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OBJECTIVE — There is conllicting evidence regarding the utility of stress management train-
ing in the treatment of diabetes. The few studies that have shown a therapeutic effect of stress
management have used time-intensive individual therapy. Unfortunately, widespread use of
such interventions is not practical. The aim of the present investigation is to determine whether
a cost-effective, group-based stress management training program can improve glucose metab-
olism in patients with type 2 diabetes and to determine whether a particular subset of patients is
more likely to get positive results.

RESEARCH DESIGN AND METHODS — Patients with type 2 diabetes were random-
ized to undergo a five-session group diabetes education program with or without stress man-
agement training. Participants (n = 108) were followed for 1 year, during which HbA, _ tests and
questionnaires assessing perceived stress, anxiety, and psychological health were administered at
regular intervals to evaluate treatment effects.

RESULTS — Stress management training was associated with a small (0.5%) but significant
reduction in HbA, .. Compliance with the treatment regimen decreased over time but was similar
to that seen in patients receiving stress management for other reasons in the clinic. Trait anxiety
(a measure of stable individual differences in anxiety proneness) did not predict response to
treatment, showing that highly anxious patients did not derive more benefit from training.

CONCLUSIONS — The current results indicate that a cost-effective, group stress manage-
ment program in a “real-world” setting can result in clinically significant benefits for patients with

type 2 diabetes.
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t is widely recognized that stress may

have negative effects on health and that

patients with type 2 diabetes may be at
increased risk. The experience of stress is
associated with the release of counter-
regulatory hormones and energy mobili-
zation, often resulting in elevated glucose
levels (1,2). In addition, stress can disrupt
diabetes control indirectly through effects
on diet, exercise, and other self-care be-
haviors. Several studies have demon-
strated a relationship of stress to glycemic

control in samples of patients with type 2
diabetes (3,4). Stress can be managed
through the use of behavioral stress man-
agement programs or through the admin-
istration of anxiolytic medications. Both
types of interventions have been reported
to improve glycemic control in patients
with type 2 diabetes (5-7).

Stress management training typically
includes progressive muscle relaxation
(PMR) with or without electromyography
biofeedback, mental imagery, diaphrag-
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matic breathing, and instructions on how
to modify the physiologic, cognitive, and
behavioral responses to stress. Stress
management and PMR have been shown
to be very effective in the treatment of
disorders with a psychophysiological
component such as migraine (7,8). Surwit
and Feinglos (9) conducted the first con-
trolled investigation of PMR on a sample
of 12 patients with type 2 diabetes who
had reported frequent stress hypergly-
cemia. The intervention group showed
a reduction in incremental glucose area
from preintervention to postintervention,
whereas this change was not seen in the
control group. However, because the
PMR training and the evaluations were
conducted during a single week-long hos-
pitalization, the generalizability of these
findings to outpatient treatment was not
known. Furthermore, in a follow-up
study, these investigators were unable to
find similar effects in a sample of patients
with type 1 diabetes (10).

Since that study, several investiga-
tions have examined the effects of stress
management training or discrete compo-
nents of stress management training in an
outpatient setting, but the findings have
been inconclusive. Positive effects on blood
glucose have been reported in two case
studies (11,12) and in a randomized trial
of 18 adults undergoing individualized
stress management including biofeed-
back-assisted PMR (5,13). However,
other studies have failed to demonstrate a
therapeutic effect of stress management on
diabetes control (14,15).

There may be several explanations for
these mixed results. First, there may be a
particular subset of diabetes patients who
benefit from stress management training.
For example, this intervention may be
particularly suited to individuals who are
stress-responsive or highly anxious. Lane
et al. (5) showed that highly anxious pa-
tients with type 2 diabetes benefited more
from PMR or benzodiazepines than low-
anxious patients with type 2 diabetes. In
contrast, two recent studies observed that
low-anxious and stress-unresponsive
subjects improved more after stress man-
agement training (15,16) than highly
anxious patients. Therefore, the question
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remains whether such training is helpful
for all diabetic patients and, if not, who is
more likely to benefit. Second, the mixed
results may also be due to differences in
treatment methods. Many of the behav-
ioral interventions that have been used
successfully were staff-intensive, using
costly one-to-one techniques (11-16),
whereas the results of group training have
been mixed (5,15). Individual training is
not practical in the average clinical setting
because of poor third-party reimburse-
ment for psychotherapeutic interventions.
The purpose of the present investigation
is to examine the efficacy and feasibility of
cost-effective outpatient group-stress
management training. In addition, we will
examine whether stress management is
more effective in treating high-anxious
than low-anxious diabetic patients.

