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Abstract

Purpose To evaluate how self-care maintenance, self-care monitoring, and self-care management affect glycated hae-
moglobin in type 2 diabetes mellitus patients and to set cut-off points of the Self-Care of Diabetes Inventory scales using
glycated haemoglobin as outcome of interest.

Methods A secondary analysis of a previous multicentre observational cross-sectional study was conducted. Overall, 540
adults with type 2 diabetes mellitus confirmed diagnosis were involved. Socio-demographic and clinical data were
collected. Self-care maintenance, self-care monitoring, and self-care management were measured by the Self-Care of
Diabetes Inventory. Linear regression models were performed to assess the relationship between self-care maintenance,
self-care monitoring, and self-care management and glycated haemoglobin. Receiver operating characteristics curves
were carried out to identify the best cut-off score for each self-care scale considering glycated haemoglobin >7% as
outcome of interest.

Results Self-care monitoring and self-care management were associated to glycated haemoglobin in both patients without
(self-care monitoring p = 0.0008; self-care management p =0.0178) and with insulin therapy (self-care monitoring
p =0.0007; self-care management p = 0.0224). Self-care maintenance was associated to glycated haemoglobin in patients
without insulin therapy (p = 0.0118). Cut-off scores providing the best performance were 70 points for self-care maintenance
and self-care monitoring, and 60 points for self-care management.

Conclusions Self-care maintenance, self-care monitoring, and self-care management differently affect glycated haemoglobin
in patients with type 2 diabetes mellitus. Clinicians could implement tailored interventions to improve glycaemic control
considering the lacking area of self-care.
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Introduction

Diabetes is one of the most relevant public health chal-
lenges [1, 2], affecting 463 million people worldwide [3].
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Self-care was defined as “a process of maintaining health
through health-promoting practices and managing illness”
[13, 14]. Self-care includes self-care maintenance, self-care
monitoring, and self-care management. Self-care main-
tenance comprises those behaviours aimed at maintaining
physical and emotional stability. In diabetes, it means for
example adherence to medications, diet, and physical
activity recommendations. Self-care monitoring includes
behaviours to monitor changes in the body and recognise
signs and symptoms. In diabetes, it comprises blood glucose
and blood pressure monitoring, and symptom of hypo- or
hyperglycaemia recognition. Self-care management is the
process of responding to those changes when they occur. In
diabetes, this is for example to manage episodes of hypo- or
hyperglycaemia [13-15]. Self-care in diabetes is associated
with improved glycaemic control [7, 11, 16]. Glycated
haemoglobin (HbAlc) is the main indicator of long-term
glycaemic control because it is able to reflect the cumulative
glycaemic trend of the last 2-3 months [17, 18]. Higher
HbA1c was associated with higher risk of diabetes compli-
cations, coronary heart disease, and stroke [17]. Reduction in
HbAlc levels was associated with a decrease in the risk of
microvascular complications and diabetes mortality [19].

Several studies assessed the association between one or
more specific self-care behaviours (i.e. exercise, diet, foot
care, adherence to medication) and HbAlc [7, 11, 16, 20-24].
However, the dynamic and complexity of self-care as a pro-
cess were never taken into account while studying the rela-
tionship between self-care and glycaemic control.
Furthermore, the association between self-care maintenance,
self-care monitoring, and self-care management and HbAlc
was never assessed before. Having this knowledge could be
relevant for several reasons. First, it could help clinicians in
identifying patients at risk of poor glycaemic control,
according to their self-care levels. Second, it could allow to
personalise interventions to improve self-care and glycaemic
control: self-care maintenance, for example, requires moti-
vation while self-care monitoring and self-care management
require skills and problem-solving abilities respectively [14].
Third, it could deepen the overall understanding of the phe-
nomenon of self-care and its relationship with T2DM
patients’ clinical outcomes.

The primary objective of this study was to assess the
associations between self-care maintenance, self-care mon-
itoring, and self-care management and HbAlc in T2DM
patients. To do so, the Self-Care of Diabetes Inventory
(SCODI) has been used because it was specifically devel-
oped to measure these three concepts [15]. It was also
shown to be a psychometrically sound tool to measure self-
care in the T2DM population [25, 26]. However, cut-off
scores defining adequate or inadequate self-care of the
SCODI scales by objective external criteria have not been
defined yet. Thus, the secondary aim of this study was to

estimate cut-off scores of self-care maintenance, self-care
monitoring, and self-care management scales using HbAlc
as the outcome of interest.

