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Abstract
Purpose Type 2 diabetes requires patients to make lifestyle changes and perform daily
self-care. To determine at what stages patients may need particular self-management
support, we examined (1) whether patients’ performance of self-care related to their
diabetes duration, and (2) whether illness characteristics (treatment and complications)
and diabetes-related distress influenced this relationship.
Methods Cross-sectional data from 590 type 2 diabetes patients were analysed through
linear and logistic regression analysis. Self-care behaviours were assessed by the revised
Summary of Diabetes Self-Care Activities (SDSCA) measure. Diabetes duration (model 1),
treatment and complications (model 2), and distress, as assessed by the Problem Areas
In Diabetes (PAID) scale (model 3), were stepwise included. Sociodemographic
characteristics were added to all models to account for confounding.
Results Patients with a longer history of diabetes were less physically active, but
monitored their blood glucose levels more frequently than more recently diagnosed
patients. These relationships were mediated by the presence of complications and the
use of insulin, with lower levels of physical activity being found among patients with
macrovascular complications and higher frequencies of glucose monitoring among
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patients on insulin. All predictors together explained maximally 5% of the variance in
self-care, except for glucose monitoring (37%) and smoking (11%).
Conclusion Type 2 diabetes patients’ self-care activity changes over the course of illness.
To provide tailored self-management support, diabetes care providers should take into
account patients’ phase of illness, including their treatment and complications, as well
as their personal characteristics and distress level.

Introduction
A healthy lifestyle and adequate self-care are considered key elements of good-quality care for type
2 diabetes mellitus. Currently, more than 380 million individuals worldwide are diagnosed with type
2 diabetes [1], which’s complications can have a major impact of the lives of patients as well as
health care systems [1–5]. Physical exercise and a healthy diet have been proven effective in
reducing the risk of these micro- and macrovascular complications. This also holds for regular foot
and glucose checks to monitor and detect risk factors and symptoms of these complications [6]. For
these reasons, medical doctors and nurses invest a lot of time in supporting patients with type 2
diabetes with self-care and making lifestyle changes. In recent years, the importance of tailoring this
support to the specific needs of patients has been emphasised [7, 8], as research has shown that
patients’ performance of self-care differs according to their sociodemographic and clinical
characteristics, such as their age [9] and socioeconomic position [9, 10], as well as the presence of
physical and mental health comorbidities [9, 11–13]. As patients’ personal characteristics and
circumstances as well as their diabetes change over time, the health behaviours they (need to)
perform are also likely to change and, consequently, their need for support. However, until now,
diabetes self-management support programmes pay little attention to specific support needs and
challenges that may arise in different phases in the illness process. Obtaining more insight into
patients’ self-care behaviours over the course of illness could help determine at what stages of type
2 diabetes specific or additional support is needed. Therefore, we aimed to examine patients’
lifestyle and diabetes self-care behaviours in relation to their illness duration.
Regarding the relationship between illness duration and lifestyle and self-care behaviours, we did
not formulate a priori hypotheses, as we found that previous studies show inconclusive results. Some
research suggests that adherence to lifestyle and self-care recommendations may improve over time,
as patients with a longer illness duration are expected to have grown more accustomed to living with
diabetes and its management over the years [14]. Patients with a longer illness duration are also
more likely to need insulin therapy and to experience complications, both of which may cause
patients to perceive their condition as more serious and consequently to attach greater value to
adherence to lifestyle and self-care recommendations [15–18]. Conversely, several studies have
shown a longer duration of diabetes to be associated with poor glycaemic control [9, 19] and worse
self-care [19]. Pharmacological treatment, and insulin therapy in particular, may negatively impact
patients’ perceptions of the need to exercise and adhere to a healthy diet to control glucose levels.
Sasi and colleagues have also suggested that the progressive nature of type 2 diabetes may be
(partially) responsible for the worse self-care behaviours that they noticed in patients with a longer
illness duration, as treatment regimens often become more intensive and complicated over time and
thus more challenging for patients. In addition, experiencing complications could have a detrimental
effect on adherence to lifestyle and self-care recommendations, as the physical discomfort caused by
complications could interfere with physical activity and other health behaviours [19]. Besides,
diabetes-related distress may play a role in the relationship between illness duration and self-care, as
patients’ level of distress was found to increase with increased illness duration [20], and
diabetesrelated distress has been shown to both negatively [21] and positively [18] associate with
engagement in self-care. Finally, adherence to diabetes self-care recommendations has been
reported to differ dependent on the type of self-care activity at stake, suggesting that adequate
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performance of a specific self-care activity does not guarantee adequate performance of other selfcare activities as well [22]. Hence, the objectives of our study were to gain more insight in whether
the performance of various self-care behaviours by patients with type 2 diabetes relate to their
illness duration (time since diagnosis), and whether certain diabetes-related characteristics, such as
diabetes treatment and complications, and the level of diabetes-related distress impact on these
relationships.

