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Abstract
Aims—To examine the relationship between depressive symptomatology, diabetes-related
distress and aspects of diabetes self-care in a cohort of individuals with Type 1 diabetes.

Methods—Individuals with Type 1 diabetes taking part in the Pittsburgh Epidemiology of
Diabetes Complications Study completed the Beck Depression Inventory (BDI), the Center for
Epidemiologic Studies Depression (CES-D) Scale and the Problem Areas in Diabetes (PAID)
scale. Self-care was measured by physical activity in the past week and over the previous year,
frequency of blood glucose/urine testing, smoking status and alcohol intake.

Results—Clinically significant levels of depressive symptomatology (i.e. scores ≥ 16) were
reported by 14% of the study population on the BDI and by 18% on the CES-D. There were strong
correlations between depressive symptoms and diabetes-related distress (PAID scores) and
physical activity. Multivariate analyses indicated that depression was independently associated
with diabetes-related distress scores and with physical activity, but not with frequency of blood
glucose testing.

Conclusions—These findings have implications for clinical practice and treatment of both
psychological morbidity and diabetes. There may be significant effects of depression on aspects of
diabetes self-care. Further prospective studies are required to confirm these findings.
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Introduction
Recently there has been increased interest in the role that psychological morbidity might
play in the natural history of diabetes and its long-term complications [1-4]. Feeling
depressed can impact on diabetes self-care, glycaemic control and overall quality of life
[5-8]. To date, most studies have been conducted in individuals with Type 2 diabetes, with
little research in those with Type 1 diabetes [9]. Whether or not psychological problems are
of a general nature or are diabetes-related has important implications for treatment [10,11].
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Emotional problems related to diabetes are associated with elevated levels of depression
[12,13] and poorer self-care [5], but remain poorly understood. The aim of the current study
was to examine the relationship between depressive symptomatology, diabetes-related
distress and diabetes self-management in a cohort of individuals with Type 1 diabetes.

Patients and methods
The Pittsburgh Epidemiology of Diabetes Complications (EDC) study is a prospective
investigation of people with Type 1 diabetes, diagnosed < 17 years of age, or seen within 1
year of diagnosis, at Children’s Hospital of Pittsburgh between 1950 and 1980, who were
receiving insulin therapy upon initial discharge [14,15]. This cohort were first clinically
assessed for the study at baseline between 1986 and 1988 (n = 658), and have subsequently
been re-examined biennially, most recently at 18 years’ follow-up (2004–2006), when the
current data were collected. The University of Pittsburgh Institutional Review Board
approved the study protocol.

Prior to their clinic visit, participants completed postal questionnaires to gather information
on demographic details and self-care of diabetes. The Beck Depression Inventory (BDI) [16]
was completed; a validated 21-item self-complete scale, with scores ≥ 16 indicative of
clinically significant levels of depressive symptomatology [16]. Participants also completed
the Center for Epidemiological Studies of Depression Scale (CES-D) [17], and the Problem
Areas in Diabetes (PAID) scale [18]. The CES-D is a 20-item self-complete scale measuring
the frequency of symptoms of depression during the past week, with scores ≥ 16 indicative
of clinically significant levels of depression [17]. The PAID is a 20-item self-complete
questionnaire using a five-point Likert-type scale, which measures diabetes-related distress
in individuals with diabetes [18,19]. A total PAID score of ≥ 50 is considered to be seriously
elevated [19]. Information on use of antidepressant medications and smoking history were
recorded. Glycated haemoglobin (HbA1c) was measured by the DCA® 2000 analyser
(Siemens Medical Solutions Diagnostics, Tarrytown, NY, USA) and converted to Diabetes
Control and Complications Trial-aligned HbA1c values.

The presence of diabetes complications was also ascertained as described fully elsewhere
[14]. Overt nephropathy (ON) was defined as an albumin excretion rate > 200 μg/min or >
300 mg/24 h in at least 2/3 validated timed urine collections. Coronary artery disease (CAD)
was determined by EDC physician-diagnosed angina, or myocardial infarction confirmed by
electrocardiogram or hospital records, coronary revascularization or coronary artery stenosis
≥ 50% or ischaemic ECG (Minnesota Coded). Onset of end-stage renal disease was defined
as starting dialysis or undergoing renal transplantation. Retinopathy was assessed by stereo
fundus photography using the Arlie House System of classification [20] or a history of laser
treatment for proliferative disease.

Physical activity was indicated by total estimated energy expenditure in the past week
(KCAL/WK = number of flights of stairs climbed + number of city blocks walked per day +
hours of sporting activity per week), per week during the past year, by energy expenditure
due to sporting activities participated in during the past week, and per week in the past year.
Self-monitoring of blood glucose levels (SMBG) were measured by asking participants to
indicate the number of times per week they checked their blood glucose levels.

Data were analysed using spss version 15.0 for Windows (SPSS Inc., Chicago, IL, USA).
Stepwise linear regression analyses were conducted to examine the independent correlates of
depressive symptoms, and the independent correlates of physical activity and frequency of
SMBG.
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Results
Two hundred and sixty-four individuals (40% of the baseline cohort; 60% of those still alive
and locally resident) had complete information collected for the 18-year clinical
examination, as shown in Table 1. Overall, only 35 individuals (12%) reported currently
taking antidepressant medications, where BDI scores ranged from 0 to 40 and CES-D scores
from 0 to 46. Twenty-six percent of those with high BDI scores were taking antidepressant
medications, while 16% of those with high CES-D scores reported taking antidepressant
medications at the current time. Of those with extremely high PAID scores, 12.5% reported
taking antidepressant medications, 64% had BDI scores ≥ 16 and 80% had CES-D scores ≥
16.

