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Summary: The treatment of chronic psychophysiological insomnia presents a challenge that has not been met using 
currently available pharmacotherapy. Low energy emission therapy (LEET) has been developed as a potential alter
native therapy for this disorder. LEET consists of amplitude-modulated electromagnetic fields delivered intrabuccally 
by means of an electrically conducting mouthpiece in direct contact with the oral mucosa. The effect of LEET on 
chronic psychophysiological insomnia was assessed with polysomnography (PSG) and sleep rating forms on a total 
of 106 patients at two different centers. Active or inactive LEET was administered for 20 minutes in late afternoon 
three times a week for a total of 12 treatments. Primary efficacy endpoints evaluating the results were changes from 
baseline in PSG-assessed total sleep time (TST) and sleep latency (SL). Secondary endpoints were changes in sleep 
efficiency (SE), sleep stages, and reports by the subjects of SL and TST. There was a significant increase in TST as 
assessed by PSG between baseline and post-treatment values for the active treatment group (76.0 ::+: 11.1 minutes, p 
= 0.0001). The increase for the inactive treatment group was not statistically significant. The TST improvement was 
significantly greater for the active group when compared to the inactive group (adjusted for baseline TST; p = 0.020, 
R' = 0.20). There was a significant decrease in SL as assessed by PSG between baseline and post-treatment values 
for the active treatment group (-21.6 ::+: 5.9 minutes, p = 0.0006), whereas the decrease noted for the inactive treatment 
group was not statistically significant. The difference in SL decrease between the two treatment groups was marginally 
significant (adjusted for baseline SL and center; p = 0.068, R' = 0.60). The number of sleep cycles per night increased 
by 30% after active treatment (p = 0.0001) but was unchanged following inactive treatment. Subjects did not expe
rience rebound insomnia, and there were no significant side effects. The data presented in this report indicate that 
LEET administered for 20 minutes three times a week increased TST and reduced SL in chronic psychophysiological 
insomnia. LEET is safe and well tolerated and it effectively improved the sleep of chronic insomniacs given 12 
treatments over a 4-week period by increasing the number of sleep cycles without altering the percentage of the various 
sleep stages during the night. The therapeutic action of LEET differs from that of currently available drug therapies 
in that the sleep pattern noted in insomniacs following LEET treatment more closely resembles nocturnal physiological 
sleep. This novel treatment may offer an attractive alternative therapy for chronic insomnia. Key Words: Insomnia
Sleep--Sleep stages-Electromagnetic fields-LEET -Radio frequency-Radio waves-Electromagnetics. 

The medical use of radio frequency (RF) electro
magnetic fields (EMF) has become more common in 
recent decades (1). Magnetic resonance imaging (MRI) 
devices that emit amplitude-modulated frequencies be
tween 20 and 100 MHz have become standard diag-
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nos tic tools, and even such procedures as the ablation 
of abnormally conducting pathways in the heart rely 
on RF EMF (2). Low energy emission therapy (LEET) 
is a method of delivering low levels of amplitude-mod
ulated RF EMF to humans (3). Fifteen minutes of 
LEET treatment results in electroencephalographic 
(EEG) changes in healthy volunteers (3,4) and is as
sociated with objective and subjective feelings of re
laxation (5). The present study is a double-blind, pla-
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cebo-controlled study aimed at assessing the effects of 
LEET on chronic psychophysiological insomnia. 

METHODS 

Subject screening and patient selection 

Data were obtained by the Sleep Disorder Centers 
of Scripps Clinic (La Jolla, CA) and the University of 
Colorado Health Sciences Center (Denver, CO). At 
both sites, subjects were recruited from the general 
population, largely through newspaper and radio ad
vertisements. A small percentage of the subjects (5%) 
were recruited from clinical patient populations. Pro
spective volunteers, between the ages of 21 and 55, 
were asked to contact the experimenter by telephone 
and were recruited on the basis of their having a long
standing difficulty (at least 6 months) in initiating or 
maintaining sleep, without having major medical prob
lems. 

Potential subjects, based on the telephone screening, 
were provided a sleep diary to complete over a I-week 
period and were instructed to discontinue the con
sumption of alcohol and any medications that might 
interfere with their participation in the study for at 
least 10 days prior to final consideration for study in
clusion. On the sleep diary, two of the following three 
criteria were required for inclusion: a mean sleep la
tency (SL) >30 minutes, a mean total sleep time (TST) 
<360 minutes and a mean sleep efficiency (SE; TSTI 
total time spent in bed) <85%. 