RESEARCH DESIGN AND
METHODS

Subjects

Patients with type 2 diabetes were re-
cruited through local advertisements,
Duke University Outpatient Clinics, gen-
eral medical facilities, and diabetes edu-
cation and support groups. The study was
advertised as a study of stress and diabe-
tes. Subjects were men and women aged
=30 years with diabetes currently man-
aged with diet, exercise, and/or oral med-
ications. Exclusion criteria included prior
training in relaxation or stress manage-
ment, current use of a psychoactive drug,
current psychiatric treatment, use of insu-
lin, inability to read and write English,
pregnancy or lactation, and significant
ongoing acute or chronic illness or other
conditions that would preclude the dona-
tion of the required amount of blood. A
total of 113 volunteers were enrolled and
completed the initial assessment. Five
subjects were excluded due to normal
glucose tolerance at baseline. Their data
are not included in the analyses (see Table
1 for sample characteristics). From the
sample of 108 patients, 72 completed the
study (38 treatment and 34 control sub-
jects). The greatest attrition occurred dur-
ing the treatment phase, when 26 patients
dropped out or were terminated (5 con-
troland 11 treatment subjects were termi-
nated for missing classes, the remaining 6
treatment and 4 control subjects withdrew
for other reasons, including illness, work
commitments, and need to begin insulin
therapy).

Table 1—Sample characteristics at baseline

Surwit and Associates

Control group

Intervention group

(n = 48) (n = 60)

Sex

Male 27 (56.2) 36 (60)

Female 21 (43.8) 24 (40)
Race

Caucasian 42 (87.5) 51 (85)

African-American 5(10.4) 9 (15)

Asian 12.1D 0
Age (years) 58.33 £11.33 56.53 £ 10.15
BMI (kg/m?) 30.40 = 7.74 29.49 = 5.85
HbA,. (%) 754 £ 134 8.14 £2.11*
STAI-trait 43.73 = 12.59 42.55 = 9.98
STAl-state 33.98 £ 8.99 36.58 £ 11.47
GHQ 51.25 £ 10.07 52.58 £ 949
PSS 2398 £ 9.67 24.67 £ 8.35
DASI 40.67 = 16.29 30.23 £ 14.72

Daily caloric intake

1,872.96 * 487.23

2,172.95 = 669.90*

Data are n (%) or means = SD. *P < 0.05

Measures

The main outcome variable in this study is
HbA, . as an indicator of metabolic con-
trol over the previous 3 months. In addi-
tion, perceived stress, anxiety, and
psychological health were assessed by
self-reported instruments as indicators of
the effectiveness of stress management
training in reducing stress and anxiety or
improving psychological health. Addi-
tional data were collected on weight,
physical activity, and diet because
changes in these variables could poten-
tially confound an improvement in HbA, .
otherwise attributed to stress manage-
ment training. Data were collected with
the following instruments and tech-
niques.

HbA, . Over the course of the study,
HbA, . was measured by three different
methods: 1) affinity chromatography
(17), 2) radioimmunoassay (reference
range 4.1-5.7 [Hitachi 911 chemistry an-
alyzer; Roche Diagnostics, Branchburg,
NJJ, and 3) ion exchange high-
performance liquid chromatography (ref-
erence range 4.3—6.0 [A;. 2.2 Plus; Tosoh
Medics, Foster City, CAJ). All tests were
conducted in a standard clinical labora-
tory that has met the requirements to be
certified by the National Glycohemoglo-
bin Standardization Program. The results
determined by the high-performance liquid
chromatography method were mathemati-
cally converted to the immunoassay equiv-
alents before data analysis. Because no

mathematical conversion was available for
the results obtained with affinity chroma-
tography, all analyses were rerun, excluding
the patients in whom HbA | _ levels were as-
sessed with chromatography (n = 10). No
major differences in results were found, and
it was decided to leave these patients in the
analyses that are reported.

Spielberger State-Trait Anxiety Inven-
tory. The Spielberger State-Trait Anxiety
Inventory (STAD) (18) is a well-known
tool used to measure current level of ten-
sion and apprehension (Y-1 form-state
anxiety) as well as relatively stable anxiety
proneness (Y-2 form-trait anxiety). The
20 items are scored on a scale of 0-3;
higher scores indicated higher anxiety.
Perceived Stress Scale. The Perceived
Stress Scale (PSS) (19) is a 14-item self-
report tool used to provide a global measure
of perceived stress in daily life. Responses
range from “never” to “very often” on a
5-point scale. The PSS has adequate reliabil-
ity and correlates well with life-events stress
measures and social anxiety.