Methods
Design and setting
The design of the study was cross-sectional and used the baseline (pre-intervention) measurements
from three randomized controlled trials (RCTs) of the Dutch Diacourse study. The Diacourse study
was approved by the Medical Ethical Committee of the VU University Medical Center Amsterdam.
In the Diacourse study, three self-management intervention programs were developed and tested
for patients with type 2 diabetes at different stages of illness: 1. an interactive group-based course
for patients with a diabetes duration between one and three years (‘short duration’; SD), 2. a peer
support intervention for patients diagnosed more than three years ago (‘longer duration’, LD) and 3.
a nurse-led individual intervention for patients who had recently had a first Acute Coronary Event
(‘Diabetes and ACE’; DA) [23–25] (see the study protocols for more details). Between October 2011
and August 2013, SD and LD patients were recruited from 134 general practices (GP’s) in six regions
in the Netherlands and DA patients were recruited from 13 hospitals distributed across the country.
Apart from being diagnosed with type 2 diabetes, the inclusion criteria for the SD sample were
age of 18 to 85 years and an illness duration (since diagnosis) of minimally one and maximally three
years. For the LD sample patients had to be aged 50 to 70 years and diagnosed with type 2 diabetes
more than three years prior to inclusion. The inclusion criteria for the DA sample were age older than
35 years, a diabetes duration (since diagnosis) of at least one year and being recently (< three weeks)
discharged from the hospital because of a first acute coronary event. The exclusion criteria for all
three samples were not being able to sufficiently speak, read and/or understand the Dutch language
and having insufficient mental or intellectual capabilities to participate in the study. For the SD and
LD samples, patients were also excluded if they were receiving treatment for severe psychological or
psychiatric conditions or if they were recently diagnosed with a lifethreatening condition (e.g., cancer
or stroke).

