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Improvement in glycemic control following a diabetes education
intervention is associated with change in diabetes distress
but not change in depressive symptoms
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Abstract In diabetes patients, depression is correlated
with diabetes-specific emotional distress, and observational
studies have suggested that diabetes distress may have a
greater impact on diabetes outcomes than depression itself.
To examine the relative effects of change in depressive
symptoms and change in diabetes distress on change in
glycemic control, we conducted a diabetes self-management
education intervention in 234 type 2 diabetes (T2DM)
patients, and measured glycemic control (HbA1c), depressive symptoms (CES-D), and diabetes distress (PAID) at
baseline and 6 months. In multiple linear regression, change
in depressive symptoms was not associated with change in
HbA1c (P = 0.23). Change in diabetes distress was significantly associated with change in HbA1c (P \ 0.01), such
that a 10-point decrease in diabetes distress (which corresponds to the average change in distress in this study population) was associated with a 0.25% reduction in HbA1c.
Change in diabetes distress, and not change in depressive
symptoms, was associated with both short- and long-term
change in glycemic control for patients with poorly controlled T2DM.
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Introduction
Depression is two to three times more prevalent in diabetes
patients compared to the general population (Ali et al.
2006; Fisher et al. 2008), and the combination of diabetes
and depression has been associated with diabetes-related
morbidity and mortality (Egede and Ellis 2010; Lin et al.
2010). The relationship between depression and poor glycemic control in diabetes patients has been well-studied
and was supported in a large meta-analysis published in
2000 (Lustman et al. 2000), as well as in a recent meta
analysis by van der Feltz-Cornelis et al. (van der FeltzCornelis et al. 2010). This more recent meta analysis
analyzed different types of depression interventions, and
while no effect was found for collaborative care and only a
small effect was found for pharmacological interventions, a
moderate effect was found for psychotherapeutic interventions on glycemic control. However, three of the five
psychotherapeutic interventions included a diabetes education component, and it is unclear whether the psychotherapy or this education was driving the change in
glycemic control.
Contrary to these positive findings, recent reviews of
pharmacologic and non-pharmacologic treatments for
depression found that these treatments did not improve diabetes outcomes (Petrak and Herpertz 2009; Wang et al.
2008), and recent prospective studies, including one cognitive behavioral therapy intervention in depressed patients
(Georgiades et al. 2007), found no association between
depression and glycemic control (Aikens et al. 2009; Fisher
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et al. 2010; Georgiades et al. 2007). These recent studies
have raised concerns with the earlier positive findings,
including the use of populations which included both type 1
and type 2 diabetes patients (Cohen et al. 1997; de Groot et al.
1999; Eaton et al. 1992; Konen et al. 1996; Lustman et al.
1986; Mazze et al. 1984; Van Tilburg et al. 2001), crosssectional study designs (Cohen et al. 1997; de Groot et al.
1999; Konen et al. 1996; Van der Does et al. 1996; Van
Tilburg et al. 2001), or less rigorous methods of measuring
depression (Konen et al. 1996; Van der Does et al. 1996).
The early positive findings for the relationship between
depression and glycemic control may be explained in part
by the fact that depression is correlated with diabetesspecific emotional distress in diabetes patients (Kokoszka
et al. 2009; Pouwer et al. 2005), and this distress, rather
than depression itself, may be driving the positive association with glycemic control. This hypothesis is supported
by a recent cross-sectional study which reported that diabetes-specific emotional distress mediated the association
between depressive symptoms and glycemic control (van
Bastelaar et al. 2010). A second recent observational study
reported that diabetes distress, and not depression or
depressive symptoms, was associated with glycemic control (Fisher et al. 2010). However, no analyses related to
the relative impact of distress versus depression on glycemic control have been conducted in the context of an
intervention aimed at improving these outcomes.
Given the high prevalence of depression in diabetes
patients, understanding the relative importance of depression
and diabetes-specific emotional distress on glycemic control
is critical for formulating effective strategies to help diabetes
patients maintain glycemic control and minimize diabetesrelated morbidity and mortality. This is the first analysis to
examine the relative effects of change in depressive symptoms and change in diabetes distress on change in glycemic
control following a behavioral (i.e., diabetes self-management education [DSME]) intervention.