General Health Questionnaire. The 20-
item version of the General Health Ques-
tionnaire (GHQ) (20) is a widely used
self-report psychiatric screening instru-
ment that covers all aspects of adjustment
and feelings of distress.

BMI. BMI was calculated as body weight
(kg) divided by height (m) squared.
Dietary intake. Total daily energy and
macronutrient intake was assessed and
analyzed by a research nutritionist (regis-
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tered dietitian) using 24-h recall method-
ology and the nutrient analysis program
Nutritionist IV (First Data Bank, San
Bruno, CA). The recall methodology was
supplemented by questioning and a pro-
fessional estimate of the validity of the
data using the previous day’s intake. In
cases in which the intake was determined
to be atypical, the recall focused on the
most recent typical day.

Duke Activity Status Index. The Duke
Activity Status Index (DASI) (21) is a 12-
item scale that was developed as a brief
self-report measure to assess exercise ca-
pacity using questions about activities of
daily living. This tool has been validated
against a physiologic measure of func-
tional ability and addresses activities that
encompass the major aspects of physical
function: ambulation, personal care, sex-
ual function, recreation, and household
tasks. The tool allows for estimates of
change in exercise ability and physical
limitations.

Procedures

For all procedures of this year-long study,
patients visited Duke University Medical
Center. During the trial, subjects re-
mained under the care of their personal
physicians. At baseline, informed consent
was obtained; HbA, ., STAI, PSS, GHQ,
DASI, diet, and weight were measured,
and subjects were randomized to either
the control or treatment group. In the first
2 months of the study, subjects were re-
quired to attend five weekly small-group
class sessions that provided general dia-
betes education (control group) or stress
management plus diabetes education
(treatment group). Missing more than one
session (treatment) or more than two ses-
sions (control) resulted in study termina-
tion. At 2, 4, 6, and 12 months after
baseline, subjects returned for the assess-
ment of HbA,., STAI (state only), PSS,
GHQ, DASI, diet, and weight. All study
procedures were approved by the Duke
University Medical Center Institutional
Review Board.

Diabetes education. Diabetes education
consisted of five 30-min sessions focusing
on general diabetes facts (such as physi-
ology, prevalence, signs, and symptoms),
complications (including foot, eye, and
dental care), healthy eating, and generic
information about treatments for diabe-
tes. The classes were developed to match
the nonspecific factors of treatment but
also as a control intervention, the goal of

which was to avoid influencing the sub-
jects’ routine diabetes care. There was no
discussion of specific recommendations
or glycemic goals.
Stress management program. The
stress management program included 1)
PMR training, 2) instruction in the use of
cognitive and behavioral skills to recog-
nize and reduce physiological stress levels
(such as recognition of major stressors in
life, guided imagery, thought-stopping,
and deep breathing), and 3) education on
the health consequences of stress. PMR
training consisted of consecutively tens-
ing and relaxing a prescribed set of mus-
cle groups in the body, starting with the
feet and progressing through the head,
with specific attention paid to tense re-
gions of the body. This was combined
with techniques such as deep breathing
and mental imagery to produce a deeply
relaxed state of mind and body.
Participants learned PMR in part by
listening to an audiotape during each
group session. They also were instructed
to practice muscle relaxation at home
twice daily with the aid of the tape, first
using a longer exercise to achieve relax-
ation and then advancing to a shorter ver-
sion. After some skill was developed,
mini-practices were introduced. Mini-
practices are a brief, 30-s version of a PMR
session using deep breathing and imag-
ery. Incorporation of mini-practices into
daily life to maintain a relaxed body and
mind is the eventual goal of PMR training.
Participants were instructed to engage in
mini-practices at least two times per hour.
During the last session, patients were en-
couraged to keep practicing their ac-
quired skills during the remainder of the
study. This included incorporating fre-
quent mini-practices into daily life as well
using the relaxation tape during more
stressful periods or when their skills
needed enhancement. During the fol-
low-up assessments at 2, 4, 6, and 12
months, patients in the treatment group
were asked how many times they listened
to the audiotape in a typical week and
how frequently they used mini-practices
in a typical day.