Measurements
Eligible patients were invited to participate in the study by their general practitioner (SD, LD) or
cardiologist (DA), who provided them with written information. Patients who gave informed consent
received a paper questionnaire which included questions about self-care and diabetes distress, as
well as diabetes-related and sociodemographic characteristics, several weeks prior to participation in
one of the three support programmes of the Diacourse study. Data from this first preintervention
survey were analysed for the purpose of this study.
Self-care
Self-care was assessed using the Dutch version of the revised Summary of Diabetes Self-Care
Activities (SDSCA) measure [26]. This instrument focuses on six aspects of diabetes selfcare: exercise,
glucose monitoring, foot care, general diet, specific diet and smoking. With the exception of smoking,
all behaviours were assessed with two questions, which included asking the number of days on which
these activities were performed during the past week (response options: 0 to 7 days). Smoking
behaviour was assessed with one question, which asked whether the participant had smoked during
the past week (response options: yes or no). The revised SDSCA has been validated against other
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measures of diet and exercise and has shown adequate internal consistency and test-retest reliability
[26]. In our study, the Cronbach’s alphas of the scales were all above .70, except for the specific diet
scale. Therefore, we analysed the two items from this scale (intake of the recommended servings of
fruit/vegetables and of a low-fat diet) separately, as suggested by Toobert and colleagues [26].
Diabetes duration
Diabetes duration (at the time of the survey) was calculated from the date of diagnosis reported by
the participants (LD, DA) or retrieved from the patients’ medical records (SD).
Diabetes-related characteristics
To assess the presence of microvascular complications, participants in the SD and LD studies
reported whether they suffered from 1) eye problems, 2) kidney problems, 3) neurological problems,
or 4) foot problems, as a result of their diabetes (response options: yes or no). The presence of
macrovascular complications was assessed by asking the participants in these studies to indicate
whether they suffered from cardiovascular disease. As it was impossible to determine whether the
reported macrovascular conditions were related to the participants’ diabetes, we decided to treat all
reported macrovascular conditions as complications of diabetes in this study. In the DA study, all
participants had a macrovascular complication (ACE). The presence of microvascular complications in
this study was derived from hospital records.
Type of diabetes treatment (lifestyle advice only, oral hypoglycaemic agents only or insulin) and
the presence of comorbid conditions (e.g., cancer, respiratory problems, joint conditions or ‘other’)
were self-reported by the participants in the SD and LD studies and derived from hospital records in
the DA study.
Diabetes-related distress
To assess diabetes-related distress, we included the Dutch version of the Problems Areas in Diabetes
(PAID) scale [27]. This scale consists of 20 items with five response options, ranging from 0 (no
problem) to 4 (serious problem). The scores are summed and transformed to a total score ranging
between 0 and 100, with higher scores indicating greater diabetes-related distress. The PAID scale
was found to have strong concurrent and discriminant validity [28].
Sociodemographic characteristics
Age, gender, education level and living with or without a partner were self-reported by the
participants. Education level was categorized into low (primary school, low general secondary
education, preparatory or low vocational education), mid (intermediate or advanced general
secondary education or intermediate vocational education), and high (high vocational education or
college).

Statistical analyses
Descriptive statistics were calculated for the total population and separately for the three samples.
For normally distributed continuous variables, we calculated the means with standard deviations
(SDs), and for non-normally distributed variables, we calculated the medians with interquartile
ranges (IQRs). One-way analyses of variance with post hoc Bonferroni tests were used to examine
differences in exercising, glucose testing, foot care and diet between the three study samples.
Differences in smoking behaviour were tested using chi-square tests.
To examine whether participants’ self-care behaviours were related to their illness duration, we
conducted a separate regression analysis for each of the self-care behaviours. These were all linear
regression analyses, except for smoking behaviour, which was analysed using logistic regression
analysis. In all regression analyses, self-care behaviour was the dependent variable. We estimated a
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first model that included diabetes duration in years and diabetes duration in years squared (to
account for potential non-linear effects) as independent variables (model 1). To examine whether the
presence of micro- or macrovascular complications and the type of diabetes treatment mediated the
relationship between illness duration and self-care, we added these variables to a second model
(model 2). To examine the potential mediating role of distress, we analysed a third model with
diabetes-related distress added as an independent variable (model 3). In all three models, we
included participants’ gender, age, education level and the presence of comorbid conditions as
independent variables to adjust for their potential confounding effects. All analyses were performed
using SPSS (version 18.0).

