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SUMMARY

AIMS: This pilot study was designed to assess changes in psychological status, quality of life and hematologic measures
predictive of long-term health and well-being in patients with diabetes following a stress reduction and emotional self-
regulation program. METHODS: Twenty-two patients with Type 1 or Type 2 diabetes mellitus participated in a 2-day Heart-
Math workshop, a research-based program developed to reduce stress and negative affect, increase positive affect and re-
duce inappropriate autonomic nervous system activation. Self-report measures of stress, psychological status and quality of
life were administered before and six months following the intervention. Hemoglobin Alc, cholesterol and triglycerides, and
blood pressure were also assessed. RESULTS: Participants experienced significant reductions in psychological symptomatol-
ogy and negative emotions, including anxiety, depression, anger and distress, following the intervention. Significant in-
creases in peacefulness, social support and vitality were also measured, as well as reductions in somatization, sleeplessness
and fatigue. Participants showed reduced sensitivity to daily life stressors after the intervention, and quality of life signifi-
cantly improved. Regression analysis revealed a significant relationship between self-reported practice of the techniques
learned in the program and the change in HbAlc levels in patients with Type 2 diabetes. Increased practice was associated
with reductions in HbAlc. CONCLUSIONS: Results suggest that the HeartMath emotional self-regulation intervention re-
duces stress, improves psychological health, enhances quality of life and may help improve glycemic control in individuals
with diabetes. Replication of this study with a non-treatment control group is necessary to confirm these findings.
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INTRODUCTION taken to determine the effectiveness of the Heart-
Math “Heart of Wellness” stress reduction and
emotional self-regulation program in improving
hematologic measures, psychological health and
quality of life in individuals with Type 1 and
Type 2 diabetes mellitus (DM).

The importance of emotional stress in the dis-
ease process has become increasingly clear in
recent years. Anger, anxiety, worry, depression
and emotional reactivity have all been linked to
negative health outcomes [1-5]. Such chronic
emotional stress can lead to autonomic nervous
system imbalances that are involved in diabetes,
chronic fatigue and many forms of heart disease
[6-9]. Although many physicians recognize that
HeaI:tM.ath Research Center, Institute of HeartMath, their patients are suffering high levels of per-
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sonal, disease-related or job-related stress, they
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There is considerable scientific rationale to
support the integration of an effective stress re-
duction and emotional self-regulation interven-
tion program as a fundamental component in any
diabetes management regimen. Although there
is evidence that appropriate interventions can
significantly benefit patients with diabetes by im-
proving quality of life, reducing symptomatol-
ogy and potentially decreasing health care utili-
zation, few studies have been performed to in-
vestigate this specifically. This study was under-
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Individuals with diabetes commonly must
undergo extensive lifestyle changes in order to
effectively manage their disease, and frequently
suffer substantial emotional stress and negative
affect, including recurrent feelings of helpless-
ness, hopelessness, anxiety and depression [10,
11]. Studies confirm that emotional disorders
exhibit a significant comorbidity with the disease:
diabetic patients are reported to have almost
three times the rate of current and lifetime anxi-
ety and at least three to four times the rate of
current depression found in the general popula-
tion [10].

A recent report of the World Health Organi-
zation/International Diabetes Federation has un-
derscored the need for “whole-person ap-
proaches to patient care” and drawn attention to
the importance of encouraging psychological
well-being in diabetic patients. The establishment
and maintenance of psychological well-being is
recognized as an important goal of diabetes man-
agement, which is expected to reduce the occur-
rence of metabolic problems and complications
[11]. Education in emotional self-regulation may
indeed have particular clinical relevance in dia-
betes, as emotional disturbances have been as-
sociated with significantly poorer glycemic con-
trol, the increased report of clinical symptoms,
decreased compliance and increased risk of com-
plications [12-15]. Emotional stress can contrib-
ute to the exacerbation of diabetes by way of di-
rect physiological effects on glucose regulation,
as well as by reducing adherence to self-care be-
haviors [6, 16, 17].