Methods

This study is a secondary analysis of a previous multicentre
observational cross-sectional study [26]. No further data
have been collected for this study. Ethical approval was
obtained by the Institutional Review Boards of participating
centres. Signed informed consent was obtained from all
study participants. Study procedures were conducted
according to the ethical standards of the responsible com-
mittee on human experimentation (institutional and
national) and with the Declaration of Helsinki [27].

Sample

A consecutive sample of 540 T2DM patients was recruited
in six outpatient diabetes clinics in the North of Italy during
outpatient visits, as described in the parent study [26].
Briefly, inclusion criteria were: confirmed diagnosis of
T2DM according to guidelines criteria [28] and age > 18
years. Exclusion criteria were: first visit to the diabetes
centre; time since the diagnosis of diabetes <1 year;
inability to read the study questionnaire; documented cog-
nitive impairment; types of diabetes different from type 2
(as type 1 diabetes, gestational diabetes, or impaired glucose
tolerance) [28].

Measurement

Socio-demographic data including gender, age, occupa-
tional status, family income, school education, and family
support were collected. Clinical data such as years from
T2DM diagnosis, body mass index (BMI), presence of
comorbidities, presence of diabetes microvascular compli-
cations (diabetic retinopathy, diabetic kidney disease, dia-
betic foot, diabetic neuropathy), and last available value of
glycated haemoglobin (HbAlc) were collected by review-
ing medical records. Standardised criteria from clinical
guidelines were used to verify the T2DM diagnosis and to
assess the presence of comorbidities [28].

The SCODI is the self-report tool used to measure self-
care maintenance, self-care monitoring, and self-care man-
agement as main variables of this study [15]. The SCODI
was developed based on the Middle Range Theory of Self-
Care of Chronic Illness [14] and it was demonstrated to be a
valid and reliable measure of diabetes self-care [15]. Briefly,
the self-care maintenance scale measures adherence to main
diabetes treatments (i.e. medication, diet exercise). The self-
care monitoring scale includes body listening behaviours,
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such as blood glucose or blood pressure monitoring and
symptom recognition behaviours. The self-care manage-
ment scale includes those behaviours performed by patients
to manage symptoms, high or low blood glucose levels, and
health problems when they occur. Furthermore, the SCODI
allows to measure self-care confidence that is known to be a
strong determinant of self-care [14, 15, 26, 29]. Self-care
confidence was defined as the degree of confidence a patient
has in her/his ability to perform adequate self-care [14]. In
this study, self-care confidence was used to adjust the
association between self-care behaviours and HbAlc, as
better described below. A five-points Likert type scale
measures every item of the SCODI. All the SCODI scales
provide a 0-100 standardised score where higher scores
mean better self-care. Until now, a cut-off of 70 points has
been used to classify self-care maintenance, self-care
monitoring, self-care management, and self-care con-
fidence as adequate (>70) or inadequate (<70), as per pre-
vious similar studies and tools [15, 30-32].

Statistical analysis

Socio-demographic and clinical data were described with
frequencies and percentages when variables were catego-
rical and with median and interquartile range when con-
tinuous. Patients were stratified according to whether they
had insulin treatment because of the differences in their
clinical history and self-care behaviours [33]. Moreover, we
found a significant interaction between insulin treatment
and self-care in the linear regression models on HbAlc.
Comparisons of socio-demographic and clinical character-
istics between patients with and without insulin treatment
were performed using y* test or Mann-Whitney U test, as
appropriate.

To investigate the association between self-care main-
tenance, self-care monitoring, and self-care management
and HbAlc, linear regression models were adopted, after
checking on the linearity assumption. Quadratic and cubic
terms were added among the regressors in case of departure
from linearity and the likelihood ratio test (LRT) was used
to test the overall significance. The associations were
adjusted for the following covariates: gender, age, low
income, school education, occupation, family support, years
from diagnosis of diabetes, number of comorbidities, BMI,
self-care confidence, and education in diabetes over the last
year. The HbAlc value was considered as percentage in the
models and also converted in mmol/mol for descriptive
purposes.