Following completion of the sleep diary, patients 
came to the Sleep Disorders Centers for a complete 
physical examination. At this time, a diagnostic inter
view was also conducted to rule out possible medical 
causes of insomnia or causes associated with major 
psychiatric or central nervous system (CNS) disorders. 
All subjects included in the study were diagnosed as 
having psychophysiological insomnia, defined as a dis
order of somatized tension and learned sleep-prevent
ing associations that results in a complaint of insomnia 
and an associated decreased functioning during wake
fulness (6). The subjects did not receive any financial 
compensation for participating in the study. 

Patients meeting all of the entry criteria were sched
uled for polysomnographic (PSG) evaluation. The 
PSG evaluation included recordings of electrooculo
gram (EOG; two channels), electroencephalogram 
(EEG; three channels), chin electromyogram (EMG; 
one channel), electrocardiogram (ECG), EMG of the 
left and right anterior-tibial muscles (two channels), 
nasal air flow, chest and abdominal respiratory effort 
and oxygen saturation. Subjects spent at least 6 hours 
but no more than 8.5 hours in bed, in private, sound
attenuated, temperature-controlled rooms. The PSG 
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records were scored using standard criteria (7). All rec
ords were reviewed by a specialist certified by the 
American Board of Sleep Medicine to ensure that ex
clusionary disturbances, such as sleep apnea or noc
turnal myoclonus, were not present. The PSG entry 
criteria were identical to the sleep diary entry criteria, 
i.e. two of the following three criteria were required 
for inclusion: a mean SL >30 minutes, a mean TST 
<360 minutes and a mean SE (TST/total time spent 
in bed) <85%. 

Study protocol 

Between February 1989 and June 1993, approxi
mately 4,200 and 2,000 subjects contacted the Sleep 
Disorder Centers of the Scripps Clinic and the Uni
versity of Colorado Health Sciences Center, respec
tively. Of these, approximately 550 subjects at Scripps 
and 200 subjects at Denver completed the initial ques
tionnaire pertaining to sleep history and patterns as 
well as the I-week sleep diary. Of these 750 subjects, 
all but 242 were disqualified either because they were 
not interested in the study or because of the medical 
or psychiatric exclusionary criteria. A total of 242 sub
jects had PSG performed, and 110 were eligible by 
PSG to enter the protocol. From these, four were found 
ineligible based on other than PSG criteria. 

Subjects were randomized to active or inactive (pla
cebo) treatment groups and began receiving treatment 
1-3 weeks after the screening PSG. Phase I consisted 
of 30 patients randomized at Scripps Clinic. Phase II 
consisted of 76 patients randomized at Scripps Clinic 
and the University of Colorado Health Sciences Cen
ter. Simple randomization to the active or inactive 
group was used for all phase I patients and for the first 
37 phase II patients. At this point a baseline analysis 
revealed an imbalance between the active and inactive 
treatment groups. To correct for a possible baseline 
difference in sleep parameters between the two treat
ment groups, a stratified randomization scheme (8) 
was therefore implemented. The last 39 patients were 
stratified by gender, as well as by the PSG parameters 
of TST and SL at baseline. The team of investigators 
was given device numbers to protect the blinding of 
the study, and the code was only broken after all pa
tients had finished the study. During the study, each 
patient was assigned either an active or inactive de
vice, and the same device was used for all treatments. 
LEET devices were checked weekly by a research as
sistant unaware of subject assignment to ensure their 
active/inacti ve status. 

Eight subjects dropped out due to personal reasons 
unrelated to the LEET device, and one was excluded 
from the PSG analysis because he developed influenza 
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FIG. 1. Low energy emission therapy (LEET). The subject places 
the mouthpiece in the mouth and holds it between the tongue and 
the palate for the duration of the treatment. 

during the last week of treatment. As a result, 97 sub
jects were available for evaluation. 

LEET treatments were administered at the Sleep 
Disorders Centers with the patient lying on a bed in a 
quiet, dimly lit room, with eyes closed, holding the 
coaxial cable of the device with either hand or simply 
keeping the mouthpiece in the mouth between the 
tongue and the palate for the duration of the treatment 
(Fig. 1). Each of the 12 treatments was administered 
between 3:00 and 8:00 p.m., three times per week, for 
a total of 4 weeks. On the night of the last treatment, 
a post-treatment PSG, identical to the first, was per
formed. 

The protocol of the trial was performed in agree
ment with the human subjects committees and ap
proved by the two sleep centers' institutional review 
boards (lRBs). All subjects signed an IRB-approved 
informed consent. 