Evidence suggests that patients” perceptions,
attitudes and stress coping styles may substan-
tially influence clinical status. For example, help-
lessness and hopelessness have been linked with
the onset and exacerbation of the disorder [18].
Ineffective coping styles characterized by anger,
high emotional arousal, avoidance, detachment
or denial may also adversely affect glycemic con-
trol as well as compliance with treatment regi-
mens [19-21]. Conversely, studies have shown
that significant relationships exist between self-
efficacy, self-care and HbAlc levels [22, 23]. The
above discussion highlights the need for practi-
cal, time-efficient and cost-effective interventions
to help patients more effectively manage stress

and regulate the self-defeating emotions that
aggravate their illness and reduce quality of life.
The Heart of Wellness program, developed
by the Institute of HeartMath (IHM), is intended
to provide patients with straightforward, easy-
to-learn techniques that enable them to reduce
or prevent psychological stress while increasing
positive affect and emotional well-being. These
tools give patients a step-by-step process to trans-
form their in-the-moment stress responses and
empower themselves to make more efficient
choices in the activities and behaviors in which
they choose to engage [24]. This, in turn, aids
them in adhering to other components of their
diabetes management program (dietary and ex-
ercise regimens, smoking cessation etc.), which
is likely to improve clinical status as well as en-
courage long-term behavioral improvements.
Physiologically, the interventions are in-
tended to decrease stress-induced autonomic and
neuroendocrine arousal and enhance the body’s
natural regenerative processes. Previous research
in both healthy populations and in individuals
with diverse clinical conditions has demon-
strated an association between the practice of
these techniques and a wide range of beneficial
health-related outcomes [25]. These include: re-
duced psychological stress and negative affect
[26-32]; increased positive affect [26-28, 30-32];
improved psychosocial functioning [26, 30-32];
enhanced cognitive performance [33]; reduced
inappropriate autonomic nervous system activa-
tion and increased parasympathetic activity [34,
35]; reduced cortisol and increased DHEA [27];
increased humoral immunity [36, 37]; and in-
creased heart rhythm coherence, synchronization
and entrainment of physiological oscillatory sys-
tems [34, 38]. The techniques have been shown
to reduce trait anxiety and symptomatology in
individuals with HIV [39], and to reduce per-
ceived stress and depression while improving
functional capacity in elderly patients with con-
gestive heart failure [29, 40]. In addition, a grow-
ing number of case histories demonstrate that
practice of the techniques taught in the program
can reduce symptomatology and improve clini-
cal status in patients with several types of car-
diovascular disease, which is a major high-risk,
high-cost complication of diabetes [40]. Notably,



practice of the interventions has been shown to
reduce blood pressure to normal levels in indi-
viduals with hypertension, a prominent cardio-
vascular risk factor in diabetic populations, with-
out the aid of other treatments or medications
[26]. Given the range of health benefits previ-
ously associated with the use of HeartMath tech-
niques, it was hypothesized that the intervention
would similarly improve key indicators of psy-
chological and physical health in a diabetic pa-
tient population.

PATIENTS AND METHODS
Patients

Thirty-five patients with either Type 1 or Type
2 DM were recruited from the local community
(Milpitas, California) through e-mail announce-
ments and notices placed at local diabetic coun-
selors” offices. All participants were recruited
throughout the same four-week time period. Of
these 35 individuals, 29 attended the interven-
tion program. Twenty-two individuals (8 male
and 14 females, mean age 49, age range 31-67)
completed the study. Fourteen of the participants
had Type 2 DM and 8 had Type 1. Written in-
formed consent for participation in the study was
obtained from each participant. Inclusion crite-
ria required participants to be between the ages
of 18 and 70, speak English, be able to arrive at
the training and test site and sign a consent form.
Subjects were excluded if they had had a major
diabetes complication requiring hospitalization
or a major life change (e.g. death in family, di-
vorce, etc.) in the previous 6 months.

Of the 7 participants who did not finish the
study, one moved from the area, one had a hear-
ing problem, four reported that they did not have
the time and one had to leave town on an unex-
pected long-term business trip and thus could
not complete the training. An analysis of the
dropouts revealed that the only significant dif-
ferences at baseline between these individuals
and those that completed the study were in the
Health (p <.05) and Neighborhood (p <.05) scales
on the QOLI survey and in Anxiety (p <.05) on
the POQA survey (see below for a description of
these measures). In all cases the dropouts had
lower scores.