Receiver operating characteristics (ROC) curve was
applied out to identify the best cut-off score by Youden
method for each self-care scale using HbAlc as gold stan-
dard and considering a value >7% as inadequate [18]. The
area under the ROC curve (AUC), as the measure of the
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ability of each self-care scale to distinguish between ade-
quate and inadequate HbAlc, was also calculated. More-
over, sensitivity and specificity of the best cut-off score
were calculated for each scale and compared with the
commonly used threshold score of 70 points.

Results

Socio-demographic and clinical data of the patients, overall
and divided according to the presence or not of insulin
treatment, are shown in Table 1 together with self-care
scales scores. The overall sample of 540 T2DM patients
was mostly composed by men (58%; n=311) aged
60 years or more (77%; n = 415), retired (75%; n = 402) and
with a low level of education (none, elementary or middle
school: 83%; n=448). Almost half of the sample (47%;
n =252) have had T2DM for at least 10 years, and the vast
majority (87%; n =469) had at least one comorbidity. Only a
small proportion of patients (6%; n=32) had received
education about self-management in diabetes over the last
year. Most of the patients (69%; n = 370) were taking oral
glucose-lowering medications, the remaining part (31%;
n=170) were taking also insulin. HbAlc blood level was
mostly (58%; n=2311) over the typically suggested gly-
caemic goal of 7% (53 mmol/mol) [18] (median =7.2%
(55 mmol/mol)), and the BMI mostly (77%; n=417)
pointed out overweight (BMI>25) (median=28.1).
Almost 40% of the sample had at least one diabetes com-
plication (39%; n=209), whose the most frequent was
retinopathy (22%; n =119). Patients under insulin treat-
ment were typically older (p =0.025), had diabetes for
longer (p<0.001), were more frequently retired (p=
0.033) and had more comorbidities (p <0.001) than those
without insulin. Furthermore, they had higher levels of
HbAlc (p<0.001) and more complications (p <0.001)
than patients without insulin therapy (Table 1).

Accounting 70 points as the cut-off score, only self-care
maintenance (median =81.3; Q1-Q3 =72.9-89.6) and
self-care confidence (median =79.6; Q1-Q3 = 66.9-93.2)
were adequate in most of the patients, respectively, in 80%
(n=432) and 70% (n=377). Self-care monitoring was
adequate in half of the patients (median =70.6) and self-
care management scores were mostly low (median = 59.4).
Self-care monitoring (p <0.001) and self-care confidence
(p = 0.023) scores were better for patients under insulin
treatment than for the others.

The presence of insulin therapy was shown to be a
modifier of the effect of self-care monitoring (LRT between
model without and model with an interaction term of insulin
therapy with self-care monitoring p =0.041) and self-care
management (LRT between model without and model with
interaction p =0.001) on HbAlc, showing that their effect
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Table 1 Socio-demographic and clinical characteristics of the sample overall and divided by the presence or absence of insulin therapy