Methods
Study design and participants
Participants were recruited from the adult type 2 diabetes
(T2DM) patient population of a large medical center following chart review and physician approval for patient
participation, as previously described (Welch et al. 2010).
Participants were aged 30–80 years, had poorly controlled
blood glucose (HbA1c C 7.5%), and were able to speak
and write in English. Exclusion criteria included the
presence of major diabetes complications (i.e., proliferative
retinopathy, cardiovascular conditions including stoke or
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myocardial infarction within the past 12 months, congestive
heart failure, renal disease [microalbumin [ 300 ug/mg],
severe autonomic neuropathy, lower limb amputations),
pregnancy, any severe psychiatric disorders such as schizophrenia or mental retardation, or visual, literacy, or comprehension barriers that would prevent completion of study
questionnaires.
All participants received four sessions of DSME within the
6-month intervention period. Participants were randomized to
receive DSME from one of four certified diabetes educators
(CDE; certified by the American Association of Diabetes
Educators Diabetes Education Accreditation Program) who
were part of the hospital diabetes program. Two of the study
CDEs delivered standard DSME, and two delivered DSME
using motivational interviewing (MI), a patient-centered
counseling style that stresses the importance of the interaction
between patient and clinician to influence patient motivation
and improve target health behaviors. All participants received
an initial DSME session for 1 h followed by three 30 min
sessions at 1, 3, and 6 months. Participants completed a
baseline research visit to assess demographic (e.g., age, gender, education level), clinical (e.g., glycemic control, BMI),
and behavioral factors (e.g., depression, diabetes distress).
Participants completed a second research visit following the
final (6 month) DSME session during which the baseline
assessments were repeated. The study was approved by the
hospital’s Internal Review Board committee.
Study measures
Glycosylated hemoglobin (HbA1c) was measured in random blood samples analyzed at the Baystate Medical
Center reference laboratory. The Baystate Medical Center
laboratory uses the HPLC ion capture method (Tosh
Medics Inc., San Francisco, CA).
Data on behavioral factors (i.e., diabetes distress,
depressive symptoms, diabetes self-care behaviors, treatment satisfaction) were collected by self-report using validated, reliable questionnaires. Diabetes distress was
measured using the Problem Areas in Diabetes (PAID)
scale (Polonsky et al. 1995), a 20-item scale which provides an overall measure of diabetes-related emotional
distress, such that higher scores denote greater distress. The
PAID has high internal reliability (a [ 0.90), sound concurrent validity as determined by moderate to strong correlations with a range of theoretically-related measures
(Polonsky et al. 1995; Welch et al. 1997), and responsiveness to change with brief psychosocial and educational
interventions (Welch et al. 2003). Depressive symptoms
were measured using the Center for Epidemiologic Studies
Depression Scale (CES-D), a reliable, widely used 20-item
assessment of depressive feelings and behaviors during the
past week (Radloff 1977). The standard cutoff score
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of C16 on the CES-D has a sensitivity of 0.95 and a
specificity of 0.70 for predicting major depression (Thomas
et al. 2001). Diabetes self-care behaviors were measured
using the Self Care Inventory-Revised (SCI-R; Weinger
et al. 2005), which assesses patient perceptions of diet,
exercise, medication adherence, and self-management of
blood glucose. The Diabetes Treatment Satisfaction
Questionnaire Change version (DTSQ-C; Bradley 1999)
was used to assess change in patient satisfaction at the end
of a treatment intervention.
Statistical analyses
Given that all study participants received a similar, foursession DSME intervention, all analyses were conducted in
the population as a whole rather than within treatment
groups. Treatment effect was adjusted for if groups differed
by independent or dependent variables.
Means, standard deviations, and ranges were reported
for continuous covariates (i.e., age, BMI, diabetes duration,
HbA1c, questionnaire scores) and categorical covariates
were described as the number and percent of participants in
each category (i.e., gender, race/ethnicity, education level,
medication use). Associations of baseline depressive
symptoms and baseline diabetes distress with baseline
HbA1c were assessed using multiple linear regression.
Covariates associated with HbA1c and/or dependent variables at P \ 0.2 were tested in regression models, and
covariates associated with at least a 10% change in the beta
coefficient for HbA1c were retained in final models.
Change scores for HbA1c and questionnaire scores were
calculated as follow-up minus baseline values, such that
positive values indicated an increase over time. Additional
change scores were calculated for HbA1c, reflecting change
in HbA1c from 6 to 12 months and from baseline to
12 months. Multiple linear regression was used to estimate
associations between the HbA1c change variables and
changes in depressive symptoms and diabetes distress.
Appropriate covariates were adjusted for as described above.
Analyses were conducted in the group as a whole, and then in
groups defined by depression status (CES-D C 16 vs. \16).
We also conducted these analyses in groups defined by
gender, as previous research has reported that the association between depression and HbA1c differs by gender
(Cherrington et al. 2010). All analyses were conducted using
SAS software version 9.1 (SAS Institute, Cary, NC).