Intervention

The Heart of Wellness program was deliv-
ered in two consecutive days at a local hotel
meeting room after baseline measurements were
taken. In the program, patients learned to recog-
nize and identify the specificissues, attitudes and
experiences that contribute to their stress, and to
make perceptual and attitudinal shifts to trans-
form inefficient reactions to potential stressors.
Participants were also provided with home study
materials to facilitate practice and application of
the techniques learned in the training in their
day-to-day lives. Several of the core techniques
of the intervention program are described briefly
in the following paragraphs. More detailed de-
scriptions of the techniques, their conceptual
basis and applications can be found elsewhere
[24, 25, 41-43].

Freeze-Frame [42] is a positive emotion-re-
focusing technique designed to aid people in
shifting their perception so they may effectively
deal with stressors in the moment an inefficient
stress response is recognized, or, with practice,
prevent the stress response altogether. In essence,
the technique instructs people to consciously dis-
engage from inefficient, negative mental and
emotional reactions as they occur by shifting their
attention from the mind to the area of the heart
and self-generating a sincere positive feeling
state, such as appreciation or care. This prevents
or reverses the body’s normal destructive stress
response, and changes the bodily feedback sent
to the brain [33, 34], thus arresting physiological
and psychological wear and tear. As a result of
using Freeze-Frame, one can think more clearly
and often transform an inefficient, emotionally
draining response into a proactive, creative one.
With practice, this tool can be used effectively in
less than one minute.

The Heart Lock-In emotional restructuring
technique enables people to establish and sus-
tain positive affective and physiologically coher-
ent states associated with increased parasympa-
thetic activity, improved cardiovascular function
and hormonal balance, reduced fatigue, and
heightened inner calm, emotional stability and
mental clarity [27, 38]. With practice of the tech-
nique, individuals can effectively retrain their
physiological systems to sustain longer periods



of balanced, coherent function. The technique
involves focusing one’s attention on the physi-
cal area around the heart and experiencing a sin-
cere positive feeling state such as appreciation,
while listening to music specifically designed to
facilitate stress reduction and promote mental
clarity and emotional balance [41, 44]. Regular
practice of the Heart Lock-in as part of an emo-
tional management program has been demon-
strated to decrease cortisol levels [27], which
should help improve metabolic control in dia-
betic patients.

Additional tools and techniques covered in
the Heart of Wellness program help participants
improve communication effectiveness [43] and
facilitate self-directed attitude/ behavior modi-
fications that enable the actualization of greater
self-care, a critical factor in the management of
diabetes. Exercises also facilitate the successful
integration of key concepts and interventions into
patients” disease management regimens, work
and personal lives.

Also incorporated in the program was a heart
rhythm education component. Using the Freeze-
Framer®interactive heart rhythm monitoring and
coherence-building system (HeartMath LLC,
Boulder Creek, CA), participants' heart rate vari-
ability patterns (heart rhythms) were fed back in
real-time as they practiced the Freeze-Frame and
Heart Lock-In techniques. This enabled partici-
pants to see and feel for themselves how stress
and emotions affect their autonomic nervous
system, and visualize the positive shifts in auto-
nomic function and balance they could achieve
through use of the techniques. The process also
facilitated the experience of the inner emotional
shift necessary to increase physiological coher-
ence, a state in which heart rhythm patterns be-
come more ordered and there is increased syn-
chronization and entrainment between diverse
physiological oscillatory systems [34, 38].

In addition to the initial two-day training pro-
gram, three two-hour follow-up meetings were
held once per month for the first three months to
help reinforce the use of the interventions. Dur-
ing the last three months of the study, the par-
ticipants were contacted by telephone by an IHM
certified health coach who inquired about their
use of the techniques and answered any ques-
tions.

Measures
Psychological Measures

Patients” stress, psychological health and
quality of life were assessed three weeks before
and six months after the Heart of Wellness Pro-
gram using several self-report psychological sur-
veys, described briefly below:

* Personal and Organizational Quality As-
sessment (POQA) [45]: provides a broad over-
view of an individual’s emotional stresses, so-
cial attitudes, vitality and physical symptoms of
stress. Although the survey measures both per-
sonal and job-related constructs, only the per-
sonal items were used in this study.

