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ABSTRACT

Aim: Adherence to self-care recommendations is a key factor in ulcer healing and prevention.
There is paucity of data regarding adherence in this high risk group. We compare self-care
adherence levels among adults with diabetes, with and without the diabetic foot (DF)
complication. Methods: Case-control study conducted among adults with diabetes. 99
individuals with (cases) and 95 without DF (control) were recruited. Groups were matched
for gender and diabetes duration. Adherence was inferred from self-reported activities,
using the Summary of Diabetes Self-Care Activity questionnaire and two objective measures
of treatment efficiency: Body Mass Index, and glycated hemoglobin level (HbA1c). Results:
DF adhered significantly (p<0.01) less than controls to physical activity, but more (p<0.5) to
performing blood tests. HbA1c levels were significantly (p<0.001) higher in the DF group (x 8.8
vr.7.3). Differences persisted in a multivariable analysis after adjusting for several confounding
factors. Conclusions: our data show that individuals with DF had the same or lower levels of
adherence in all domains, aside for better adherence to blood tests. Thus, the presence of DF
does not seem to act as a “wake up call” and is not translated into better adherence.

Introduction

Diabetic foot (DF) is one of the most severe
and costly long term complications of diabetes,
associated with a 2 fold increase in morbidity
and mortality [1]. Since the 1990s’ famous St
Vincent Declaration [2] thatseta target to ‘reduce
the numbers of limb amputations for diabetic
gangrene by 50% in a five-year period,” there has
been a worldwide effort to attain this goal. It has
since been shown that the implementation of
comprehensive programs focusing on foot care
can prevent or reduce the development of this
and other diabetes complications [3].

The American Diabetes Association (ADA)
and the International Working Group on the
Diabetic Foot (IWGDF) have periodically
published

containing evidence-based guidance for the

treatment recommendations

management and prevention of diabetic foot
[4,5]. These

emphasize  the
management for achieving positive outcomes. An
important advantage of self-care management is
that it can reduce the gap between patient needs

recommendations

specifically

importance  of  self-care

and available health care services to meet those

needs [6].
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Good adherence to self-care was found to
be positively correlated with good glycemic
control and improved quality of life [7], as
well as reduced risk for diabetes complications
and death [8]. In a prospective study [9], 1257
people with diabetic foot were followed for
18 months. Research results showed that high
adherence to medical advice was associated, in
this group, with a significantly higher rate of
ulcer healing and a lower chance of developing
new ulcers or requiring surgical procedures. In
another study, proper foot self-care behaviors
were found to reduce the risk of injury,
infection, and amputation in this high risk
group [10].

Given the existence of evidence-based
recommendations for self-care and the substantial
evidence for its efficacy in the prevention of
occurrence or recurrence of foot complications,
one would expect a “wake up call” in the form
of an ulcer to be translated into high levels of
adherence to self-care among individuals with
DF. On the other hand, adherence to self-care
among individuals with diabetic foot may be
compromised since the DF condition per se
significantly increases the burden of illness and
of self-care imposed on the individual with
diabetes. After all, self-care is a complex, multi-
faceted task which involves a variety of health
promoting activities such as keeping a proper
diet, engaging in physical activity, adhering to
a medication plan, medical surveillance, and
self-inspection. However, there is a paucity of
research regarding adherence in the high-risk
group of individuals with diabetic foot.

In this paper we compared self-care adherence
levels among adults with diabetes, with and
without the DF complication.

Material and methods
= General

This was a case-control study of adherence to
self-care recommendations, conducted among
adults with diabetes, with (cases) and without
(control) diabetic foot (DF), after matching for
gender and diabetes duration. Adherence was
ascertained from self-reported activities and
by two objective commonly used measures of
treatment efficiency: Body Mass Index (BMI),
and glycated hemoglobin level (HbAlc).

= Population

Included in the study were individuals aged
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45-75 with a diagnosis of Type 2 diabetes, who
was able to speak and write in Hebrew. Excluded
were people with significant visual, hearing, or
motor impairments that could hinder responding
to self-report questionnaires.

= Procedure

Ninety-nine individuals with DF were
recruited  from  in-hospital  orthopedic
departments and diabetic outpatient foot
clinics in two hospitals. Ninety-five individuals
with diabetes without DF were recruited from
several community based diabetic clinics in
the biggest HMO in Israel. The existence or
absence of DF was determined by the treating
physician. Patients found eligible by their
treating physician were contacted by telephone
and invited to participate in the study. Each
participant was invited for a personal interview
with a psychologist who administered the
questionnaires and assessed depression. Medical
indices were collected from participants’
medical records. The study was approved by the
appropriate ethics committees.

= Measures
Self-report measures of adherence

The Summary of Diabetes Self-Care Activity
(SDSCA) [11] was used to assess the level of
adherence in specific domains. The SDSCA is
a brief, reliable, valid, and multidimensional
self-report measure of adherence to nutrition,
physical activity, blood tests, medication plan,
and smoking status. Participants reported how
many days in the prior week they had engaged in
each of the activities.

