparison subjects were excluded due to any coexist-
ing medical or psychiatric disorder.

The survey represented a modified version of the pub-
lished 51-item cataplexy questionnaire validated by
Anic-Labat® that involved 74 patients with narcolepsy-
cataplexy and 909 comparison subjects. The positive and
negative predictive value of this tool was not reported.
The original questions were formatted differently, and
15 items were revised to aid comprehension (e.g., “quick
verbal response” was substituted for “repartee”).” Pa-
tients were asked to answer the questions about trig-
gering events based on their lifetime experience of cat-
aplexy.

The questionnaires were mailed to narcolepsy-cata-
plexy subjects who returned them in a postage-paid en-
velope. Several of the participants completed the survey
at the time of their scheduled follow-up office visits. The
survey was distributed in an ongoing fashion as part of
a narcolepsy registry, and a sample of the first 55 con-
secutive responses was used for this study. The com-
parison subjects were a convenience sample of obstruc-
tive sleep apnea patients returning for continuing care.
They were given the survey at the time of their appoint-
ment by a registered nurse (W.M.). No remuneration
was offered to participants. This study was approved by
the Institutional Review Board of the Mayo Clinic Roch-
ester. Patients indicated their voluntary consent to par-
ticipate by returning a completed questionnaire that in-
cluded a cover letter explaining the nature of the study.

Statistical Methods

The question responses were dichotomized into yes (al-
ways, sometimes, or rarely) versus no (never, unknown,
or missing). Sensitivity, specificity, and area under the
receiver-operating characteristic curve (AUC) were
computed for each question individually. Confidence in-
tervals for sensitivity and specificity were computed us-
ing the exact binomial distribution. For AUC, confi-
dence intervals were computed using the bootstrap.'
Using only the 15 questions with AUC at least 0.75, re-
cursive partitioning'' was employed to develop a deci-
sion tree. The results of this tree were summarized using
the same diagnostic measures described above. Assum-
ing cataplexy prevalence is 1 in 50 in a sleep disorders
center population, positive predictive value and nega-
tive predictive value were estimated for each question
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as well as the decision rule suggested by the results of
recursive partitioning.

RESULTS

Table 1 provides demographic and clinical data con-
cerning the narcolepsy-cataplexy subjects and compar-
ison subjects. Few of the narcolepsy-cataplexy subjects
had current or past psychiatric disorders. In both
groups, the most common coexisting psychiatric disor-
der was depression. The most common comorbid medi-
cal disorder was hypertension in four (7.2%) of the
narcolepsy-cataplexy subjects and 14 (30%) of the com-
parison subjects. Eleven (20%) of the narcolepsy-
cataplexy patients had obstructive sleep apnea. The
majority of patients with narcolepsy-cataplexy were re-
ceiving treatment from one or more pharmacological
classes at the time of the study: psychostimulants, 35
(64%); modafinil, seven (13%); antidepressants to sup-
press cataplexy, 21 (38%); and /or hypnotics to improve
nocturnal sleep, five (9%).

Table 2 shows diagnostic results for the 15 questions
with AUC greater than 0.75. Question 1, regarding
laughing results, has the highest AUC, at 0.91 (95% CI:
0.85, 0.96). Note that the AUC confidence interval for
Question 1 overlaps with the confidence intervals for 13
other questions. Recursive partitioning results sug-
gested splitting first, based on Question 1, and splitting
second, based on Question 35 (ability to hear during the
spell), providing that the answer to question 1 was yes.
The resulting decision rule is to classify patients as hav-
ing cataplexy if the answers to both questions 1 and 35
are yes and to classify patients as not having cataplexy
if the answer to either Question 1 or 35 is no.

Table 3 shows diagnostic results for this decision rule.
Sensitivity (0.95) and specificity (0.94) are nearly equal,
and the AUC (0.94) is higher than for any single ques-
tion. Additionally, the AUC confidence interval overlaps
with the confidence intervals for seven of the single
questions.
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Table 4 shows positive and negative predictive value
for the 15 questions with AUC greater than 0.75 and the
decision rule suggested by recursive partitioning. Neg-
ative predictive value is near 1.00 for all presented ques-
tions. The positive predictive value is higher for ques-
tions 32 or 31 than for the decision rule suggested by
recursive partitioning. Moreover, the positive predictive
value for Question 32 is equal to 1.00 due to lack of false
positives.