* Brief Symptom Inventory (BSI) [46]: used
to assess psychological symptom patterns of
medical patients. The BSI measures nine primary
symptom dimensions and provides three global
indices of distress. The Global Severity Index
quantifies a patient’s severity of illness and re-
flects the overall outcome of a treatment program
based on reducing symptom severity. The Posi-
tive Symptom Distress Index measures the in-
tensity of symptoms, while the Positive Symp-
tom Total indicates the number of patient-re-
ported symptoms.

* Daily Stress Inventory (DSI) [47]: mea-
sures the number and relative impact of common
minor stresses frequently experienced in every-
day life.

* Quality of Life Inventory (QOLI) [48]: as-
sesses overall quality of life and reveals areas of
satisfaction and dissatisfaction in 16 major areas
of life.

Physiological Measures

Each patient’s weight, blood pressure (BP),
glycosylated hemoglobin (HbAlc) and choles-
terol and triglyceride levels were assessed three
weeks before and six months following the Heart
of Wellness training.

For BP measurements, three resting, left arm
readings were obtained for each participant. The
tirst measurement was taken after a 5-minute
resting period, with 2 minutes between each suc-
cessive measurement. The average of the last two
readings was used for analysis.



The HbAlc level is considered a key indica-
tor of average glycemic control for the 2 to 3
months prior to the time a blood sample is taken.
HbAlc, which composes 3 to 6% of the total he-
moglobin in healthy individuals, is increased in
people with diabetes. Increased HbAlc synthe-
sis in diabetic individuals correlates with poorer
glycemic control, with each 1% increase in HbAlc
reflecting an increase in mean blood glucose of
approximately 30 mg/dl. As a treatment for dia-
betes becomes more effective and brings the dis-
ease under control, HbAlc levels decrease and
approach normal values [49-51]. HbAlc mea-
surements were performed by SmithKline
Beecham Laboratories (San Francisco, CA) using
an immunoturbidimetric assay.

Intervention Practice

All participants were asked to keep a record
of their practice of the Heart Lock-In interven-
tion over the course of the study by making an
entry in a logbook each time they used the tech-
nique. The Heart Lock-In was selected as the
measure of intervention practice as, (i) it is gen-
erally performed during an allotted period of
time and is thus easier to track than most of the
other techniques, which are intended for use in
the midst of potentially stressful situations; and
(i) it involves a longer time period of focused
practice than the other interventions, and is thus
particularly important in the process of
repatterning inefficient physiological and emo-
tional responses [27, 52].

RESULTS
Psychological Changes

The Wilcoxon signed ranks test was used to
analyze mean differences in the psychological
measures from time one (three weeks before the
Heart of Wellness intervention) to time two (six
months after the intervention). All statistical tests
for outcomes were performed at the p < 0.05 sig-
nificance level.

Brief Symptom Inventory

There was a significant decrease on the BSI
Global Severity Index, Positive Symptom Dis-
tress Index, and Positive Symptom Total from
time one to time two (p <.01), reflecting a reduc-

Table 1. Brief Symptom Inventory Means and Standard Deviations

Pre SD Post SD p <
Somatization 0.63 = .50 0.40 + .31 .05
Obsessive-Compulsive 0.98 + .38 0.80 + .49 ns
Interpersonal Sensitivity 0.62 = .64 0.32 + .48 .05
Depression 0.67 = .71 0.32 + .51 .05
Anxiety 0.64 = .49 0.37 £ .30 .05
Hostility 0.49 + .64 0.27 + .26 ns
Phobic Anxiety 0.24 + .40 0.07 + .16 .05
Paranoid Ideation 0.53 = .59 0.27 + .31 .05
Psychoticism 0.40 + .56 0.24 + .40 .05
Global Severity Index 0.59 = .37 0.36 + .25 .01
Positive Symptom Distress Index 1.39 £ .37 1.22 + .36 .01
Positive Symptom Total 21.52 £ 9.72 15.38 + 8.85 .01
N=22
1.20
O Before Intervention
1.00 = After Intervention

Raw Score

Figure 1. Reductions in psychological symptomatology.
Diabetic patients (n = 22) demonstrated significant reductions in
numerous psychological symptoms (Brief Symptom Inventory) after
practicing the HeartMath techniques for six months. Assessments
were conducted three weeks before the intervention program (white
bars) and six months afterwards (shaded bars). *p < .05.

tion in the severity, intensity and number of pa-
tient-reported psychological symptoms. On the
individual scales there were significant reduc-
tions in Depression, Anxiety, Phobic Anxiety,
Somatization, Interpersonal Sensitivity (feelings
of personal inadequacy, inferiority, self-con-
sciousness), Paranoid Ideation (suspiciousness,
mistrust) and Psychoticism (interpersonal alien-
ation) (p < .05) (Table 1 and Figure 1).