Results
Of 545 patients who contacted study personnel and were
screened for eligibility, 234 patients were eligible and
enrolled in the study (Table 1) and 147 (62.8%) completed

Table 1 Selected baseline characteristics of study participants
Mean (SD)

Range

Age (years)

55.7 (10.2)

31–80

Duration of diabetes (years)

8.2 (7.0)

0.5–38.0

BMI (kg/m2)

34.5 (6.4)

20.6–57.4

Female

59.0%

–

White race

84.1%

–

Hispanic ethnicity

12.1%

–

Education beyond high school

63.6%

–

Use insulin

35.2%

–

Use oral agents

82.8%

–

HbA1c (%)

8.9 (1.2)

7.5–14.7

PAID score

42.1 (23.4)

0–96.3

CES-D score

16.3 (11.8)

0–58.0

SCI-R score

57.3 (16.4)

7.7–100.0

PAID Problem Areas in Diabetes, range: 0 (low distress)–100 (high
distress); CES-D Center for Epidemiologic Studies—Depression
scale, range: 0 (no depression)–60 (high depression), with C16
classified as major depression; SCI-R Self-Care Inventory—Revised,
range: 0 (low self-care behaviors)–100 (high self-care behaviors)

the second research visit (range of drop-out rates for study
groups: 32.8–43.1%; P = 0.61). Treatment groups differed
at baseline in terms of education status (P = 0.02) and
insulin use (P = 0.04). Although patients who completed
the 6-month follow-up visit and those who withdrew from
the study differed in terms of age (P = 0.01), this difference was not clinically significant (mean age [SD]: 56.9
[9.5] vs. 53.6 [11.1], respectively).
In multiple linear regression analysis, depressive
symptoms were associated with HbA1c at baseline, such
that each 1-point reduction in depressive symptoms was
associated with a 0.018% reduction in HbA1c (Table 2,
Model 1). However, this effect for depressive symptoms
was removed with further adjustment for diabetes distress
and self-care behaviors (Table 2, Model 2 and Model 3).
Mean change in HbA1c from baseline to 6-month follow-up was -0.58 ± 1.33% (P \ 0.01) indicating a statistically and clinically significant improvement in blood
glucose control during the intervention period (Table 3).
Change in HbA1c following the 6-month intervention
period (i.e., from 6 to 12 months) was not significant
(P = 0.92), while change from baseline to 12 months was
significant (-0.49 ± 1.56%; P \ 0.01). Change in HbA1c
did differ by treatment group, such that the MI + DSME
group had a mean change in HbA1c that was significantly
lower (i.e., less improved) than the group receiving DSME
alone (b ± SE: 0.41 ± 0.19; P = 0.037).
Diabetes distress was reduced (i.e., improved), as shown
by a clinically significant mean change in PAID score of
-9.6 ± 16.5 (P \ 0.01; Table 3). Self-care behaviors
(SCI-R) were also improved, as was treatment satisfaction.
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Table 2 Baseline association of depressive symptoms and diabetes
distress with HbA1c estimated using multiple linear regression
b (SE)