LEET device 

The LEET device has been described previously (3). 
The amplifier operates at 27.12 MHz. A microproces
sor (no. 8048; Intel, Hillsboro, OR) controls signal am
plitude, enabling a modulation frequency bandwidth of 
0.1 Hz to 10 kHz. The signal generator is connected 
to a spoon-shaped mouthpiece coated with aluminum 
by a 1.5-m-Iong coaxial cable. This mouthpiece is held 
between the tongue and the palate for the duration of 
the treatment and is therefore in direct electrical con
tact with the oral mucosa. The construction of the de
vice prevents any ohmic contact between the subject 
and electric ground. An impedance transformer be-

tween mouthpiece and cable reduces any impedance 
mismatch between generator, cable and subject. These 
features result in limiting the variation in the output 
power of the device (using a sinusoidal modulated test 
signal) to 100 m W ::': 20% under any treatment con
dition and assure that the induced specific absorption 
rate (SAR) values are below the American National 
Standards Institute-Institute of Electric and Electronic 
Engineers (ANSI-IEEE) and International Radiation 
Protection Association (IRPA) safety limits defined for 
the general public (9-11). 

The microprocessor of the device is programmed to 
control the duration of the session, the modulation fre
quencies, the sequence of modulation frequencies and 
the duration of each sequence. The modulation depth 
for all frequencies was 90 ::': 5%. The LEET program 
used for this study was the LEET P40@l. This program 
consists of a set of four amplitude-modulated frequen
cies selected specifically for the treatment of insomnia. 

Parameters measured 

Primary efficacy endpoints consisted of changes in 
SL and TST between the screening night and the night 
of the last treatment as assessed by PSG. Secondary 
efficacy endpoints consisted of changes in PSG-as
sessed SE and changes in patient reports of SL and 
TST. Patient reports of sleep were assessed daily with 
sleep diaries and sleep rating forms for 1 week before 
the beginning of the study and during the 4-week treat
ment period. Sleep stages and sleep cycles were also 
analyzed. Additionally, the profile of mood states 
(POMS) and the Hopkins self symptom checklist 
(HSCL) were administered before the beginning of the 
study and once every week during the study to eval
uate the impact of LEET on mood, daytime activity 
and the subjective well-being of the patients. 

Safety monitoring 

Side effects were monitored throughout the study 
and at the end of the study by asking the patient 
whether he or she had experienced any side effect dur
ing the trial. The weekly administered HSCL also as
sessed a wide range of possible side effects. 

Statistical analysis 

For the primary efficacy endpoints, multiple linear 
regression analysis was used to compare differences in 
change scores (post-pre) between the two treatment 
groups (12). A step-down approach was performed to 
choose among models adjusting for the study phase, 
the baseline factors used to stratify the randomization 
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TABLE 1. Demographics of the study group 

Age 
ScrippslDenver (years) Median Range Gender 

Active (n = 53) 38.7 :t 1.1 38 21-52 33F/20M 
Inactive (n = 53) 39.4 :t 1.1 41 22-55 26F/27M 
All (n = 106) 39.0 :t 0.7 40 21-55 59F/47M 

Age is expressed as mean :t standard error of the mean (SEM). 

(center, gender, TST and SL) and age. In addition, 
stratified Wilcoxon Rank Sum tests were applied (13). 
Results were consistent between model-based and non
parametric statistical tests. A similar analysis was per
formed for the PSG sleep-stage variables. All reported 
p values are from two-sided tests. When they are based 
on the regression model providing the best fit to the 
data in the presence of the treatment effect they are 
from two-sided t tests adjusted for the other covariates 
in the model. Post-hoc subgroup analyses were per
formed for each of the PSG-assessed sleep parameters. 
The subgroups of interest were patients who had val
ues at baseline above and below the median for the 
corresponding parameter. Multiple linear regression 
techniques and stratified Wilcoxon Rank Sum tests 
were again applied. 

For the secondary efficacy endpoints consisting of 
longitudinally collected patient reports of sleep param
eters, random effects models were used (14). At each 
study week the difference in sleep parameters from 
baseline was compared between the two treatment 
groups. The models were adjusted for study phase and 
stratification factors at randomization, allowing for an 
individual random effect. The model that best fit the 
data was chosen based on the likelihood ratio statistic. 

Another analysis examined whether there was a 
trend over time in the magnitude of the differences 
between the two treatment groups. A third analysis 
examined whether rebound insomnia was present in 
the first or second day following therapy among pa
tients assigned to active treatment. Both the magnitude 
of the rebound effects and the trends over time were 
examined using a linear regression model with a ran
dom effect for individual. 