Quality of Life Inventory

Overall patient quality of life significantly im-
proved (p <.01) from time one to time two (Table
2 and Figure 2). Figure 2 plots the mean overall
quality of life percentile score for study partici-
pants as compared to the normative data. At time
one the participants’ mean score was near the
bottom of the average range, whereas at time two
it had moved into the high range. There were
significant improvements in the individual scales
of Health (p < .01), Self-Esteem (p < .01), Love (p
<.01) and Home (p < .05).



Table 2. Quality Of Life Inventory Means and Standard Deviations

Table 3. Personal and Organizational Quality Assessment Means and Standard

Pre SD Post SD p < Deviations
Health 1.43 + 3.46 3.19 £ 2.36 .01 Pre SD Post SD p <
Self-Esteem 1.57 +3.41 3.76 £ 1.70 01 Global Negative Emotion 2.51 + .62 1.84 + .53 .001
Goals & Values 3.52 £ 2.46 3.29 £ 2.72 ns Anger 2.60 £ .79 2.06 £ .67 01
Money 1.05 +2.58 1.24 + 232 ns Distress 2.97 + .85 221 + .78 .001
Work 2.25 +3.01 2.62 =233 ns Depression 1.97 .76 135 = .49 001
Play 0.71 =+ 3.32 171 %285 ns Sadness 251 + .87 175 £ .74 001
Leaming 1.81 £2.56 219238 =ns Fatigue 324 + 88 2.60 = .85 001
Creativity 210 + 2.43 252£227  ns Positive Emotion 414 + 64 431 + .50 ns
Helping 2.48 + 2.46 2.24 = 2.70 ns
Peacefulness 344 £ .92 3.90 + .83 .01
Love 0.14 = 4.11 2.38 = 3.12 .01 1
Friends 210 = 2.57 229 + 261 ns Vltgllty 3.65 + .70 3.95 + .67 .05
Children 200 + 3.08 319 + 325 ns Social Support 3.81 £ .80 4.25 + .65 .01
Relatives 276 + 2.61 320 + 1.74 ns Slccplcssncss 2.71 + 1.31 2.29 + 1.27 .05
Home 205 + 3.46 3.81 + 2.09 05 Anxiety 3.14 + 91 2.33 + .97 .01
Neighborhood 3.43 + 238 314 + 1.68 ns Body Aches 2.67 = 1.15 243 + .75 ns
Community 238 + 2.04 271 + 2.03 ns Indigestion 2.14 + 1.15 1.86 + .85 ns
Overall Quality of Life (raw score) 220 + 1.85 291 + 1.44 01 Rapid Heartbeats 2.05 + 1.02 1.67 + .80 ns
Overall Quality of Life (T score) 47.24 £ 14.57 53.00 = 11.10 - N=22
Overall Quality of Life (percentile) 45.24 + 35.14 60.38 + 30.95 -
N2 Table 4. Daily Stress Inventory Means and Standard Deviations
Mean SD Mean SD p <
Number of Events 21.76 + 10.21 19.86 + 9.51 ns
Impact 65.48 + 35.75 51.48 + 31.67 .05
Personal and Organizational Quality LE Ratlo 301 = 105 22286 O
N=22

Assessment

Table 3 shows the results of the POQA sur-
vey. There were significant improvements from
time one to time two in Global Negative Emo-
tion (p <.001), Anger (p < .01), Distress (p <.001),
Anxiety (p <.01), Depression (p <.001), Sadness
(p < .001), Fatigue (p < .001), Sleeplessness (p <
.05), Social Support (p < .01) Peacefulness (p <
.01) and Vitality (p <.05).