DISCUSSION

This study confirmed the results of Anic-Labat,® which
suggest that laughter (Question 1) stands out as the
emotional trigger most likely to provoke cataplexy. Pa-
tients with narcolepsy-cataplexy identified laughter as a
more consistent cause of cataplexy than other closely
related positive emotional states such as hearing a joke
(Question 19), feeling excited (Question 3), feeling elated
(Question 13), remembering a happy moment (Question
5), or experiencing an (unspecified) emotional event
(Question 6). Laughter, a behavior unique to primates,
is understudied. Studies on laughter have found that it
consists of a process with repeated fluctuations of mus-
cle activity and vocalizations spaced on average 210 ms
apart.”> A recent report published in abstract form, re-
vealed that the frontal lobe regions are activated on
functional magnetic resonance imaging scans when sub-
jects are amused but instructed not to laugh."® The fron-
tal lobes also determine social behavior and emotional
judgment. The effect of laughter on neuronal firing in
normal humans or narcoleptic subjects is unknown. Ev-
idently, the hypocretin deficiency renders the subject
vulnerable to laughter, causing abrupt transitions in
neurotransmitters, putatively with increases in cholin-
ergic activity, and reductions of norepinephrine and se-
rotonin functioning.'* The mechanism by which laugh-
ter could result in the activation of cells in the midbrain,
pons and medulla and cause inhibition of spinal moto-

TABLE 1.

Characteristics of Subjects With Narcolepsy-Cataplexy and Subjects With Obstructive Sleep Apnea

Coexisting Depressive

Male Gender Age (years) Disorder
Group N %o Mean SD N %
Subjects with narcolepsy-cataplexy 30 5 51.5 17.6 1 2
Subjects with obstructive sleep apnea 34 72 52.6 12.9 10 22

SD = standard deviation
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TABLE 2. Diagnostic Results, Sorted by Area Under the Receiver-Operating Characteristic Curve (AUC), for the 15 Questions With AUC
Greater Than 0.75

Yes Answers

Subjects With  Comparison

Cataplexy Subjects
(N =55) (N=47) Sensitivity Specificity AUC

Question N % N % Value 95% CI Value 95% CI Value 95% CI

Q1 Laugh 53 96 7 15 0.96 0.87-1.00 0.85 0.72-0.94 0.91 0.85-0.96
Q31 Slurred speech 41 75 2 4 0.75 0.61-0.85 0.96 0.85-0.99 0.85 0.78-0.92
Q50 Observed 46 84 6 13 0.84 0.71-0.92 0.87 0.74-0.95 0.85 0.78-0.92
Q19 Joke 47 85 8 17 0.85 0.73-0.94 0.83 0.69-0.92 0.84 0.77-0.91
Q4 Surprised 48 87 10 21 0.87 0.76-0.95 0.79 0.64-0.89 0.83 0.75-0.90
Q3 Excited 45 82 8 17 0.82 0.69-0.91 0.83 0.69-0.92 0.82 0.75-0.89
Q43 Break fall 48 87 11 23 0.87 0.76-0.95 0.77 0.62-0.88 0.82 0.74-0.89
Q32 Paralyzed 34 62 0 0 0.62 0.48-0.75 1.00 0.92-1.00 0.81 0.75-0.87
Q7 Verbal response 43 78 9 19 0.78 0.65-0.88 0.81 0.67-0.91 0.80 0.71-0.87
Q35 Hear 54 98 19 40 0.98 0.90-1.00 0.60 0.44-0.74 0.79 0.72-0.86
Q20 Moved 44 80 10 21 0.80 0.67-0.90 0.79 0.64-0.89 0.79 0.71-0.87
Q13 Elated 40 73 7 15 0.73 0.59-0.84 0.85 0.72-0.94 0.79 0.71-0.86
Q2 Angry 40 73 8 17 0.73 0.59-0.84 0.83 0.69-0.92 0.78 0.70-0.86
Q5 Happy moment 35 64 4 9 0.64 0.50-0.76 0.91 0.80-0.98 0.78 0.70-0.85
Q6 Emotional event 40 73 10 21 0.73 0.59-0.84 0.79 0.64-0.89 0.76 0.67-0.84