Variable Total Patients without insulin Patients with insulin p value
therapy therapy
n 540 370 170
Gender Females 229 (42%) 151 (41%) 78 (46%) 0.311
Age 69 [61-77] 68 [59-76] 72 [63-78] 0.025
Median [1st—3rd quartile]
Occupation Unemployed 12 (2%) 7 2%) 5 3%) 0.033
Working 126 (23%) 98 (26%) 28 (16%)
Retired 402 (75%) 265 (72%) 137 (81%)
Low income Yes 209 (39%) 141 (38%) 68 (40%) 0.746
School education None 2 (1%) 1 (0%) 1 (1%) 0.401
Elementary 277 (51%) 190 (51%) 87 (51%)
Middle school 169 (31%) 109 (30%) 60 (35%)
High school 80 (15%) 61 (17%) 19 (11%)
Degree 12 2%) 9 (2%) 3 2%)
Family support Lives alone 93 (17%) 61 (16%) 32 (19%) 0.515
Lives with at least 389 (72%) 272 (74%) 117 (69%)
one person
Presence of caregiver 58 (11%) 37 (10%) 21 (12%)
Years from T2DM diagnosis 8 [4-15] 7 [4-11] 13 [8-20] <0.001
Median [1st—3rd quartile]
Education in diabetes Yes 32 (6%) 21 (6%) 11 (6%) 0.867
BMI 28.1 [25.3-32.0] 28.1 [25.3-32.3] 28.1 [25.3-31.7] 0.653
Median [1st—3rd quartile]
Number of comorbidities 2 [1-3] 2 [1-3] 3 [24] <0.001
Median [1st—3rd quartile]
Retinopathy Yes 119 (22%) 56 (15%) 63 (37%) <0.001
Kidney disease Yes 75 (14%) 28 (8%) 47 (28%) <0.001
Diabetic foot Yes 24 (4%) 10 3%) 14 (8%) 0.008
Neuropathy Yes 50 (9%) 29 (8%) 21 (12%) 0.128
Number of complications 0 331 (61%) 266 (72%) 65 (38%) <0.001
1 161 (30%) 88 (24%) 73 (43%)
2 39 (7%) 14 (4%) 25 (15%)
3 9 2%) 2 (1%) 7 (4%)
Self-care confidence score 79.6 [66.9-93.2] 77.3 [63.6-93.2] 84.1[70.5-95.5] 0.023
(0-100)
Median [1st—3rd quartile]
Self-care maintenance score 81.3 [72.9-89.6] 81.3 [72.9-89.6] 81.3 [72.9-87.5] 0.551
(0-100)
Median [1st—3rd quartile]
Self-care monitoring score 70.6 [55.9-85.3] 67.7 [52.9-82.4] 79.4 [61.8-88.2] <0.001
(0-100)
Median [1st—3rd quartile]
Self-care management score 59.4 [40.2-75.0] 59.4 [37.5-75.0] 62.5[47.2-72.2] 0.212
(0-100)
Median [1st—3rd quartile]
HbAlc % 7.2 [6.7-8.0] 7.0 [6.6-7.5] 8.1 [7.2-9.0] <0.001

Median [1st—3rd quartile]
mmol/mol 55 [50-64] 53 [49-58] 65 [55-75]

was different in the two subgroups. Thus, we stratified the =~ maintenance for homogeneity (LRT between model without
sample by insulin therapy, including also self-care  and model with interaction p = 0.144). We did not find any
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p=0.0118 Re p=0.1231

) ®

o o

2 2

Q o

= >

° °

o o

E E

o o

X -4

o Fe]

I I

0 80 0 80
Self-care maintenance score Self-care maintenance score

p=00008 -7 e p=0.0007

0 g o

o o

2 =

[ [

= =

° °

o o

E _ E

o © o

X Z

o o

I I

0 80 © 80
Self-care monitoring score Self-care monitoring score

p=0.0178 p=0.0224

0 @

o o

2 2

[} [

> >

° °

o o

E E

L5 o

4 4

=] o

I = I

40 &0
Self-care management score

40

Self-care management score

Fig. 1 Regression lines and curves of self-care maintenance, self-care monitoring, and self-care management and HbAlc

other variable as modifier of the effect of self-care on
HbAlc. As showed in Fig. 1, HbAlc was inversely corre-
lated with self-care. In patients without insulin therapy, for
each increment of ten points of self-care maintenance,
HbAlc percentage decreased by 0.09 (beta = —0.009; 95%
CI=-0.016 to —0.002) and for each increment of ten
points of self-care monitoring, HbAlc decreased by 0.08
(beta= —0.008; 95% CI=—-0.012 to —0.003). Self-care
management had a quadratic relationship with HbAlc (LRT
p =0.0178): the curve showed very stable values of HbAlc
up to about 55 points score, beyond which the concentration
of HbAlc was slowly reduced by the increase in the self-
care management scores. For patients under insulin treat-
ment, there was no significant relationship between self-care
maintenance and HbAlc (LRT p =0.1231). We found a
cubic relationship between self-care monitoring and HbAlc
(LRT p =0.0007): from 40 to 80 points in self-care mon-
itoring score, HbAlc blood level was progressively
reduced; from 80 to 100 points the relationship seemed to
reverse its trend. Finally, self-care management had a linear
relationship with HbAlc: for each increment of ten points in
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self-care management, HbAlc measured as a percentage
decreased by 0.13 (beta =—0.013; 95% CI= —0.024 to
—0.002). The results of univariate models are shown in
Tables 5, 6, and 7 in Supplementary Material.