Daily Stress Inventory

Table 4 illustrates the results of the DSI as-
sessment. There was no significant change from
time one to time two in the number of stressful
events patients experienced. However, there was

Overall Quality of Life
(Raw Score)

3.50 4

*%

3.00 4

2.50

2.00

Raw Score

1.00

0.50

0.00 . ,
Pre Post

Percentile Score

a significant reduction in the impact of events
(perceived stressfulness) (p < .05) and the
Impact/Events ratio (sensitivity to the events)
(p < .05).

Physiological Changes

Hematologic, Weight and Intervention
Practice Measures

Tables 5 and 6 show participants” hemato-
logic measures (HbAlc, triglycerides and cho-
lesterol), weight and amount of practice of the
HeartMath techniques (as measured by the total
number of Heart Lock-Ins participants per-
formed during the study period).

Overall Quality of Life (Percentile)

80

70

3

8

5

8

20

60 High
45
Average
Low
Very Low
Pre Post

Figure 2. Quality of life improvements. The lefthand graph illustrates the significant increase in the group’s (n = 22) mean overall quality
of life raw score, as measured by the Quality of Life Inventory three weeks before versus six months after the HeartMath program. **p < .01.
The righthand graph plots the mean overall quality of life percentile score for study participants as compared to normative data. Before the
intervention, the group’s mean percentile score plotted very near the bottom of the average range, whereas six months after the program it

had moved into the high range.



Table 5. Physiological Measures and Intervention Practice in Type 2 Diabetic Patients:
Means andStandard Deviations

Pre  SD Post SD p <
HbAlc (%) 7.50 £ 1.69 729 + 1.25 ns
Total Cholesterol (mg/dl) 211.29 + 3896 211.57 + 38.99 ns
Trigly cerides (mg/dl) 231.64 = 103.51 217.07 + 130.46 ns
Weight (Ibs.) 203.43 + 6171 201.93 + 61.90 ns
Amount of Practice
(Number of Heart Lock-Ins) 90221 + 66.52

N=14

Table 6. Physiological Measures and Intervention Practice in Type 1 Diabetic Patients:
Means andStandard Deviations

Pre  SD Post  SD p<
HbAlc (%) 858 + 1.14 9.01 = 1.75 ns
Total Cholesterol (mg/dl) 208.38 + 5340 221.13 + 53.09 ns
Trigly cerides (mg/dl) 96.13 £ 51.94 97.00 + 36.60 ns
Weight (lbs.) 154.63 + 29.80 154.38 + 30.61 ns
Amount of Practice
(Number of Heart Lock-Ins) 45.13 + 9283

N=8

Table 7. Linear Regression Analysis of Change in HbA1lc vs. Intervention Practice
in Type 2 Diabetic Patients
2

R 43
Adjusted R 39
Std. Error 90
F 9.23
p of F .01
B Std.Error  Beta t p<

Amount of Practice
(Nunber ofHeart Lock-Ins) -01 .00 -.66 -3.04 01

There were no significant differences in mean
levels of any of the physiological measures from
time one to time two. However, a linear regres-
sion analysis indicated a significant relationship
between the amount of self-reported practice of
the interventions and the pre-post change in
HbAlc in participants with Type 2 diabetes (R?
= 43; p < .01) (Table 7). Increased intervention
practice was associated with reductions in
HbA1lc, which reflects improved glycemic con-
trol. Type 2 patients who performed the recom-
mended number of Heart Lock-Ins over the six-
month study period (=120, or 5 per week) showed
an average HbAlc reduction of 1.1%, while pa-
tients who practiced only minimally or not at all
(0-40) had an average increase in HbAlc of 0.8%.
In Type 1 subjects the regression (R* = .28) was
not significant; however, the trend was in the
same direction.

Blood Pressure

Baseline measurements revealed that there
were only 4 subjects with mild hypertension in
the study group. There were no significant dif-
ferences from time one to time two in the group
mean values for either systolic or diastolic blood
pressure.

DISCUSSION

The results of this pilot study suggest that
the Heart of Wellness program led to reductions
in emotional stress, improvements in psychologi-
cal health and enhancement of quality of life in a
diabetic population. Patients also experienced
significantly less fatigue, increased physical vi-
tality and improved perceived health at the post-
test assessment. Furthermore, results provide evi-
dence that individuals with diabetes can reduce
HbAlc levels by utilizing the HeartMath tools
and techniques. The indication that patients can
lower their HbAlc levels by using straightfor-
ward and practical stress management tech-
niques is of particular clinical relevance, as re-
search suggests that patients who are able to
maintain their levels at 7% or less reduce their
risk for complications such as blindness, kidney
disease and nerve damage [49, 53-55] and incur
significantly lower health care costs [56].