At each study week, linear regression was used to 
detect any differences between the two treatment 
groups in changes from the baseline evaluation as as
sessed by the POMS and the HSCL rating scales. 

RESULTS 

Demographics of subject population 

The median age of the subjects was 40. There were 
59 females and 47 males. There were no significant 
differences in age and gender distributions among the 
treatment groups (Table 1). 
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TABLE 2. PSG analysis 

Total sleep time (minutes) 

Pre Post Change p-value 

Active n 53 49 49 
Mean 293.9 366.0 76.0 
SEM 9.3 10.4 11.1 0.0001 

Inactive n 53 48 48 
Mean 322.1 343.9 20.0 
SEM 8.4 14.5 13.5 0.15 

p-value 0.026 0.22 0.020 

Sleep latency (minutes) 

Pre Post Change p-value 

Active n 53 49 49 
Mean 38.2 18.4 -21.6 
SEM 6.1 2.0 5.9 0.0006 

Inactive n 53 48 48 
Mean 35.3 27.8 -6.0 
SEM 4.1 5.4 6.0 0.32 

p-value 0.69 0.11 0.068 

Sleep efficiency (%) 

Pre Post Change p-value 

Active n 53 49 49 
Mean 63.5 78.6 16.0 
SEM 1.9 1.8 2.0 0.0001 

Inactive n 53 48 48 
Mean 67.9 73.7 5.5 
SEM 1.7 2.8 2.5 0.035 

p-value 0.082 0.14 0.01l 

The p-values related to treatment comparisons are based on the 
regression model providing the best fit to the data in the presence 
of the treatment effect. 

PSG analysis 

There was a significant increase in TST after treat
ment in the active treatment group (76.0 ± 11.1 min
utes, p = 0.0001). The increase for the inactive treat
ment group was not statistically significant (20.0 ± 
l3.5 minutes, p = 0.15) (Table 2). In a regression 
model, after adjusting for baseline TST differences (p 
= 0.0008), the TST improvement was significantly 
greater for the active group when compared to the in
active group (p = 0.020, R2 = 0.20). 

Baseline values of TST, one of the two primary ef
ficacy endpoints, differed significantly between the ac
tive and the inactive treatment groups. A possible ex
planation for the increase in TST in the active treat
ment group would be that the greater improvement 
was simply due to "regression to the mean". This was 
accounted for in the analysis, however, by adjusting 
for the baseline values. The differences in change 
scores remained statistically significant between active 
and inactive treatment group after adjustment. Addi
tionally, analysis of the worst sleepers subgroups, de
fined by a median split of baseline sleep parameters, 
i.e. subgroups with similar baseline sleep parameters, 
showed that TST increased significantly more in the 
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TABLE 3A. PSG analysis of the worst sleepers 

Active n 
Mean 
SEM 

Inactive n 
Mean 
SEM 

p-value 

Active n 
Mean 
SEM 

Inactive n 
Mean 
SEM 

p-value 

Active n 
Mean 
SEM 

Inactive n 
Mean 
SEM 

p-value 

Total sleep time (minutes) 
(Baseline TST :5314.6 minutes) 

Pre Post Change p-value 

30 29 29 
254.3 354.2 101.9 

11.2 15.1 15.6 0.0001 

23 20 20 
267.2 311.7 41.4 

8.2 22.2 21.0 0.064 

0.36 0.11 0.023 

Sleep latency (minutes) 
(Baseline SL 227 minutes) 

Pre Post Change p-value 

24 23 23 
69.5 22.8 -48.4 
10.4 3.2 9.7 0.0001 

29 25 25 
53.1 39.1 -13.5 

5.4 9.5 10.9 0.23 

0.17 0.11 0.082 

Sleep efficiency (%) 
(Baseline SE :567.7%) 

Pre Post Change p-value 

29 29 29 
54.3 74.6 20.3 

2.2 2.4 2.8 0.0001 

24 22 22 
56.7 67.4 9.6 

1.5 4.3 4.1 0.Q28 

0.39 0.15 0.064 

The p-values related to treatment comparisons are based on the 
regression model providing the best fit to the data in the presence 
of the treatment effect. TST = total sleep time; SL = sleep latency; 
SE = sleep efficiency. 

active (101.9 :::'::: 15.6 minutes) than in the inactive 
(41.4 :::'::: 21.0 minutes) treatment groups (p = 0.023) 
(Table 3a). Such a phenomenon is not consistent with 
regression to the mean. 