When adjusting for relevant covariates, the association
between self-care maintenance and HbAlc in patients
without insulin therapy became not significant (p = 0.2000)
(Table 2). Presence of family support (p =0.0383), years
from diagnosis (p <0.0001), BMI (p =0.0080), and self-
care confidence (p =0.0024) resulted significantly asso-
ciated with the outcome. For patients under insulin treat-
ment, only age (p = 0.0303) and presence of family support
(p =0.0168) showed a statistically significant association
with HbAlc (Table 2).

Self-care monitoring in patients without insulin therapy
was associated with HbAlc (p = 0.0432) together with lack
of occupation (p =0.0494), presence of family support
(p =0.0483), years from diagnosis (p = 0.0003), BMI (p =
0.0058), and self-care confidence (p = 0.0301). For patients
with insulin therapy the cubic relationship between self-care
monitoring and HbAlc was significant (LRT p = 0.0004),
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Table 2 Association between

. Variable Patients without insulin therapy Patients with insulin therapy (n = 170)

self-care maintenance and (n=370)

HbAIc by multivariable _

regression models in patients Est (95% CI) p value Est (95% CI) p value

without and with insulin therapy
(Intercept) 7.645 (6.525 to 8.765) <0.0001 14.341 (7.057 to 21.626) <0.0001
Self-care maintenance —0.005 (—0.012 to 0.002) 0.2000 —0.091 (—0.275 to 0.094) 0.3334
Self-care maintenance” - - 0.001 (—0.001 to 0.002) 0.3163
Gender (M) 0.024 (0.177 to 0.224) 0.8158  0.099 (—0.353 to 0.551) 0.6660
Age —0.005 (—0.016 to 0.005) 0.3155 —0.030 (—0.058 to —0.003)  0.0303
Occupation (non- —0.252 (—0.516 to 0.011) 0.0606  0.207 (—0.576 to 0.990) 0.6025
working)
Low income (yes) —0.113 (—-0.325 to 0.100) 0.2975  0.271 (—0.197 to 0.740) 0.2547
School education (low) 0.233 (—0.029 to 0.495) 0.0806  0.418 (—0.274 to 1.111) 0.2344
Family support (presence —0.276 (—0.537 to —0.015)  0.0383 —0.712 (—1.293 to —0.130)  0.0168
of cohabitant or
caregiver)
Years from T2DM 0.030 (0.013 to 0.047) <0.0001  0.009 (—0.017 to 0.036) 0.4899
diagnosis
Education in 0.198 (—0.216 to 0.613) 0.3469  0.785 (—0.177 to 1.747) 0.1088
diabetes (yes)
BMI 0.025 (0.007 to 0.044) 0.0080 —0.011 (—0.053 to 0.031) 0.6018
Comorbidities 0.019 (—0.055 to 0.092) 0.6181 —0.002 (—0.162 to 0.157) 0.9768
Self-care confidence —0.007 (—0.012 to —0.003)  0.0024 —0.009 (—0.022 to 0.004) 0.1579

Patients without insulin therapy: R> = 0.1128, model p value (F-statistic) = 1.989 x 107

Patients with insulin therapy: R?=0.1409, model p value (F-statistic) =0.0268, self-care maintenance

p value (LRT) = 0.5554

together with the association of age (p =0.0095) and pre-
sence of family support (p = 0.0047) with HbAlc (Table 3).

Concerning self-care management in patients without
insulin treatment, there was a significant quadratic rela-
tionship with HbAlc (LRT p = 0.0278). In the same model,
lack of occupation (p =0.0450), low level of education
(p =0.0463), presence of family support (p =0.0309),
years from diagnosis (p =0.0007), BMI (p = 0.0034), and
self-care confidence (p =0.0005) were associated with
HbAlc. For patients under insulin treatment, the HbAlc
level was significantly influenced by self-care management
(p =0.0375), age (p=0.0157), and presence of family
support (p =0.0098) (Table 4).

