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Abstract Behavioral treatments for diabetes have often been unsuccessful and may benefit
from a better understanding of the relative effects of two common treatment foci - decreased
weight and increased volume of physical activity - on blood glucose. Overweight and obese
adults (N = 59; M,,. = 60 years) with hemoglobin A1c (HbA1c) values consistent with diabetes
participated in a 6-month community-based behavioral treatment based on tenets of self-
efficacy theory and social cognitive theory. The treatment was associated with significantly
increased physical activity, reduced body mass index (BMI), and reduced HbA1c levels (ps <
.001). Changes in BMI and physical activity accounted for a significant portion of the variance in
change in HbA1c, R? = .13, p = .023. Change in volume of physical activity, p = -.36, p = .007, but
not change in BMI, = -.03, p = .792, significantly contributed to the variance in HbA1c change
that was accounted for. There was no effect based on the sex of participants. Discussion focused
on how findings might impact the efficacy, efficiency, and application of behavioral treatments
for diabetes management.
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All rights reserved.

Resumen Los tratamientos conductuales para la diabetes a menudo han tenido éxito, y se
pueden beneficiar de una mejor comprension de los efectos relativos del tratamiento de dos
focos comunes -pérdida de peso y aumento de actividad fisica- sobre la glucosa en sangre.
Adultos con sobrepeso y obesos (N = 59; M = 60 anos), con la hemoglobina A1c (HbA1c) y con
diabetes, participaron durante 6 meses en un tratamiento conductual basado en principios de la
teoria de la auto-eficacia y la teoria cognitiva social. El tratamiento se asocié con el aumento
de actividad fisica de forma significativa, la reduccion del indice de masa corporal (IMC), y la
reduccion de los niveles de HbA1c (ps < 0,001). Los cambios en el IMC y la actividad fisica pre-
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sentaban una parte significativa de la varianza en el cambio en la HbA1c, R? = 0,13, p = 0,023.
El cambio en la cantidad de actividad fisica § = -0,36, p = 0,007, pero sin cambiar el IMC, B =
-0,03, p = 0,792, contribuy¢ significativamente a la varianza en el cambio de HbA1c encontra-
do. No hubo un efecto segun el sexo de los participantes. La discusion se centré en como los
resultados podrian afectar la eficacia, la eficiencia y la aplicacion de tratamientos conductuales
para el tratamiento de la diabetes.

© 2012 Asociacion Espafiola de Psicologia Conductual. Publicado por Elsevier Espaia, S.L.

Todos los derechos reservados.

The behavioral treatment of diabetes has been challenging
and often unsuccessful. A reduction in excess weight
through improved eating, and increased physical activity,
are common foci of treatments. Nagrebetsky et al. (2012)
and Yoshida et al. (2008), for example, demonstrated a link
between obesity and elevated blood glucose levels. Other
researchers (e.g., Snowling & Hopkins, 2006; Umpierre et
al., 2011) identified physical activity to be a predictor of
improved glucose levels in diabetics. In two studies, Boulé,
Haddad, Kenny, Wells, and Sigal (2001) and Boulé, Kenny,
Haddad, Wells, and Sigal (2003) showed an effect of physical
activity on hemoglobin A1c (HbA1c) that was independent
of weight loss, however, their analyses did not test effects
of weight loss and increased physical activity relative to
one another. This limited the applied value of their
findings.

Both eating and physical activity behaviors have been
extremely resistant to change (Annesi, 2010, 2012; Burgos-
Garrido, Gurpegui, & Jurado, 2011). This is evidenced by
almost two-thirds of the U.S. population being overweight
or obese (Flegal, Carroll, Ogden, & Curtin, 2006), and less
than 4% completing even the minimum recommendation of
weekly physical activity (Troiano et al., 2009). This persists
even with great amounts of physical activity and nutrition
information present. Although concentrating on just one of
these behaviors may, initially, be most beneficial (given the
practical restraints of limited professional time and
treatment resources), it is unclear whether increased
physical activity or reduced weight is of greater importance
for successfully managing diabetes.