There was a significant decrease in SL after treat
ment for the active treatment group (-21.6 :::'::: 5.9 min
utes, p = 0.0006), whereas the decrease noted for the 
inactive treatment group was not statistically signifi
cant (-6.0 :::'::: 6.0 minutes, p = 0.32) (Table 2). In a 
regression model for the change scores (post-pre), ad
justing for baseline (p = 0.0001) and center (p = 
0.030), the treatment effect approached significance (p 
= 0.068, R2 = 0.60). 

SE increased by 16.0 :::'::: 2.0% (p = 0.0001) and 5.5 
:::'::: 2.5% (p = 0.035) in the active and inactive treat
ment groups, respectively (Table 2). In a regression 
model, after adjusting for baseline SE differences (p 
= 0.0002), the SE improvement between the groups 
was significantly higher for the active group (p = 
0.011, R2 = 0.23). 

For each of the sleep parameters, the regression mod-

TABLE 3B. PSG analysis of the better sleepers 

Active n 
Mean 
SEM 

Inactive n 
Mean 
SEM 

p-value 

Active n 
Mean 
SEM 

Inactive n 
Mean 
SEM 

p-value 

Active n 
Mean 
SEM 

Inactive n 
Mean 
SEM 

p-value 

Total sleep time (minutes) 
(Baseline TST >314.6 minutes) 

Pre Post Change p-value 

23 20 20 
345.6 383.2 38.3 

6.0 12.5 10.4 0.0016 

30 28 28 
364.2 366.9 4.6 

6.5 18.3 17.4 0.79 

0.046 0.47 0.10 

Sleep latency (minutes) 
(Baseline SL <27 minutes) 

Pre Post Change p-value 

29 26 26 
12.3 14.6 2.2 

1.1 2.4 2.2 0.33 

24 23 23 
13.7 15.4 2.2 

1.5 3.3 3.6 0.55 

0.45 0.85 0.90 

Sleep efficiency (%) 
(Baseline SE >67.7%) 

Pre Post Change p-va1ue 

24 20 20 
74.5 84.3 9.7 

1.0 2.1 2.0 0.0001 

29 26 26 
77.2 79.0 1.9 

1.0 3.3 3.0 0.53 

0.069 0.19 0.052 

The p-values related to treatment comparisons are based on the 
regression model providing the best fit to the data in the presence 
of the treatment effect. TST = total sleep time; SL = sleep latency; 
SE = sleep efficiency. 

el presented here provides the best fit to the data in the 
presence of treatment. For all three, this model includes 
the corresponding baseline value; for SL the effect of 
center is significant as well. In addition to the PSG
assessed values at baseline and center, study phase, age 
and gender alone or in combination were considered 
for inclusion in the model. These other factors were not 
significant when added to the model and thus were ex
cluded from the final model. Interaction of treatment 
with the corresponding baseline was found to be non
significant as well for all three sleep parameters. 

The change in TST correlated highly with the 
changes both in SE (correlation = 0.95) and SL (cor
relation = -0.44). Hence, the improvement in TST 
noted after treatment may be partially due to a de
crease in SL and to the sleep consolidation occurring 
as a result of the increase in SE. 

Subgroup analysis 

Subjects with sleep parameter values (TST, SL, SE) 
above and below the median at baseline were classified 
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as such into subgroups. Results for both subgroups are 
shown in Tables 3A and 3B. For the group with a 
baseline TST less than or equal to the median (314.6 
minutes), LEET led to an increase in TST that was 
more than twice that seen in the inactive treatment 
group. The two treatment groups had comparable base
line TST, and the difference between baseline and 
post-treatment scores in the two groups was significant 
(p = 0.023). No significant effect was found when 
using regression models to determine the effect of oth
er factors (baseline TST, center, age, gender, study 
phase) in each subgroup. For the subgroup with base
line TST > 314.6 minutes, a marginally significant dif
ference was detected between the active and inactive 
treatment groups (p = 0.10). 

For the group with baseline SL equal to or above 
the median (27 minutes), LEET treatment resulted in 
a mean SL decrease of >48 minutes (p = 0.0001) 
compared to 13.5 minutes following inactive treatment 
(p = 0.23). The model that best fits the data in the 
presence of treatment (p = 0.082) included the base
line SL (p = 0.0001). No other factors (baseline strat
ification factors, age, study phase) were significant 
when included in the regression model in this sub
group. For the subgroup with baseline SL <27 min
utes, the differences noted in the two treatment groups 
were almost identical (p = 0.90). 