Results
Characteristics of the study sample
The total sample of the three Diacourse studies consisted of 622 persons, 32 of whom had to be
excluded because of missing data on the key variables of this study (diabetes duration and self-care),
leaving data from 590 participants for analysis. The mean age of these participants was 64 years, and
two thirds (64%) were male (Table 1). The median diabetes duration was almost six years. The
majority used diabetes medication, either oral hypoglycaemic agents (60%) or insulin (24%). Almost
half suffered from comorbid conditions (49%), with joint problems being most prevalent (28%).
Microvascular complications were present in a third of the study sample, with foot problems (14%)
and eye problems (12%) being most prevalent. Macrovascular complications were present in 45% of
the participants.
On average, the participants reported having been physically active for a little less than four days
per week. Significant differences between the three samples existed in this respect (F(2,575) = 24.26,
p < .001), with the participants of the DA sample being significantly less active (M= 2.96) than the
participants of the SD sample (M= 4.42). Glucose monitoring and foot care were performed for an
average of one to two days (M= 1.5) per week. The frequency of foot care did not statistically differ
between the three samples, but glucose monitoring did (F(2, 575) = 27.92, p < .001): the SD
participants reported fewer days of glucose self-monitoring (M= 0.43) than the LD participants (M=
1.70) and the DA participants (M= 2.15). Recommendations for a healthy diet were followed for
approximately five days per week, and the majority of the participants indicated to not have smoked
during the previous week. No differences existed between the three samples regarding these
behaviours.

Effects of diabetes duration, diabetes-related characteristics and distress on self-care
Tables 2, 3 and 4 show that diabetes duration was significantly associated with the number of days
participants reported to be exercising and self-monitoring their glucose levels, but not with the
number of days they performed foot care, ate a healthy diet or smoked.
Starting with exercise, Table 2 shows that the longer participants had diabetes, the less days they
were physically active. Diabetes duration had both a linear and quadratic effect, and Fig. 1 (blue line,
based on model 1) shows that the decline in physical activity was largest during the first years after
diagnosis. Adding diabetes-related characteristics to the model (model 2) decreased the effects of
diabetes duration (though they remained significant), suggesting that the presence of macrovascular
complications in particular was partially responsible for the negative relationship between diabetes
duration and exercise. Adding diabetes-related distress to the model (model 3) did not make a
difference. The variance in time spent exercising explained by the last model remained small (5%).
With regard to glucose self-monitoring, Table 2 shows that a longer diabetes duration increased
the number of days that participants monitored their blood glucose levels. Figure 1 (red line, based
on model 1) illustrates the not entirely linear relationship found between diabetes duration and the
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participants’ self-monitoring behaviour. The effects of diabetes duration substantially decreased
after adding the diabetes-related characteristics (model 2). In particular, using insulin decreased the
effects of diabetes duration on self-monitoring, suggesting that this was an important mediator. In
addition, the total variance explained by the model increased from 17% to 37% by adding the
diabetes-related characteristics, which indicates that using insulin has an important additive effect
on glucose self-monitoring (in addition to diabetes duration).
Frequency of foot care was not related to diabetes duration (Table 2), but the presence of
microvascular complications increased the number of days that the participants performed foot care,
although the total variance remained low (5%).
With regard to healthy eating, Table 3 shows that diabetes duration was not a significant
predictor. In fact, none of the diabetes-related variables in our analyses - except for the presence of
microvascular complications, which had some small, negative effects - helped explain the
participants’ eating behaviours. As such, the total variance in the participants’ eating behaviours
explained by our models was less than 2%.
The duration of diabetes was not related to the participants’ smoking behaviour (Table 4);
instead, the use of insulin and experiencing greater diabetes-related distress significantly decreased
the likelihood of being a non-smoker. With all variables included, model 3 explained approximately
11% of the variance in smoking among the participants.

[Table 1]