The aim of the present investigation was to estimate the
relative benefits of reduced weight and increased physical
activity on blood glucose levels in overweight/obese adults
with diabetes. If, for example, weight loss is demonstrated
to be the best predictor of reduced blood glucose, then a
structured behavioral treatment focused on healthy eating
may be a priority (Wing & Phelan, 2005). If increased
physical activity is shown to be the better predictor, then
facilitation of an evidence-based exercise support protocol
may be most beneficial (Annesi, 2012). Acommunity setting
was used to enhance generalizability of findings so that
they may readily benefit treatments (Glasgow, 2008).

Method

Participants

Adults from Canada were referred by medical professionals
because of diagnosed overweight/obesity and diabetes.

Inclusion criteria were: (a) age > 18 years, (b) no regular
exercise (self-reported < 20 min per week average over the
previous year), (c) overweight or obesity (BMI > 25 kg/m?),
and (d) a HbA1c percentage consistent with the international
standard for diabetes (> 6.5). A medical clearance to
participate was required from a physician. Participants
provided written informed consent and all study processes
were in accord with the Declaration of Helsinki. The 38
women and 21 men (M, = 59.8 years, SD = 3.4) had a
racial/ethnic make-up of 90% Caucasian and 10% of other
racial/ethnic groups. Most were in the lower to middle
income ranges.

Measures

Volume of exercise. The Godin Leisure-Time Exercise
Questionnaire (Godin, 2011) measured volume of exercise.
It requires reporting of weekly frequencies of strenuous
(“heart beats rapidly”) (e.g., running), moderate (“not
exhausting”) (e.g., fast walking), and light (“minimal
effort”) (e.g., easy walking) exercise for “more than 15
minutes” per session. Responses are then multiplied by 9,
5, and 3 standard metabolic equivalents (Jette, Sidney, &
Blumchen, 1990), respectively, and summed for a final
score. Test-retest reliability over 2 weeks was .74 (Godin,
2011), and construct validity was supported by significant
correlations with scores of accelerometer and peak volume
of oxygen uptake measurements (Jacobs, Ainsworth,
Hartman, & Leon, 1993; Miller, Freedson, & Kline, 1994).

Hemoglobin A1c (HbA1c). HbA1c was measured by high
pressure liquid chromatography and reported in percentage
of hemoglobin bound with glucose or glycohemoglobin
(Tankova, Chakarova, Dakovska, & Atanassova, 2012). This
measure presents an individual’s average blood glucose
level over approximately 3 months.

Body mass index (BMI). BMI was assessed through
measurement of height and weight, and expressed as kg/m?.

Procedure

Each participant was introduced to a certified wellness
professional that administered a structured nutrition and
exercise support protocol within 6 monthly meetings of 30
min each (Annesi, 2012). The setting was private offices
within community centers that administer health promotion
services. Participants were instructed in an array of self-
regulation methods (e.g., cognitive restructuring, stimulus
control, dissociation) to counter common barriers to
exercise and healthy eating. These methods, based on
social cognitive and self-efficacy theory (Bandura, 1986,
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Table 1 Changes in study factors from baseline to Month 6 (N = 59).
Baseline Month 6 U P 95% ClI d
M sD M sD
Body mass index (BMI; kg/m?) 35.27 6.62 34.24 6.78 -5.60 < .001 -1.39, -.66 .16
Physical activity (METs/week) 21.12 14.34 28.37 13.73 4.75 < .001 4.19, 10.31 .51
Hemoglobin A1c (HbA1c) % 8.00 1.38 7.65 1.45 -4.02 < .001 -.53, -.18 .25

95% Cl, 95% confidence interval; BMI, body mass index; d, Cohen’s measure of effect size; METs, metabolic equivalents; SD, standard

deviation.
Note. t tests were two-tailed.