The ROC curves identifying best cut-offs of self-care
scales with respect to suboptimal HbAlc (HbAlc>7%)
[18] are shown both for patients without and with insulin
therapy in Fig. 2. The best cut-off for self-care maintenance
scale in patients without insulin therapy was 76.04 points,
with AUC of 0.578. For patients with insulin therapy, it was
not meaningful to identify a cut-off, because the association
between self-care maintenance and HbAlc was not sig-
nificant in the linear regression model. However, although it
is not properly useful, we reported this cut-off in Fig. 2 for
homogeneity. ROC curve of self-care monitoring scale,
both in patients without and with insulin therapy showed
best cut-off equal to 77.94 points, with AUC, respectively,

of 0.608 and 0.627 (Table 8 in Supplementary Material).
For self-care management scale in patients without insulin
treatment, the best cut-off was 60.94, with AUC of 0.552.
For patients with insulin therapy, the best cut-off was 56.94
and the AUC was 0.604. When compared with the 70 points
cut-off—the one used by previous studies [15, 30-32]—
best cut-off scores by Youden method had lower sensitivity
than 70 for self-care maintenance in patients without insulin
therapy (0.85 vs 0.73) and for self-care monitoring both in
patient without (0.54 vs 0.42) and with insulin therapy (0.84
vs 0.75). For self-care management, sensitivity was higher
using best cut-offs by Youden method both in patients
without (0.52 vs 0.36) and with insulin therapy (0.81 vs
0.34). AUC, sensitivity, and specificity of the best cut-off
scores compared to 70 points cut-off were shown in Table 8
in Supplementary Material for each self-care scale.

Discussion

The aims of this study were to evaluate how self-care
maintenance, self-care monitoring, and self-care manage-
ment affect HbA 1c in T2DM patients and to identify cut-off
scores of self-care scales using HbAlc as gold standard. To
the best of our knowledge, this is the first study addressing
these issues. We found that self-care maintenance, self-care
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Table 3 Association between self-care monitoring and HbAlc by multivariable regression models in patients without and with insulin therapy

Variable Patients without insulin therapy Patients with insulin therapy (n = 170)

(n=370)

Est (95% CI) p value Est (95% CI) p value
(Intercept) 7.446 (6.454 to 8.437) <0.0001  5.981 (0.983 to 10.979) 0.0193
Self-care monitoring —0.005 (—0.010 to 0.000) 0.0432  0.345 (0.102 to 0.587) 0.0057
Self-care monitoring2 - - —0.006 (—0.011 to —0.002) 0.0021
Self-care monitoring’ - - 0.3519 x 107 (0.1619 to 0.5699)x 10™* 0.0015
Gender (M) 0.0003 (—0.202 to 0.201)  0.9977  0.007 (—0.431 to 0.446) 0.9740
Age —0.005 (—0.015 to 0.006) 0.3626 —0.035 (—0.061 to —0.009) 0.0095
Occupation (non-working) —0.263 (—0.526 to —0.001)  0.0494  0.299 (—0.450 to 1.049) 0.4313
Low income (yes) —0.117 (—0.329 to 0.094) 0.2764  0.292 (—0.157 to 0.741) 0.2003
School education (low) 0.233 (—0.028 to 0.493) 0.0801  0.341 (—0.317 to 0.998) 0.3079
Family support (presence of cohabitant or —0.262 (—0.522 to —0.002)  0.0483 —0.799 (—1.350 to —0.248) 0.0047
caregiver)
Years from diagnosis 0.032 (0.015 to 0.049) 0.0003  0.017 (—0.009 to 0.043) 0.1935
Education in diabetes (yes) 0.182 (—0.231 to 0.595) 0.3864  0.859 (—0.045 to 1.763) 0.0623
BMI 0.026 (0.008 to 0.045) 0.0058 —0.007 (—0.047 to 0.033) 0.7364
Comorbidities 0.014 (—0.060 to 0.087) 0.7108  0.037 (—0.117 to 0.191) 0.6380
Self-care confidence —0.006 (—0.011 to —0.001)  0.0301  0.0005 (—0.013 to 0.014) 0.9465

Patients without insulin therapy: R*> = 0.1188, model p value (F-statistic) =7.577 x 107¢
Patients with insulin therapy: R*=0.2222, model p value (F-statistic) = 0.0002, self-care monitoring p value (LRT) = 0.0004