RESULTS — Preliminary analyses (Stu-
dent’s t test) compared the treatment and
control groups at baseline. These compar-
isons revealed that, despite random as-
signment to group, there was a significant
difference between treatment and control
in baseline levels of the primary outcome

variable, HbA .. The two groups also dif-
fered in total caloric intake at baseline.
However, treatment and control groups
did not differ at baseline in BMI or in
scores for the STAI-trait, STAlI-state,
GHQ, DASI, or PSS. Group means and
standard deviations are presented in Ta-
ble 1.

Given the baseline difference in
HbA,, the decision was made to use co-
variance analysis to test the effects of
treatment on glucose regulation. The re-
peated measures of HbA, . collected at 2,
4, 6, and 12 months of study were ana-
lyzed with treatment group and time in-
cluded as the two factors and with
baseline levels included as a covariate to
adjust for initial differences. Heterogene-
ity of regression was tested to ensure the
validity of the covariance adjustment. Sta-
tistical analysis was accomplished using
SAS Proc Mixed (version 8.0; SAS Insti-
tute, Cary, NC).

The initial mixed-model regression
analysis included the four replicate mea-
sures as levels of a class variable to pro-
vide an omnibus test of differences among
time points. This analysis revealed a sig-
nificant interaction of treatment group
and time F(3,219) = 2.56, P = 0.05),
indicating that the effects of treatment
varied over time. The regression analysis
provided estimated values for HbA . for
the two groups and the four follow-up
points, and these values are shown in Fig.
1. A second mixed-design regression
analysis was performed to test the linear
effects of time after treatment and the in-
teraction of time with treatment. This
analysis also revealed a significant group-
by-time interaction [F(1,223) = 5.39,
P = 0.02], providing evidence that the
linear component of HbA, . changes over
time differed in the treatment and control
groups. Using coefficients provided in the
solution of this regression equation, the
linear effects of time were plotted in Fig.
1, which clearly shows the difference be-
tween groups, a general decrease in
HbA, . over time in the group receiving
stress management treatment, and a grad-
ual increase in the group receiving diabe-
tes education alone. The plot of the linear
effects shows the contrasting downward
and upward trends of the treatment and
control groups more clearly. The differ-
ence between groups becomes apparent
only at the 12-month follow-up, when
stress management and education control
groups differ by ~0.5% in HbA | .. At this
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Figure 1—Treatment-related changes in HbA,_ with statistical adjustment for baseline levels.
The linear component of change is shown by the straight line.

time point, 32% of the stress management
subjects had HbA, . levels that were lower
than baseline by 1% or more. In contrast,
only 12% of the control subjects had lev-
els that were this much lower. This differ-
ence was statistically significant by x* test
()(2 = 4.08, P = 0.04). These analyses
support the hypothesis that stress man-
agement training would improve glyce-
mic control over time, although data
suggest that the benefits may take several
months to appear and may be modest in
size.

To test the hypothesis that stress
management training would benefit sub-
jects who had higher anxiety, we tested
mixed regression models that included
baseline levels of trait anxiety (STAI-trait)
as a factor, along with factors for treat-
ment group and time and baseline levels
of HbA, . as a covariate. However, neither
the effect of baseline trait anxiety score
nor any of the interactions with treatment
and time was significant. These results
provide no evidence to support the hy-
pothesis that stress management training
is of greater benefit to subjects who began
the training with higher levels of anxiety.
This analysis was repeated with data from
the treatment group alone and, again, the
effects of baseline trait anxiety and the in-
teraction with time were not significant.
Additional analyses examined the effect of
treatment on measures of perceived
stress, anxiety, and general psychological
health. Although treatment and control

groups did not differ at baseline on any of
these measures, the covariance approach
was again used to assess changes over
time in these variables. Scores on the PSS,
STAl-state scale, and the GHQ collected
at 2, 4, 6, and 12 months were analyzed
individually by mixed-design regression,
with treatment group and time as experi-
mental factors and baseline levels of each
measure as a covariate. These collected
analyses provided no evidence of effects
attributable to stress management training,
All of the main effects and interactions of
treatment group were nonsignificant. The
main effect of time was also nonsignifi-
cant.

Changes in diet and physical activity
were evaluated by analyses of calorie con-
sumption based on diet analysis and
scores on the DASI. Mixed-design regres-
sions testing the 2-, 4-, 6-, and 12-month
follow-up data as repeated measures with
the baseline value as a covariate revealed
no effects of treatment group or group-
by-time interactions. Therefore, neither
diet nor physical activity changed in a way
that could have produced the observed
effect on glycemic control.