A subgroup analysis was also performed on subjects 
with SE below the median at baseline. For the group 
with baseline SE less than or equal to the median 
(67.7%), LEET treatment increased SE by >20% (p 
= 0.0001) compared to <10% for the subjects in the 
inactive treatment group (p = 0.028). The model that 
best fit the data in the presence of treatment (p = 
0.064) included the baseline SE (p = 0.008) and age 
(p = 0.016). No other significant effect was found 
when using regression models to determine the effect 
of other factors (other baseline stratification factors, 
study phase) in this subgroup. For the subgroup with 
baseline SE >67.7%, the difference between the two 
groups was marginally significant (adjusted for base
line SE, p = 0.052). 

Sleep stage analysis 

There were no statistically significant differences 
between the two treatment groups for the change in 
the amount of time spent in stages 1, 3 and 4 non
rapid eye movement (NREM) sleep (Table 4). Stage 2 
NREM sleep was markedly increased after active treat
ment (49.8 ± 8.3 minutes, p = 0.0001), whereas it 
was practically unchanged following inactive treat
ment (5.6 ± 8.2 minutes, p = 0.50) (Table 4). Treat
ment and age were found to have a significant effect 
on the change in stage 2 NREM sleep (p = 0.0003 
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and p = 0.026, respectively). No other factors, includ
ing the baseline stage 2 NREM sleep, had a significant 
effect when included in the model. 

NREM sleep increased by 53.5 ± 9.4 minutes (p = 
0.0001) and 12.6 ± 10.3 minutes (p = 0.23) in the 
active and inactive groups, respectively (Table 4). Af
ter adjusting for baseline (p = 0.0001), the increase in 
NREM sleep was significantly higher for the active 
group (p = 0.035). No other factors were significant 
when added to the model. 

The increase in rapid eye movement (REM) sleep 
was three times greater following active (22.5 ± 3.5 
minutes, p = 0.0001) than following inactive treatment 
(7.3 ± 4.9 minutes, p = 0.15) (Table 4). After adjust
ing for baseline REM sleep differences (p = 0.0001), 
the treatment effects were marginally significant (p = 
0.063). Adjusting for center, study phase, age and gen
der did not affect these findings. 

Changes in wake after sleep onset (WASO) and in 
the number of awakenings were not found to be sig
nificantly different between the two treatment groups 
(adjusted for baseline and age, p = 0.65, and adjusted 
for baseline and center, p = 0.10, respectively). 

Sleep cycle analysis 

The number of sleep cycles, determined by the num
ber of REM sleep periods recorded by PSG, was as
sessed before and after active or inactive LEET (Table 
5). The number of sleep cycles per night increased 
significantly, by 30%, after active LEET treatment (p 
= 0.0001). Following inactive treatment, however, the 
number of sleep cycles did not change (p = 0.27). A 
statistically significant difference was found in the 
change in the number of sleep cycles between the two 
treatment groups (p = 0.033). There was no significant 
change in sleep cycle duration in either of the treat
ment groups. 

Analysis of patient reports of sleep 

Subjects filled out sleep rating forms and sleep di
aries daily throughout the study. For each patient, data 
were obtained from the sleep rating form whenever 
available and from the sleep diary when the sleep rat
ing form was either not available or not filled out cor
rectly. The baseline sleep measures were obtained by 
averaging the results of a morning-after questionnaire 
administered following the first PSG and the results 
obtained during the baseline week. 

During every treatment week, the mean increase in 
TST was longer after active than inactive treatment. 
The difference in improvement, however, was not sta
tistically significant in the presence of baseline TST 



TREATMENT OF INSOMNIA WITH LEET 333 

TABLE 4. PSG sleep stage analysis 

Pre Post Change 
(n) Mean 2: SEM (n) Mean 2: SEM (n) Mean ± SEM 

Number of awakenings 
Active 53 21.7 ± 1.6 49 19.6 ± 1.5 49 -1.6 ± 1.5 
Inactive 53 24.4 ± 1.8 48 19.6 ± 1.7 48 -5.7 ± 1.5 
p-value 0.27 1.0 0.10 

Stage 1 sleep (minutes) 
Active 53 41.9 ± 3.5 49 39.6 ± 2.9 49 -0.9 ± 3.2 
Inactive 53 39.6 ± 3.2 48 37.2 ± 3.1 48 -3.6 ± 3.7 
p-value 0.62 0.58 0.52 

Stage 2 sleep (minutes) 
Active 53 166.6 ± 6.2 49 214.6 ± 7.8 49 49.8 ± 8.3 
Inactive 53 192.5 ± 6.2 48 199.3 ± 9.5 48 5.6 ± 8.2 
p-value 0.0037 0.21 0.0003 