TABLE 3. Diagnostic Results for the Decision Rule Suggested by Recursive Partitioning

Yes Answer

Subjects With  Comparison Area Under the
Cataplexy Subjects Receiver-Operating
(N=55) (N=47) Sensitivity Specificity Characteristic Curve
Decision Rule N % N % Value 95% CI Value 95% CI Value 95% CI
Yes answer to Q1 and Q35 52 95 3 6 0.95 0.85-0.99 0.94 0.82-0.99 0.94 0.89-0.98

TABLE 4. Positive and Negative Predictive Values, Sorted by AUC, for the 15 Questions With AUC Greater Than 0.75 and the Decision
Rule Suggested by Recursive Partitioning

Yes Answer
Subjects With ~ Comparison
Cataplexy Subjects Negative Predictive
(N =55) (N=47) Prevalence Positive Predictive Value Value

Question or Decision Rule N % N %o Value 95% CI Value 95% CI
Yes answer to Q1 and Q35 52 95 3 6 0.02 0.23 0.12-1.00 1.00 1.00-1.00
Q1 Laugh 53 96 7 15 0.02 0.12 0.07-0.24 1.00 1.00-1.00
Q31 Slurred speech 41 75 2 4 0.02 0.26 0.12-1.00 0.99 0.99-1.00
Q50 Observed 46 84 6 13 0.02 0.12 0.07-0.29 1.00 0.99-1.00
Q19 Joke 47 85 8 17 0.02 0.09 0.06-0.20 1.00 0.99-1.00
Q4 Surprised 48 87 10 21 0.02 0.08 0.05-0.15 1.00 0.99-1.00
Q3 Excited 45 82 8 17 0.02 0.09 0.05-0.19 1.00 0.99-1.00
Q43 Break fall 48 87 11 23 0.02 0.07 0.05-0.13 1.00 0.99-1.00
Q32 Paralyzed 34 62 0 0 0.02 1.00 1.00-1.00 0.99 0.99-0.99
Q7 Verbal response 43 78 9 19 0.02 0.08 0.05-0.16 0.99 0.99-1.00
Q35 Hear 54 98 19 40 0.02 0.05 0.04-0.07 1.00 1.00-1.00
Q20 Moved 44 80 10 21 0.02 0.07 0.05-0.14 0.99 0.99-1.00
Q13 Elated 40 73 7 15 0.02 0.09 0.05-0.21 0.99 0.99-1.00
Q2 Angry 40 73 8 17 0.02 0.08 0.05-0.18 0.99 0.99-1.00
Q5 Happy moment 35 64 4 9 0.02 0.13 0.07-0.40 0.99 0.99-0.99
Q6 Emotional event 40 73 10 21 0.02 0.07 0.04-0.13 0.99 0.99-1.00

AUC =area under the receiver/operating characteristic
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neurons is currently unknown. The factors that deter-
mine the cessation of a cataplectic episode are also un-
known but are suspected to be related to increases in
norepinephrine and serotonin relative to acetylcholine.
Antidepressant medications, particularly those that in-
crease norepinephrine levels and suppress REM sleep,
reduce the frequency of cataplectic episodes.'

The analysis of the questionnaire data examined the
emotional triggers and the features of a cataplexy epi-
sode. Table 2 lists two characteristics of the episodes that
are important for clinicians to recognize: slurred speech
(Question 31) and being able to hear (Question 35). Sub-
jects with narcolepsy-cataplexy also described having
enough warning to break their fall (Question 43) and
feeling paralyzed (Question 32). The differential diag-
nosis of spells is extensive. Slurred speech (related to
muscle weakness), in the context of being able to hear
auditory stimuli, helps distinguish narcolepsy-cata-
plexy from syncope, seizures, and other spells involving
loss of consciousness. These features may also help dis-
tinguish narcolepsy-cataplexy from pseudocataplexy re-
lated to psychologic issues.'® Many subjects reported
that others had witnessed a cataplexy episode (Question
50), a condition that raises suspicion for pseudoseizures
that typically occur in public rather than solitary set-
tings. However, the social nature of laughter would ex-
plain such an observation for narcolepsy-cataplexy.