1997), incorporated goal setting and progress feedback
where even minor improvements were communicated and
displayed as successes in order to improve feelings of self-
efficacy and competence. The cognitive-behavioral
treatment was supported by a computer application where
behavioral contracts consistent with a participant’s short-
term goals were derived and tracked during each meeting.
Tracking of daily exercise completion and food consumption
was explained and encouraged, throughout. Methods of
relapse prevention were also used to prepare for both
situations that could prompt non-adherence, and indicate
how to re-engage appropriate behaviors at times when
compliance was not maintained.

Exercise plans were individually developed with modalities
(e.g., walking, bicycling) chosen by participants. Each plan
included at least three 20-30 min sessions of moderate
cardiovascular activities per week. Eating plans were also
individually tailored based on individual preferences.
Uniformly, they included a reduction in fat and an increase
in fruits and vegetables. Recommendations on physical
activity and/or nutrition by participants’ physicians were
accommodated. Personal identifiers were removed prior to
data being transferred for analyses and reporting.

Data analysis

The treatment was completed by 71% of participants.
Multiple imputation was used for the 14% of measure scores
that were missing at Month 6. Statistical significance was
set at a = .05 (two-tailed), with the Bonferroni adjustment
applied for multiple tests. Dependent t tests were first
employed to assess within-group changes over the 6-month
treatment. Changes in BMI and volume of physical activity
were then simultaneously entered into a multiple regression
equation as predictors of HbA1c change. Evaluation of
change was based on recent suggestions (Glymor, Weuve,
Berkman, Kawachi, & Robins, 2005), and change scores on
all measures were calculated by subtracting the baseline
score from the score at program end, unadjusted for
baseline values.

Results

BMI, volume of physical activity, and HbA1c each significantly
improved (Table 1). The effect sizes were small for BMI and

HbA1c change, and moderate for change in volume of
physical activity. Changes in BMI and volume of physical
activity accounted for a significant portion of the variance
in change in HbA1c, R* = .13, F, 5 = 4.05, p = .023. Change
in volume of physical activity, p = -.36, SE = .01, p = .007,
but not change in BMI, § = -.03, SE = .06, p = .792,
significantly contributed to the explained variance in HbA1c
change. These results did not appreciably differ when
baseline scores on BMI and HbA1c were controlled (thus,
corresponding findings are not reported). Entering
participants’ sex into the regression equation did not add
to the variance explained, AR? = .00, F, 5s = 0.001, p = .981.
Age of participants was homogenous so it was not entered
into the analysis. The relationships between increased
physical activity and reduced BMI, both not controlling
and controlling for baseline values, were significant and
marginally significant (rs = -.26, p = .050 and -.25, p =
.060, respectively).

Discussion

Results suggested a superior effect of increased physical
activity on blood glucose in contrast with reduced weight.
This has clinical significance because, while each measure
is an independent predictor of improvements in health
risks, findings supported an emphasis on increasing physical
activity and exercise over dieting for weight loss in the
behavioral treatment of diabetes. However, because the
treatment utilized was associated with only small changes
in weight (a mean of 3%), and a greater effect on weekly
volume of physical activity, this may have affected the
findings somewhat. The small effect of HbA1c may indicate
that sustained behavioral change may be required before
clinically important improvements in the management of
diabetes are realized. Although research from Toledo et al.
(2007) supported the present findings by demonstrating
that increased energy expenditure through physical activity,
but not weight reduction, was associated with skeletal
muscle cell mitochondria improvement (proposed to be a
strong predictor of glucose control), it is clear that
considerable replication is required to increase confidence
in findings. For example, larger and more diverse samples,
evaluated over longer periods, will improve generalizability
of the results. Also, enhanced experimental control by
better accounting for adherence to exercise and diet, is
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required. It is hoped that related research will continue to
examine components of behavioral interventions in applied
settings so that their increased effectiveness and efficiency
may benefit the growing, but treatable, health pathology
of diabetes
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