Stage 3 sleep (minutes) 
Active 53 23.7 ± 2.,4 49 27.3 ± 2.6 49 4.3 ± 2.8 
Inactive 53 22.7 ± 2.4 48 26.0 ± 2.8 48 5.0 ± 2.9 
p-value 0.79 0.74 0.84 

Stage 4 sleep (minutes) 
Active 53 15.3 ± 2.3 49 15.9 ± 3.0 49 0.3 ± 2.6 
Inactive 53 13.7 ± 2.3 48 18.9 ± 3.3 48 5.6 ± 3.2 
p-value 0.64 0.51 0.26 

NREM sleep (minutes) 
Active 53 247.5 ± 7.8 49 297.4 ± 8.5 49 53.5 ± 9.4 
Inactive 53 268.5 ± 6.8 48 281.4 ± ILl 48 12.6 ± 10.3 
p-value 0.043 0.25 0.035 

REM sleep (minutes) 

Active 53 46.5 ± 3.7 49 68.6 ± 3.9 49 22.5 ± 3.5 
Inactive 53 53.7 ± 3.1 48 62.5 ± 4.6 48 7.3 ± 4.9 
p-value 0.14 0.31 0.063 

WASO (minutes) 

Active 53 128.9 ± 7.3 49 75.5 ± 6.3 49 -54.8 ± 7.5 
Inactive 53 116.5 ± 8.2 48 85.1 2: 8.8 48 -31.3 ± 11.2 
p-value 0.26 0.38 0.22 

Values are given as mean ± SEM. The p-values related to treatment comparisons are based on the regression model providing the best 
fit to the data in the presence of the treatment effect. W ASO = wake after sleep onset. 

(week 4 adjusted, p = 0.89). The center and study 
phase were not significant when included in the ran
dom effects model. Similarly, during every treatment 
week, the patient-reported sleep latency decreased 
more in the active than in the inactive treatment group, 
but these differences were not statistically significant 
in the presence of baseline SL (week 4 adjusted, p = 
0.49). 

Subgroup analyses for the groups above and below 

TABLE 5. Sleep cycle analysis 

Number of sleep cycles per night 

Pre Post Change p-value 

Active n 53 49 49 
Mean 2.83 3.65 0.84 0.0001 
SEM 0.17 0.17 0.19 

Inactive n 53 48 48 
Mean 3.02 3.31 0.23 0.27 
SEM 0.13 0.19 0.21 

p-value 0.39 0.19 0.033 

baseline for the corresponding sleep parameter were 
performed. There were no significant treatment differ
ences detected in any of the subgroup analyses. 

Trend analysis 

A trend analysis was performed for both subjective 
TST and SL. For TST, there was a significant trend by 
week towards longer sleep (slope = 3.47 minutes! 
week, p = 0.027), but the treatment difference, al
though in favor of active treatment, was not significant 
(20.31 minutes, p = 0.13). For SL, there was a mar
ginally significant trend by week towards shorter SL 
(slope = -1.98 minutes!week, p = 0.075), but the 
treatment difference, although in favor of active treat
ment, was not significant (-14.18 minutes, p = 0.25). 

Rebound insomnia 

Subjective TST and SL measurements obtained for 
the first and, when available, the second night follow-
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TABLE 6. Side effects data (n = 106) 

Side effect 

Headache 
Tingling sensation 
Fatigue 
Increased awareness of dreaming 
Metallic taste 
Decreased severity of headache 
Itching sensation 
Blue halo around eyes during treatment 
Weight gain 
Soreness 

* 1.9%. 

Active 
n = 53 

1* 
1* 
0 
5 (9.4%) 
0 
1* 
1* 
1* 
0 
0 

Inactive 
n = 53 

3 (5.7%) 
1* 
1* 
0 
1* 
0 
0 
0 
1* 
1* 

ing active treatment were analyzed to assess the pres
ence or absence of rebound insomnia (15,16). For sub
jective TST, there was a consistently positive change 
from baseline at all weeks for both the first and second 
day after therapy. For SL, there was a consistently neg
ative change from baseline at all weeks for both the 
first and second day after therapy. The slight trend 
towards increased subjective TST and decreased sub
jective SL as compared with baseline after the first and 
second night following LEET treatment indicates that 
there was no conclusive evidence of rebound insom
nia. 

Psychometrics 

POMS depression, fatigue, tension and vigor 
changes were similar in the active and the inactive 
treatment groups. There was no difference in changes 
between the active and the inactive treatment groups 
with respect to the different subscales of HSCL. 

Side effects 

No side effects of significance were reported by any 
of the subjects during the study, and no subject 
dropped out because of side effects. However, in
creased awareness of dreaming (without nightmares) 
was reported by 5 of the 53 subjects (9.4%) receiving 
active treatment (Table 6). None of the subjects re
ceiving inactive treatment reported a similar phenom
enon (Table 6). 