Objective measures of adherence

As the SDSCA is a self-report adherence
measure, two additional objective measures
of adherence were also collected from the
participants’ electronic medical records: BMI
and HbAlc. HbAlc is a well validated measure
reflecting mean glucose levels in the 3 preceding
months [12]. There is a strong relationship
between HbAlc values and adverse outcomes
in people with diabetes, including incident
retinopathy, nephropathy, and cardiovascular
disease [13]. BMI as well is considered a
measure of treatment efficacy, and the ADA
recommends that individuals with diabetes
achieve or maintain a normal weight. A J-shaped
association was found between BMI immediately
before a diagnosis of Type 2 diabetes and all-
cause mortality [14].



Additional medical measures

Medical related to
severity and treatment effectiveness were
also collected from the electronic medical
records of the research participants. For the
purpose of this analysis, hypertension was
defined as elevated blood pressure requiring
medical therapy, and dyslipidemia was
defined as elevated LDL or triglycerides
requiring medical therapy. Data on prevalent

indices disease

retinopathy, nephropathy, and neuropathy
were collected from the medical records.
Macro-vascular disease was defined as
reported angina, Myocardial Infarction (MI),
or Peripheral Vascular Disease (PVD).

Depression

The Patient Health Questionnaire (PHQ-
9) was used to assess depression. The PHQ-9
is a 9 item depression screening instrument
that asks about the frequency of symptoms
of depression over the past 2 weeks. PHQ-
9 score 210 has shown a sensitivity of 80%
and a specificity of 92% for major depression

[15,16].
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Statistical analysis

The differences between the groups with
and without DF in the specific adherence
domains were first examined with Student’s
t-tests. Multiple linear regression analyses were
used to test the difference between the groups,
using consecutive models, after adjustment
for age, depression status, smoking, macro
vascular disease, retinopathy, and nephropathy.
Neuropathy was not added to the regression
model because of Multicollinearity with the DF
group (Pearson’s correlation 0.732, p<0.001).

Results

This analysis pertains to 99 individuals with
DF and 95 individuals with diabetes without
DF (general diabetes, GD), matched for sex and
diabetes duration. As can be seen (TABLE 1),
individuals with DF were younger and had more
diabetes complications than those without DF.

Adherence to treatment, self-report measures

TABLE 2 shows the results of comparisons
between the two groups in the different adherence

Table 1. Socio-demographic and medical variables by group.

DF Diabetes
n 99 95
Sex (% male) 77 80
Age (mean years) 58.04 (6.87) 61.3(7.03)™
Education (mean years) 12.4 145
Current smoking (%) 26.3 21.1
Depressive symptoms (mean) 6.13(5.97) 4.73 (4.26)
Insulin use (%) 81.8 25.3™
Hypertension (%) 76.8 60"
Dyslipidemia (%) 76.8 68.4
Retinopathy (%) 51.5 9.5™
Neuropathy (%) 88.9 15.8™
Nephropathy (%) 333 3.2™
Macro-vascular disease (%) 88.9% 51.6%™

categorical variables, *p<0.01, ***p<0.001

Data are mean (SD) or n (%); a t-test for independent samples was used for continuous variables and an x 2 test for

Table 2. Between-group comparisons of self-reference adherence domains.

Adherence Model 0 Model 1 Model 2 Model 3 Model 4
Domain* Beta t Beta t Beta t Beta t Beta t
Physical act | -0.827 | -3.225** | -0.827 | -3.217** | -0.814 | -3.159** | -0.814 | -3.119** -0.829 -2.847%*
Blood test 1179 | 2.510% 1.179 2.508* 1.158 | 2.456* | 1.079 | 2.270* 0.479 0.917
Medicineuse | 0.152 | 0.562 | 0.152 | 0.561 0.155 | 0.567 | 0.106 | 0.384 0.040 0.130
Diet -0.514 | -1.885 | -0.518 | -1916 | -0.498 -1.840 | -0.500 -1.824 -0.546 -1.767
Linear regression, **p<0.01, *p<0.05; Model 0: After adjustment for age and education, Model 1: After adjustment
for Model 0+current smoking status, Model 2: After adjustment for model 1+depressive symptoms, Model 3: After
adjustment for Model 2+macrovascular disease, Model 4: After adjustment for Model 2+retinopathy+nephropathy.
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domains. Two important differences were
found between the two groups. The DF group
showed significantly (p<0.01) less adherence to
physical activity than controls. This pattern was
maintained after adjustment for several possible
confounding factors, including education,
smoking status, symptoms of depression, and
micro and macro vascular disease. On the other
hand, DF were significantly (p<0.05) more
adherent to blood tests. This pattern was also
maintained after adjusting for all the above
confounding factors, excluding retinopathy
and nephropathy. No difference was found
between the groups in adherence to diet and
medications.