This study has several possible limitations, including
a relatively small sample size. Subjects may have had
difficulty recalling events that may have occurred in the
past, and no test-retest data are available. Another con-
cern is that there is the remote chance that subjects in
the obstructive sleep apnea comparison group had co-
existing narcolepsy-cataplexy. The dramatically clear
findings, when the responses of the two groups are com-
pared, make this unlikely, however. Nonetheless, nar-
coleptic-cataplexy patients have a higher rate of obstruc-
tive sleep apnea than the general population. The
procedure for diagnosing narcolepsy in patients with
obstructive sleep apnea involves performing additional
diagnostic testing if sleepiness persists after treatment.
The comparison group in this study is more clearly de-
fined than the one used by Anic-Labat®, which consisted
of an undifferentiated sample of patients with varied
sleep complaints, excluding clear-cut narcolepsy-cata-
plexy. Future studies could utilize a comparison group
consisting of insomnia patients or the general popula-
tion, although the utility of this questionnaire to distin-
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guish patients with narcolepsy-cataplexy is expected to
prevail.

Another potential limitation to this study is that par-
ticipants may not have correctly understood the items
on the questionnaire. Querying subjects about “muscle
weakness” following a strong emotion is difficult, par-
ticularly for comparison subjects. Cataplexy is a condi-
tion so unusual that respondents may attempt to iden-
tify an incident that matches the description. The
comparison subjects may have endorsed the experience
inappropriately if they confuse narcolepsy-cataplexy
with a syncopal spell, seizure, or other paroxysmal
event. In our opinion, patients with narcolepsy-cata-
plexy are likely to recognize immediately the unique
state they have experienced and correctly describe the
events. The resulting bias is that the questionnaire may
have resulted in false-positives in noncataplectic pa-
tients rather than false-positives or -negatives for the pa-
tients with first-hand experience of narcolepsy-cata-
plexy. Again, the robust findings reported here mitigate
this situation.

In the absence of a reliable human cataplexy test, sur-
vey research about cataplexy takes on a special impor-
tance. This study confirms the findings of Anic-Labat
that a questionnaire succeeds in identifying cataplexy in
narcolepsy-cataplexy patients compared with a compar-
ison group. This tool becomes particularly valuable if
narcolepsy with cataplexy represents a disease with a
different pathogenesis than the less common and more
controversial condition of monosymptomatic narco-
lepsy (excessive daytime sleepiness without cataplexy).
The hypocretin 1 data support this new segregation of
narcolepsy into two distinct disorders since hypocretin
deficiency has been strongly associated only with nar-
colepsy-cataplexy.'”'® If testing of cerebrospinal fluid
levels of hypocretin 1 becomes a widely accepted diag-
nostic test for narcolepsy, then it would be prudent to
verify the presence of narcolepsy-cataplexy with a valid
and reliable survey before exposing the patient to the
risks of a lumbar puncture.

The receiver-operating curve results indicate that this
lengthy survey may be distilled from 51 questions to 2
questions (experience muscle weakness when laughing
and ability to hear during the spell), with high sensitiv-
ity and specificity. In the future, an abbreviated version
should be carefully evaluated with narcolepsy-cata-
plexy patients and comparison subjects. These selected
questions could then be included into brief screening
tools for use with sleep, community, or psychiatric pa-

http://neuro.psychiatryonline.org 49



EMOTIONS AND CATAPLEXY

tients. Once narcalepsy-cataplexy is recognized as a pos-
sibility, physicians can refer patients for appropriate lab-
oratory testing. Narcolepsy-cataplexy remains an
underdiagnosed disease worldwide, largely because of
a lack of convenient and reliable screening. Comprehen-
sive surveys remain useful for research purposes for pa-
tients with identified narcolepsy-cataplexy since collect-
ing data about the disease facilitates research into this

fascinating mind-body interface. Optimistically, func-
tional neuroimaging studies that provide additional in-
formation about the specific neural pathways and neu-
rochemical interactions involved in the disease will be
performed in the future.

The authors thank Ashwin Gowda, Megan Reinalda, and
Julie Stamschror for their contributions to this study.
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