DISCUSSION 

Treatment of chronic psychophysiological insomnia 
is a challenge that has not been met with success using 
currently available pharmacotherapy (17,18). Addi
tional therapies are therefore needed for chronic in
somnia (19,20). 

The data presented in this report suggest that LEET 
is safe, well-tolerated and effectively improves the 
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sleep of chronic insomniacs offered 12 LEET treat
ments over a 4-week period. Due to the rigorous entry 
criteria of these studies, only patients with a severe 
form of chronic insomnia were selected. Indeed, at 
baseline, the patients enrolled in this study had a TST 
of <6 hours as assessed by sleep diaries and PSG. 
Active LEET treatment resulted in an increase of 
> 1.25 hours after 4 weeks of treatment as assessed by 
PSG, i.e. a 26% increase in TST. 

A normal SL, as assessed by PSG, was achieved in 
the LEET group (18.4 minutes), whereas SL in the 
inactive group remained at a value usually considered 
abnormal (27.8 minutes). SE, another relevant PSG pa
rameter, did not differ between groups at baseline, but 
there was nearly a three-fold higher increase following 
active treatment than following inactive treatment. 

The increase of NREM sleep noted after active 
treatment was largely due to the increased duration of 
stage 2 sleep. Stage 2 sleep accounted for 93% of the 
increase in TST. Stage 2 is the first unequivocal sleep 
stage, and it has been shown to be increased following 
treatment with benzodiazepines but not with imida
zopyridines. In contrast to benzodiazepines, stages 3 
and 4 sleep were essentially unchanged, and there was 
a trend towards a REM sleep increase following active 
treatment with LEET. 

In essence, LEET results in a significantly increased 
number of sleep cycles of normal duration and struc
ture. Stage 2 NREM sleep is prolonged without af
fecting REM or stages 3 and 4 sleep, and there is a 
normal change in sleep with sleep extension. Hence, 
in chronic insomniacs LEET increases the duration of 
sleep without alteration of the percentage of the vari
ous sleep stages and differs from the therapeutic action 
of currently available drug therapies. 

The subgroup analyses indicate that LEET, besides 
being an effective treatment modality for chronic in
somnia, yields variable responses among insomniacs. 
Indeed, a disproportional therapeutic effect was noted 
in the most severe insomniacs with respect both to SL 
and TST as assessed by PSG. This may be another 
feature differentiating LEET from pharmacological 
therapy, which has been reported to affect equally the 
sleep of poor and good sleepers. No memory loss, 
mood change, daytime sedation or hangover was noted 
among patients receiving active LEET either in this 
study or previous studies (21). The increased aware
ness of dreaming was experienced by most patients as 
a positive side effect, and it may well be related to the 
nearly significant REM sleep increase noted after 4 
weeks of active LEET when compared to the inactive 
treatment group. 

Subjective data analysis from other studies seems to 
indicate that the onset of efficacy of LEET happens at 
around the 18th treatment day, i.e., after seven or eight 
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LEET treatments (22). Additional studies will be need
ed to assess the exact onset of LEET action in chronic 
insomnia. 

Unlike benzodiazepine agonists and barbiturates, 
LEET may be administered several hours before bed
time on an every-other-day basis. LEET discontinua
tion does not appear to induce rebound insomnia. 
Moreover, careful assessment of psychometrics does 
not suggest any daytime fatigue or other therapy-re
lated side effects. 

Sleep change assessment was performed using a sin
gle-night PSG as pre- and post-treatment evaluation. 
This experimental design has been used in recent stud
ies assessing the effects of hypnotics (23,24). In order 
to demonstrate hypnotic efficacy, however, additional 
studies will be needed. 

Some hypothesis may be advanced with respect to 
the mechanism underlying the effect of LEET. The de
livery of RF EMF to the brain during LEET, i.e. the 
specific absorption rate (SAR), is roughly a thousand 
times lower than the SAR generated during an MRI 
examination (25). At these levels of exposure, calcium 
release from neural cells has been shown to be affected 
both in vitro (26,27) and in vivo (28). Low levels of 
EMF have been shown to modify the release of gam
ma-aminobutyric acid (GABA) (29) and more recently 
the concentration of benzodiazepine receptors in the 
brain of rats (30). Also, low levels of EMF have been 
shown to modify the release of melatonin in mammals 
(31). Laboratory studies will be needed to assess 
whether similar biochemical changes occur in patients 
treated with LEET. 
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