Participants’ scores on the POQA and BSI sur-
veys revealed significant reductions in stress,
negative affect and a variety of psychological
symptoms from the pre- to post-training assess-
ment. Also consistent with these outcomes were
the DSI results, which indicated that stressful
daily life events had significantly less psycho-
logical impact on participants six months after
the program. These psychological changes may
have important implications for patients’” physi-
cal health status, as there is strong evidence that
psychological stress and ineffective stress cop-
ing styles are related to a deterioration in glyce-
mic control [6, 19-21, 57]. The improvements in
the Home and Love QOLI scales and the Social
Support POQA scale are noteworthy, as stress
arising from family, friend and work sources
have been found to be particularly relevant to
both short-term and long-term glucose regula-
tion in diabetic patients. Conversely, social sup-
port has been shown to substantially buffer the
negative effects of life stress on metabolic con-
trol [16, 58, 59]. Also of note are the reductions in
symptoms of anxiety and depression, emotional
disturbances that are especially prominent in
diabetic populations and associated with signifi-
cant decrements in health, including poor glyce-
mic control and increased diabetes symptoms
and complications [12-15, 60]. Given the potent
association between emotional stress and meta-



bolic control in diabetes, we suggest that the sig-
nificant relationship between increased practice
of the techniques and reduced HbAlc levels in
patients with Type 2 DM in this study is likely
due to the reduction in stress and negative emo-
tional arousal that these individuals experienced.
At the physiological level, emotional stresses
stimulate the release of glucocorticoids and cat-
echolamines into the serum, resulting in glyco-
genolysis, gluconeogenesis and impaired glucose
tolerance in both types of diabetes [61]. This, in
effect, increases serum glucose and presumably
HbA1c. This energy-mobilizing effect is of adap-
tive importance in a healthy person. However,
in diabetic patients, because of the relative lack
of insulin (Type 1) or lack of insulin sensitivity
(Type 2), the glucose is inadequately transported
intracellularly. Thus, it is proposed that stress can
contribute to chronic hyperglycemia [62]. The
techniques taught in the intervention program
have been previously shown to increase DHEA
and reduce cortisol levels [27], changes which
should reduce stress-induced hyperglycemia.
Another pathway by which stress influences
glucose regulation is through inappropriate ac-
tivation of the autonomic nervous system (ANS),
which directly affects insulin secretion. Parasym-
pathetic activity, via the right vagus nerve, causes
an increase in insulin secretion. Sympathetic out-
tlow to the pancreas, through activation of beta-
adrenergic receptors, also stimulates insulin se-
cretion and the conversion of fat to free fatty ac-
ids, which are ultimately used by the liver for
ketone and triglyceride production. The triglyc-
erides are then packaged into VLDL (very low
density lipoprotein) and released into the serum,
thus elevating serum triglyceride levels. This pro-
cess also encourages the conversion of glycogen
to glucose in the liver. In Type 1 diabetes, char-
acterized by a loss of beta-islets and absolute in-
sulin deficiency, increased autonomic activity can
lead to glycogenolysis, hyperglycemia, free fatty
acid mobilization and possibly ketoacidosis. Al-
tered ANS activity can have an even more pro-
found effect in Type 2 diabetes where insulin se-
cretion is retained and remains under autonomic
control. Inappropriate autonomic activity can
lead to insufficient insulin release and unbal-
anced hepatic glucose output. It has been sug-
gested that impaired insulin secretion and glu-
cose utilization may be related to oversensitivity

of alpha-adrenergic receptors [63] and that hy-
perglycemia is in part a consequence of an ab-
normality in the endogenous opiate system that
may make affected individuals more susceptible
to autonomic stimulation [64].