Neither current age nor age at onset of diabetes were significantly correlated with the BDI,
CES-D or PAID. Duration of diabetes was not significantly correlated with the PAID, but
was correlated with the BDI (r = 0.17; P < 0.01) and the CES-D (r = 0.23; P < 0.01). A
significantly greater proportion of women had high CES-D scores compared with men (25%
vs. 11%; P < 0.01). Excluding those on antidepressant medications did not alter these
results.

Overall a strong correlation was observed between the CES-D and the PAID (Fig. 1), and
also between the BDI and the PAID (r = 0.49; P < 0.01). A similar pattern was observed
when men and women were analysed separately (data not shown) and when the data were
analysed excluding those on antidepressant medications.

All four physical activity (energy expenditure) variables were significantly and negatively
correlated with the BDI (r between −0.20 and −0.27; P < 0.01), the CES-D (r between
−0.16 and −0.33; P < 0.01) and the PAID (r between −0.14, P < 0.05, and −0.23, P < 0.01).
Overall, HbA1c and PAID scores were significantly correlated (r = 0.16; P < 0.01), but this
was not the case when adjusted for sex. Depression and PAID scores did not differ
significantly according to smoking status or alcohol intake.

Those who had CAD at 18-year follow-up had significantly higher depression and poorer
diabetes-related distress scores compared with those who had not developed CAD (CES-D:
11.6 ± 10.8 vs. 8.3 ± 8.3, P = 0.009; BDI: 10.9 ± 9.3 vs. 6.9 ± 6.4, P = 0.000; PAID: 21.8 ±
20.2 vs. 15.3 ± 14.7, P < 0.01). Mean CES-D and BDI, but not PAID scores, were
significantly lower in those without any major complications at 18-year follow-up compared
with those with one and those with two μ three major complications (CES-D: 8.3 ± 8.6 vs.
9.8 ± 10.2 vs. 13.4 ± 10.5, P = 0.024; BDI: 6.9 ± 6.7 vs. 9.2 ± 9.2 vs. 11.1 ± 7.5, P = 0.007).

Linear regression analyses demonstrated that higher PAID scores (P < 0.001), longer
duration of diabetes (P < 0.001) and lower household income (P = 0.028) were all
significant independent correlates of depression (CES-D) (r2 = 0.43). Substituting BDI
scores for CES-D as the dependent variable did not change the model. Further linear
regression models were calculated in order to identify the significant independent correlates
of self-care. Lower HbA1c (P < 0.001), CAD (P = 0.004) and ON (P = 0.005) were
significantly independently correlated with SMBG (r2 = 0.14). Significant independent
correlates of physical activity, with energy expenditure during the past week (KCAL/WK)
used as the dependent variable, were CES-D (P = 0.002) and smoking (P = 0.017) (r2 =
0.10). If energy expenditure in the past year was used as the dependent variable, HbA1c (P =
0.003) and duration of diabetes (P = 0.025) were significant along with CES-D (P < 0.001).
PAID scores did not enter the model except when CES-D scores were removed or when BDI
scores were substituted for CES-D scores. Substituting number of major complications for
specific complications did not alter any of these models.
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Discussion
This study has demonstrated a strong association between depressive symptomatology and
diabetes-related distress, independent of other potential covariates including complication
status, duration of diabetes and gender. These data are cross-sectional, however, and no
causal link can be inferred. Similar rates of moderate—severe depressive symptoms and an
increased rate among women have been observed previously [1,12,21-23]. Of concern is the
relatively low proportion of individuals with high depression scores who reported taking
antidepressant medication. Although we do not have data on the use of other treatments, this
suggests that depression continues to be both underdiagnosed as well as undertreated. The
overall mean scores on both the BDI and the CES-D, and the proportion of individuals
reporting severe diabetes-related distress, might be considered to be fairly low, which could
reflect a healthy survivor effect as the majority of those participating in this 18th year of
follow-up are individuals who have survived a relatively long period of time without
developing severe diabetes complications. It is therefore difficult to apply these findings to a
shorter duration Type 1 diabetes population.

Depression scores were the strongest correlate of physical activity, regardless of duration,
complication status, or diabetes-related distress, in contrast to the model for SMBG.
Although physical activity might not be the optimal indicator for successful self-care, our
measure did include day-to-day exercise rather than only sporting activity, which might be
more problematic in those with major complications. As in many studies, a limitation of our
research is the reliance on self-report to measure self-care.

The presence of depression, distress, or a combination of these may lead to greater barriers
to appropriate self-management of diabetes, and has important implications for treatment.
Our study highlights the importance of individually tailored diabetes care in order to reduce
the risk of poor self-care, poor glycaemic control and increased risk of diabetes
complications.
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Abbreviations

BDI Beck Depression Inventory

CAD coronary artery disease

CES-D Center for Epidemiological Studies of Depression Scale

EDC Epidemiology of Diabetes Complications

HbA1c glycated haemoglobin

ON overt nephropathy

PAID Problem Areas in Diabetes

SMBG self-monitoring of blood glucose
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FIGURE 1.
Correlation between depression (CES-D scores) and diabetes-related distress (PAID) scores.
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