Model R2
(adjusted)

P-value

0.03

\0.01

Table 4 Association of change in depressive symptoms and change
in diabetes distress with change in HbA1c estimated using multiple
linear regression
b (SE)

Model R2 P-value
(adjusted)

Model 1
Depressive symptoms
(CES-D)
Model 2
Depressive symptoms
(CES-D)

0.018 (0.007)

-0.003 (0.009)

Change in HbA1c: baseline to 6 monthsa,b

0.75

0.029 (0.007)

0.07

\0.01

Model 3
-0.002 (0.009)

0.85

0.013 (0.005)

\0.01

Diabetes distress
(PAID)
Self-care behaviors
(SCI-R)

-0.014 (0.005)

0.10

\0.01

See Table 1 note

Table 3 Change in covariates from baseline to 6 months
Mean difference (SD)
BMI (kg/m2)

-0.3 (2.3)

P-value
0.07

HbA1c (%): Change from
baseline to 6 months

-0.58 (1.33)

\0.01

HbA1c (%): Change from 6 to
12 months

-0.01 (1.43)

0.92

HbA1c (%): Change from
baseline to 12 months

-0.49 (1.56)

\0.01

Diabetes distress (PAID)

-9.6 (16.5)

\0.01

Depression (CES-D)
Self-care behaviors (SCI-R)

-1.2 (8.4)
9.1 (13.8)

0.08
\0.01

9.9 (6.0)

\0.01

Treatment satisfaction

0.15

\0.01

0.06

0.23

Change in diabetes distress

-0.007 (0.007) 0.01

0.35

Change in depressive
symptoms

-0.001 (0.014) 0.00

0.96

Change in HbA1c: baseline to 12 monthsa,b
Change in diabetes distress

0.018 (0.007)

0.05

0.04

Change in depressive
symptoms

0.016 (0.017)

0.02

0.35

Change from baseline to 6 months
a

Adjusted change in self-care behaviors

b

Adjusted for treatment group

change in HbA1c and change in diabetes distress or change
in depressive symptoms. Findings did not differ in groups
defined by depression status (i.e., CES-D C 16 vs. \16;
data not shown) or gender (data not shown).

Discussion

See Table 1 note

Depressive symptoms tended to decrease over the course of
follow-up (P \ 0.08).
In multiple regression analyses adjusting for treatment
group (MI vs. non-MI) and change in self-care behaviors,
we found that change in diabetes distress was significantly
associated with change in HbA1c from baseline to 6 month
follow-up, such that a 10-point reduction on the PAID scale
of diabetes distress (which corresponds to the average
change in distress in the study population) was associated
with a significant reduction in HbA1c of 0.25% (P \ 0.01;
Table 4). Change in depressive symptoms was not associated with change in HbA1c from baseline to 6 months
(P = 0.23). Results were similar when change in HbA1c
was defined as change from baseline to 12 months. When
change in HbA1c was defined as change from 6 to
12 months, there was no significant association between
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0.025 (0.006)
0.015 (0.012)

Change in HbA1c: 6 to 12 monthsb

Diabetes distress
(PAID)
Depressive symptoms
(CES-D)