Objective measures of adberence/treatment efficacy

FIGURE 1 shows the differences between
the groups in HDbAIC levels. HbAlc was
significantly (p<0.001) higher in DF than in
the control group even after adjustment for
several possible confounding factors, including
smoking status, depression symptoms, and
micro and macro vascular disease. No differences
were found between the groups in BMI levels
(p>0.10).

Discussion

This is one of the first studies to investigate
multi-faceted adherence in individuals with DF,

compared to adults with diabetes who do not
have this severe complication (GD). The main
goal of this study was to examine whether the
“wake up call” generated by the development
of diabetic foot complication translates into
increased adherence to health promoting
behaviors. The adherence profile arising from
our research data portrays individuals with
DF as more adherent to blood tests, but
significantly less adherent to physical activity
recommendations, in comparison to the GD
group. No differences were found between the
groups in adherence to medication and diet. In
addition, groups were found to be similar in
BMI. However, the glycemic control (HbAlc)
of the DF group was found to be significantly
poorer. Though this finding is in itself not
surprising, as poor metabolic control is a risk
factor for development of diabetic foot, the
continued raised HbAlc, after the appearance of
diabetic foot, is puzzling: Despite DF reporting
better adherence to blood tests, which mirrors
better control, their glycemic control was poorer.
Isn’t the whole purpose of constantly accepting
the unpleasantness of having your finger pricked
to attain the required behavior change and
enhance health? This contradiction may have
several plausible explanations.

First, the results may imply that DF
individuals may have a problem linking test
results to related behavioral implications. Indeed,

9 1 8.8108

8.5 -

7.3575

6.5

O Research Group

O Control Group

Hbalc***

***p<0.001; data are reported as the mean (SD).

Figure 1. WBetween-group differences in HbA1C.
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in a recent study, DF participants were found
to be challenged with more severe cognitive
difficulties compared to individuals with diabetes
without this complication [17]. Adequate
adherence to the multi-faceted demands of
self-management depends on good cognitive
functioning. Another possible explanation of
this discrepancy between better adherence to
blood tests and poorer glycemic control may
lie in the greater difficulty among DFs, in this
study, to adhere to physical activity, which is
known to be positively correlated with glycemic
control [18,19]. This difficulty may be directly
related to the limitations on physical activity
imposed by the diabetic foot itself. However,
physical activity is a broad and complex concept.
Thus, although engaging in physical activities is
more challenging for individuals with DF, it is
achievable. Additionally, the discrepancy may
arise from the method of data collection: whereas
adherence to blood tests and medications was
assessed by a self-report questionnaire, glycemic
control was assessed objectively. More research is
needed to explore these contradictory findings.

[tis important to note that the higher EpAlc
levels found in the DF group in this study ( 8.8)
are also higher than consensus recommendations
[4,5]. Maintaining appropriate glycemic control
is of special importance in the prevention and
possibly healing of DF. A reduction of up to
60% in the incidence of clinical neuropathy
(a major risk factor for DF) was reported in
patients managed with intensive compared to
conventional glycemic treatment [20,21]. A
graded positive association was found between
HbAlc at baseline and during follow-up and
the risk of lower extremity amputation (LEA)
in individuals with diabetes. Each 1% increase
in baseline HbAlc was associated in this study
with a 13% (95% CI 1.08-1.17) increased risk
of LEA [22]. Interestingly, the higher HbAlc
levels in the DF group in this study, were not
accompanied by higher BMI or with less self-
reported adherence to diet. More research, using
additional objective measures of adherence,
is needed in order to explore the complex
relationships between the different aspects of
adherence in this high-risk group.

To conclude, the study’s original question
was: Does the presence of diabetic foot
complication act as a “wake up call” and translate
into better adherence? Unfortunately, the answer
is negative. Compared to individuals with
diabetes without diabetic foot, DF had the same

Adherence to self-care among individuals

or lower levels of adherence in all domains, aside
for better adherence to blood tests. They also
maintained worse glycemic control. Considering
the fact that diabetic foot remains one of the most
severe yet potentially preventable complications
of diabetes [23], we believe it is important to
take these findings into consideration. The
medical personnel treating individuals with
diabetic foot should not automatically assume
that the objective severity presented by the ulcer
will translate into increased motivation for self-
care. A pro-active approach should probably
be implemented, with enhanced therapeutic
patient education and support for diabetes self-
management.

Some limitations of the study should be
pointed out. First, it should be emphasized that
the cross sectional design limits the ability to
draw definitive conclusions about the causality
of adherence patterns. Secondly, some adherence
measurements relied on self-report measures
prone to bias. In addition, the cohort of
individuals with DF was recruited mainly from
the orthopedic rehabilitation department, thus
probably not representing the average individual
with DF rather more likely the more severe cases.
Prospective studies are needed in order to fully
explore this important topic.
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