Discussion
In this study, we examined the relationship between lifestyle, self-care behaviours and disease
duration in people with type 2 diabetes. We also explored the potential mediating roles of diabetesrelated characteristics and diabetes-related distress in this relationship Our findings show that
patients with a longer illness duration were less physically active; in particular during the first years
after diagnosis the level of physical activity seems to decrease. Conversely, glucose self-monitoring
was performed more often as illness duration increased. Regarding the opposing associations of
diabetes duration with physical exercise and self-monitoring, it is possible that patients with a longer
diabetes duration experience a greater number of health problems (e.g., fatigue and headache) that
are not considered diabetes-related complications but do hinder physical activity and trigger the
tendency to monitor blood glucose levels more often [29, 30]. Additionally, the negative association
between diabetes duration and physical activity may indicate a shift in focus on the topics discussed
during regular check-ups over time. These findings indicate that diabetes care providers may have to
focus more on emphasizing the importance of an active lifestyle at later stages of illness progression,
and on providing additional support to patients experiencing symptoms
that may interfere with physical activity.
Relationships between diabetes duration and exercising or self-monitoring were partially
mediated by the presence of macrovascular complications (exercising) and the use of insulin (selfmonitoring). The presence of macrovascular complications had an additive, negative effect on
exercise frequency. This finding that participants with macrovascular complications were less
physically active could be the consequence of feelings of hesitation and uncertainty regarding
physical exercise that are often experienced by individuals following an acute coronary event [31,
32]. However, as our study design did not allow causal interpretation, it should be noted that low
levels of physical activity could have also contributed to the occurrence of macrovascular
complications [33, 34]. The use of insulin was found to have additive effects on self-monitoring and
smoking behaviour. The participants who used insulin monitored their blood glucose levels more
frequently, but were also more often smokers. The fact that Dutch guidelines usually do not
recommend regular or daily monitoring of blood glucose levels to patients not on insulin treatment
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[35] is most likely the main explanation for the positive association between insulin use and glucose
monitoring, although diabetes duration continued to be positively related to glucose monitoring
after treatment and complications had been added to the model. The relationship between insulin
use and smoking may be explained by increased levels of diabetes distress, which have been found to
be associated with insulin use in previous studies [36, 37], and to smoking in this study.

[Table 2]
The presence of microvascular complications was found to have a positive effect on the frequency
of foot care. The presumption that microvascular complications trigger self-care is supported by the
positive association found between the presence of microvascular complications and the frequency
of foot care, but not by the negative association found with dietary behaviours and the lack of
association with physical activity and smoking behaviour. It may be that the presence of
microvascular complications particularly impacts diabetes specific self-care behaviours, such as foot
care [15], rather than more generic lifestyle behaviours such as physical activity, eating and smoking.
In addition, the relatively large proportion of participants with a recent acute coronary event in the
study sample could have masked the significance of microvascular complications as a cue to action
for patients with type 2 diabetes to exercise, as we found that microvascular complications were
positively related to exercising behaviour when analysing only the data from the SD sample [38]. The
presence of microvascular complications in the DA sample may have been underreported, as it is
likely that not all microvascular complications experienced by these patients were reported in the
records maintained by their cardiologists [39].

[Table 3] [Table 4]
Diabetes-related distress was only associated with smoking behaviour. Previous findings that
diabetes-related distress is related to the presence of microvascular complications and insulin use in
our sample [39] might elucidate why distress itself did not explain any additional variance in the
regression models. Additionally, the participants’ scores on the PAID scale were generally low, which
implies that they were not very concerned about their diabetes or its treatment.
Finally, it must be noted that although diabetes duration and its associated characteristics were
found to be associated with the lifestyles and self-care behaviours of patients with type 2 diabetes,
only a small proportion of the variance could be explained by these determinants. In other words,
with the exception of glucose self-monitoring, self-care seems to be primarily influenced by other
factors that were not included in this study, such as psychological characteristics, family support or
other priorities.