Change in diabetes distress
Change in depressive
symptoms

In this analysis of T2DM patients before and after a DSME
intervention, change in HbA1c over the course of the
6-month intervention period was associated with change in
diabetes-specific emotional distress during this same period, but not with change in depressive symptoms. Similar
results were observed when change in HbA1c was defined
as change from baseline to 12 months, suggesting that
short-term change in diabetes distress is associated with
long-term change in HbA1c. While previous observational
studies have reported on the associations between glycemic
control and depression (Aikens et al. 2009; Ali et al. 2006;
Egede and Ellis 2010; Fisher et al. 2010; Georgiades et al.
2007; Lin et al. 2010; Lustman et al. 2000) as well as
diabetes distress (Fisher et al. 2010; Kokoszka et al. 2009;
van Bastelaar et al. 2010), this is the first analysis to
examine the relative effects of change in depressive
symptoms and change in diabetes-specific emotional distress on change in glycemic control before and after a
behavioral intervention.
Early studies of the association between depressive
symptoms and glycemic control yielded conflicting results,
and many studies reporting a positive association between
depression and glycemic control were based on cross-
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sectional study designs (Cohen et al. 1997; de Groot et al.
1999; Konen et al. 1996; Van der Does et al. 1996; Van
Tilburg et al. 2001). In a cross-sectional analysis of our
baseline data, we did find a positive association between
depressive symptoms and HbA1c, but this association was
removed after adjustment for diabetes distress.
Our ability to detect an effect for change in depressive
symptoms on change in HbA1c was limited by the relatively small change in depressive symptoms observed over
the course of this 6-month intervention. Depression is a
complicated condition affected by multiple factors, and
longer-term interventions may be needed to affect depression rates. Furthermore, the DSME-based intervention did
not address depression specifically, and an intervention
tailored to treating depression may be necessary to observe
an association with change in glycemic control. Finally,
while there was a high level of patient engagement in the
DSME intervention sessions, the drop-out rate for the
6-month research visits was relatively high (37%). This is
likely attributable to patients feeling that they had gained
what they needed from their participation in the four
DSME sessions and that the final research visit wasn’t
important for their diabetes care. However, it is also possible that patients who did not return for the final research
visit differed from those who did return in terms of
depression status, and were in fact experiencing higher
rates of depression. If this were the case, the ability of the
study to detect an effect for change in depression status
would have been affected (i.e., reduced).
Although the results of the current analysis do support
the hypothesis that change in diabetes distress may affect
change in HbA1c, changes in these measures happened
concurrently during the 6-month intervention, and it is also
possible that change in HbA1c was itself bringing about a
change in diabetes distress. To try and determine whether
the change in diabetes distress did in fact influence change
in HbA1c (and not vice versa) we analyzed change in
HbA1c following the intervention (i.e., from 6 to
12 months) and from baseline to 12 months. However, the
most dramatic change in HbA1c occurred during the
6-month intervention, and so although change in diabetes
distress from baseline to 6 months was associated with
change in HbA1c from baseline to 12 months, most of this
longer-term change in HbA1c was driven by change during
the first 6 months (i.e., HbA1c tended to decrease from
baseline to 6 months and then remain at this decreased
level from 6 to 12 months). While it therefore cannot be
concluded that change in diabetes distress is driving the
observed change in HbA1c, we can conclude that a shortterm reduction in diabetes distress is associated with a
sustained reduction in HbA1c.
While clinical management of diabetes generally does
not include evaluation and/or treatment for diabetes dis-

tress (Fisher et al. 2010; Pouwer 2009), there are a variety
of ways in which DSME may improve both diabetes distress and glycemic control. One mechanism may involve
development of coping skills that promote acceptance of
the disease and management of anger, anxiety, and fears
related to diabetes (Solowiejczyk 2010). Another possibility is that distress is reduced by the collaborative nature
of the DSME program. DSME also involves processes
related to problem-solving, which in turn have been shown
to be associated with a reduction in diabetes distress
(Glasgow et al. 2004).
The mounting evidence regarding the importance of
diabetes-specific emotional distress on glycemic control
lends itself to further investigation of interventions directed
at reducing diabetes distress. In their recent observational
study, Fisher et al. (2010) suggest that T2DM patients with
‘‘depression’’ may actually be experiencing major depressive disorder (MDD) and/or diabetes-specific emotional
distress, and that it is the diabetes distress and not the MDD
that is affecting glycemic control over time (Fisher et al.
2010). Our results from a DSME-based intervention support
this insight, and highlight the need for greater awareness of
the important role of diabetes distress in diabetes care.
Standardized strategies for the effective treatment of diabetes distress, such as DSME, may be useful for the evaluation and treatment of diabetes distress in clinical settings.
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