Consistent with standard stress man-
agement training, after subjects had suc-
cessfully learned to relax, they were
instructed to reduce formal practice with
the relaxation tape. However, they were
free to use the tape as often as they
wished. They were instructed to use the
“mini-practices” they had learned to in-
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duce the relaxation response whenever
appropriate to manage stress in their daily
lives. Self-reports collected at follow-up
visits revealed that subjects did transition
from formal practice. Shortly after com-
pletion of training, subjects in the stress
management group reported using the
cassette tape an average of 3.2 times per
week, and one in five reported that they
did not use the tape at all. At 12 months of
follow-up, the group average was 0.7
times per week, and roughly three quar-
ters of the subjects reported not using the
tape at all. At 2 months, the average re-
ported number of daily “mini-practices”
was 4.3, and at 12 months, the average
number had decreased to 0.8 per day.
Therefore, evidence suggests that subjects
did decrease formal practice over time, as
they learned to use the techniques during
daily life.

Comparisons were made to deter-
mine whether subjects who completed
the 12-month study differed from those
who dropped out at any time before com-
pletion, using Student’s ¢ test for contin-
uous variables and the x* test for
categorical variables. The dropout group
differed only in age (54.3 vs. 58.9 years
for completers) and did not differ in du-
ration of diabetes, baseline BMI, levels of
HbA,, or scores on the STAI-trait, PSS, or
GHQ instruments. Proportions by sex,
race, and treatment group did not differ.
Therefore, failure to complete the study was
not related to any of the study variables.

CONCLUSIONS — The findings from
this investigation support the efficacy of
outpatient stress management training for
the improvement of glycemic control in
patients with type 2 diabetes. At the end
ofa 1-year follow-up period, patients who
received training in stress management
skills demonstrated approximately a
0.5% reduction in HbA, . relative to con-
trol patients. Although this change was
modest, improvements of <0.5% in
HbA, have been associated with a signif-
icant reduction in risk of microvascular
complications (22). Furthermore, by the
end of 1 year, 32% of the stress manage-
ment subjects had HbA . levels that were
lower by =1%. In contrast, only 12% of
the control subjects had levels that were
this much lower. Although previous stud-
ies using more intensive one-to-one inter-
ventions have shown that stress
management can improve glycemic con-
trol, this is the first demonstration that a
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simple, cost-effective group approach can
have a meaningful therapeutic impact.

It is interesting that the impact of
stress management did not become evi-
dent before the 12-month data collection
point. Control and experimental patients
both showed decreased HbA,. up to 6
months. However, after that point, the av-
erage blood glucose of control subjects
deteriorated, while that of stress manage-
ment subjects continued to improve. This
effect was not due to changes in BMI, diet,
or exercise in the stress management
group, because the two groups did not
differ on these variables over the 12-
month course of the study.

Practice data from this study suggest
that subjects complied with treatment in-
structions as patients in our other stress
management programs. Subjects had been
instructed to decrease formal practice with
the tape as they gained proficiency in relax-
ation. Although we have no data to prove
that patients began to internalize cues for
relaxation as formal practice waned, a sim-
ilar decrease in formal practice is seen in our
clinic population undergoing stress man-
agement for other conditions. It does seem
that clinical improvements may not require
continued daily practice to be effective.

The second aim of this study was to
examine whether patients with higher
levels of anxiety would respond more to
treatment. Remarkably, baseline trait
anxiety did not predict treatment effects.
This finding adds to controversial litera-
ture demonstrating that highly anxious
(5), stress-responsive (9), and low-
anxious individuals (13) benefit differen-
tially from stress management training.
Although these previous studies reported
effects of individual differences in anxiety
proneness, we could not replicate these
findings in the current investigation.

Even though a modest group-based
stress management program was success-
ful in improving glycemic control in this
study, stress management training may
not be an option for every patient. Previ-
ous investigations have shown that anxi-
olytic therapy with benzodiazepines can
also improve glucose metabolism in dia-
betes (5,6). Although chronic benzodiaz-
epine therapy is not a desirable option for
glucose control, diabetic patients who re-
spond to benzodiazepines have been
shown to be more likely to respond to
relaxation training (5). Therefore, pa-

tients who have adverse metabolic control
due to acute stress might be treated ini-
tially with benzodiazepines and then
started on a behavioral stress manage-
ment program. Nevertheless, this study,
combined with previously published lit-
erature, suggests that stress management
can be a meaningful addition to a compre-
hensive treatment program for patients
with type 2 diabetes.
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