[Figure 1]
A strength of our study is the large size of the total sample, which allowed us to examine a broad
range of diabetes durations and diabetes-related characteristics. Baseline data from three RCT’s
were combined to obtain the study sample. Although all three samples were part of the Dutch
Diacourse study, it should be noted that the data collection procedures were not exactly the same. In
the SD and LD samples, several illness-related characteristics, such as diabetes treatment,
complications and comorbidities, were self-reported by patients, whereas in the DA study, data on
these characteristics were derived from hospital records. Self-reported complications and conditions
may not fully correspond with relevant symptoms and diseases from a medical point of view.
Nonetheless, they have been proven to be important determinants of health behaviours and
outcomes [40, 41]. Furthermore, the participants in this study may not be entirely representative of
all patients with type 2 diabetes, as those included here were willing to participate in an intervention
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study on self-management, which may have led to an underrepresentation of patients who are less
motivated to perform self-care. However, by recruiting general practices and hospitals in different
regions across the Netherlands, and by covering the (travel) expenses of the participating patients,
we aimed to keep the chances on selection bias in our study population as low as possible.
Furthermore, as all inhabitants in the Netherlands are obligatory registered at a general practice, no
selection could have occurred beforehand.
Notwithstanding its limitations, we believe that our study provided some valuable insights to
support the self-care of patients with type 2 diabetes in clinical practice. We have added to existing
literature by differentiating the impact of diabetes duration in itself from the impact of illness-related
characteristics on self-care, and by reporting their relationship separately for the different,
independent self-care behaviours that make up the diabetes care regimen. Our study results show
that diabetes duration and several diabetes-related characteristics (i.e., presence of microvascular
and macrovascular complications as well as treatment type) need to be taken into account when
supporting patients in making lifestyle changes and adhering to self-care recommendations.
Clinicians need to be aware that patients have different support needs dependent on the type of
self-care behaviour at stake as well as on the phase of illness they find themselves in. For instance,
with regard to physical activity, diabetes care providers should encourage physical exercise not only
in consultations with patients in the first years after diagnosis but also in consultations with patients
with a much longer diabetes duration, as their physical activity seems to decline. In these
consultations, special attention needs to be paid to complications or conditions that might interfere
with exercise either because of their disabling nature or because of patients’ fears or false beliefs
that result in the avoidance of activity. In the early years of diabetes, other support may be
necessary. Attention should be paid to the benefits and barriers that patients perceive with regard to
adhering to lifestyle and self-care recommendations, especially in the absence of diabetes-related
symptoms. Traditional patient education may not be sufficient, as it often neglects patients’ personal
goals and their perceptions of their illness. Therefore, innovative strategies need to be developed to
provide tailored person-centered support to help patients with type 2 diabetes adopt a healthy
lifestyle and perform adequate self-care in all phases of their illness. Future research should examine
whether (additional) support that takes into account the phase of illness – and then specifically the
presence and the type of complications – is effective in improving self-care over the course of illness.

Conclusions
Patients with type 2 diabetes with a longer illness duration are less physically active than those with
a shorter illness duration, which partially relates to the higher frequency of macrovascular
complications in patients with a longer illness duration. In contrast, patients with type 2 diabetes
with a longer illness duration monitor their blood glucose levels more frequently, which mainly
relates to their use of insulin. To help patients adopt a healthy lifestyle and improve their self-care,
diabetes care providers need to tailor their support to the phase of the illness that patients find
themselves, to characteristics such as the presence of complications and the type of treatment, and
to patients’ personal characteristics and perceptions.
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Table 1 Sociodemographic characteristics, illness-related characteristics and self-care behaviours of
the total study sample and the separate SD, LD and DA samples

Table 2 Effects of diabetes duration, diabetes-related characteristics and distress on exercising,
glucose self-monitoring and foot care; results of linear regression analyses: standardized
regression coefficients (β) and explained variance (adjusted R2)†
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Table 3 Effects of diabetes duration, diabetes-related characteristics and distress on adhering to
recommendations of a healthy diet; results of linear regression analyses: standardized
regression coefficients (β) and explained variance (adjusted R2)†

Table 4 Effects of diabetes duration, diabetes-related characteristics and distress on smoking
behaviour; results of logistic regression analyses: odds ratios (OR) with 95%-confidence
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Figure. 1 Illustration of the relationships between diabetes duration in years (X-axis) and the number
of days per week (Y-axis) exercising (blue line) and self-monitoring (red line) (based on Table
2, model 1)
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