It is likely that the reductions in HbAlc ob-
served in participants who practiced the tech-
niques was mediated in part by reductions in
stress-related autonomic activation, a hypothesis
supported by previous data [34, 35]. Based on
current knowledge, it appears that emotional
self-regulation techniques that alter autonomic
nervous system activity can facilitate the man-
agement of diabetes at the physiological level in
two key ways: by enhancing the ability of the
patient to secrete insulin, and by decreasing the
production and release of glucose and triglycer-
ides from the liver and adipose tissues. Decreased
autonomic activation and improved autonomic
balance should reduce excessive glucose produc-
tion by the liver as well as free fatty acid mobili-
zation and the resulting ketone and triglyceride
production that occurs in patients with Type 1
diabetes.

As Type 2 patients have low insulin sensitiv-
ity, their physiological “bottleneck” occurs at the
insulin/ insulin-receptor level. This “bottleneck”
is underfunctional at even normal levels of glu-
cose. It is therefore reasonable to assume that in-
dividuals with Type 2 diabetes are less able to
compensate for the higher serum glucose asso-
ciated with stress even with the use of exogenous
insulin. Thus, it is likely that diminishing serum
glucose by decreasing gluconeogenesis and gly-
cogenolysis, via stress reduction, would substan-
tially affect HbAlc levels. This method may in
fact be equally, if not more, effective in normal-
izing glucose control in Type 2 diabetic patients
as increasing exogenous insulin doses.

A practice trend also existed for the Type 1
participants, but did not achieve significance
(R*=0.28; p = 0.18). This appears to be due to an
inadequate sample size (n = 8), although it could
also reflect physiological differences between pa-
tients with Type 1 and Type 2 DM. The former
possibility is supported by the fact that reanaly-
sis of the Type 1 subjects with replication did in
fact yield a significant correlation between the
extent of Heart Lock-In practice and HbAlc lev-
els. Additionally, the Type 1 participants in this
study had a lower practice rate than the Type 2



subjects. It is possible that a higher practice rate
would have been necessary in order for a sig-
nificant practice effect to be evident in this small
sample.

Given the small patient sample size utilized
in this investigation, only two measurement
points and the lack of a non-treatment control
group, this study's results should be interpreted
with caution, as it is possible that the observed
positive changes in the study group derived from
factors other than the intervention program.
However, it is of note that HbAlc increased
among participants who did not practice the
techniques or practiced only minimally through-
out the study period, while HbAlc reductions
were associated with increased intervention prac-
tice. In addition, patients’ reports in informal in-
terviews and interactions with the trainers and
experimenters provide anecdotal evidence to
suggest that most did indeed benefit directly
from their practice of the tools and techniques.
This is further supported by comments from pa-
tients’ family members, many of whom reported
being impressed by the prominent positive
changes they observed in participants” attitudes,
behavior and overall psychological demeanor
following the intervention. Notably, during the
post-intervention follow-up period, a number of
the participants experienced major and unfore-
seen stressful life events, which included the
death of a spouse, injury in a car wreck, job
changes and the death of a cherished pet. Par-
ticipants who faced these stressors reported be-
ing able to maintain far greater peace and emo-
tional balance in addressing them than they an-
ticipated, thus lessening the intensity and dura-
tion of their distress considerably; all directly at-
tributed this to their consistent practice of the
techniques during the challenging periods.

Given the apparent effects of the interven-
tion, future controlled investigations with longer
time frames and larger sample sizes should be
designed to confirm the outcomes reported here
and to address additional parameters that are
likely to improve, such as cholesterol, high blood
pressure, cardiovascular-related complications
and health care costs. Future investigations might
turther elicit functional differences in responses
to self-management practices in Type 1 and
Type 2 diabetic patients and their relative effects
in relation to exogenous insulin utilization.

In summary, this study suggests that the
HeartMath program may reduce stress, anxiety
and depression, improve health status, and en-
hance quality of life in diabetic patients. Results
provide evidence that by intervening at the emo-
tional level, patients may be able to improve gly-
cemic control, a key indicator of successful dia-
betes management. Based on previous findings,
we suggest that reduced cortisol production, de-
creased inappropriate autonomic nervous system
activation and improved autonomic balance are
likely mediators of this effect. In conclusion, the
intervention utilized in this investigation, which
considers the patient’s mental, emotional, social
and physical health, holds promise as a practical
approach to improve the health and well-being
of individuals with diabetes.
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