Table 4 Association between self-care management and HbAlc by multivariable regression models in patients without and with insulin therapy

Variable Patients without insulin therapy (n =370) Patients with insulin therapy (n = 170)
Est (95% CI) p value  Est (95% CI) p value
(Intercept) 6.886 (5.862 to 7.911) <0.0001  11.776 (9.267 to 14.285) <0.0001
Self-care management 0.018 (0.004 to 0.031) 0.0089 —0.014 (—0.026 to —0.001)  0.0375
Self-care management2 —0.00016 (—0.00028 to —0.00003)  0.0165 - -
Gender (M) 0.058 (—0.143 to 0.258) 0.5718 0.030 (—0.416 to 0.476) 0.8954
Age —0.005 (—0.015 to 0.005) 0.3434 —0.034 (—0.061 to —0.006)  0.0157
Occupation (non-working) —0.269 (—0.533 to —0.006) 0.0450 0.260 (—0.510 to 1.030) 0.5052
Low income (yes) —0.079 (—0.290 to 0.133) 0.4638 0.181 (—0.286 to 0.647) 0.4456
School education (low) 0.266 (0.004 to 0.527) 0.0463 0.332 (—0.346 to 1.010) 0.3353
Family support (presence of cohabitant or caregiver) —0.287 (—0.547 to —0.027) 0.0309 —0.751 (—1.319 to —0.184)  0.0098
Years from diagnosis 0.030 (0.013 to 0.047) 0.0007 0.012 (—0.015 to 0.038) 0.3852
Education in diabetes (yes) 0.232 (—0.182 to 0.646) 0.2717 0.921 (—0.002 to 1.844) 0.0505
BMI 0.028 (0.009 to 0.046) 0.0034 —0.013 (—0.054 to 0.028) 0.5177
Comorbidities 0.026 (—0.048 to 0.101) 0.4846  —0.003 (—0.160 to 0.155) 0.9736
Self-care confidence —0.009 (—0.015 to —0.004) 0.0005 —0.002 (—0.016 to 0.012) 0.7649

Patients without insulin therapy: R> = 0.1257, model p value (F-statistic) = 5.245 x 107, self-care management p value (LRT) = 0.0278
Patients with insulin therapy: R> =0.1585, model p value (F-statistic) = 0.0057

monitoring, and self-care management differently affect
glycaemic control in patients with T2DM. Self-care mon-
itoring and self-care management are associated with
HbAlc in both patients without and with insulin therapy.
Self-care maintenance is associated with HbAlc in patients
without insulin therapy. Furthermore, we found that cut-off

@ Springer

scores providing the best sensitivity and specificity to
identify suboptimal HbAlc (>7%) for the three self-care
scales are different among the scales, and also different
from the ones used in previous studies [15, 30-32]. These
findings are relevant for several reasons. First, clinicians can
identify patients at risk of poor glycaemic control,
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Fig. 2 Best cut-off (by Youden method) for self-care scales in patients without and with insulin therapy

according to their self-care levels. Second, interventions to
improve glycaemic control can be tailored, accounting for
the area of self-care that is lacking. Finally, the cut-off

scores we identified can be used in future research to

identify inadequate self-care, according to the patients’
likelihood to have suboptimal glycaemic control.

@ Springer
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We found that higher scores of self-care monitoring in
patients not receiving insulin were associated with lower
HbAlc. This is consistent with previous studies where
interventions aimed to improve patients’ self-monitoring of
blood glucose significantly reduced HbAlc [19, 34, 35].
However, explaining this finding, we need to consider that
the self-care monitoring scale includes also weight mon-
itoring [36, 37], blood pressure monitoring [38], feet
examination, and symptom recognition that were shown to
be relevant for T2DM patients. Interestingly, although these
behaviours do not directly affect HbAlc, they probably
support patients’ self-awareness [39], which contributes to
guide self-care decision-making and, consequently,
improves health outcomes [18, 19]. Higher self-care mon-
itoring was also associated with lower HbAlc in patients
under insulin treatment. Surprisingly, looking at the
regression curve, after the score of about 80 points, we
found that higher scores of self-care monitoring were pro-
gressively associated with increasing values of HbAlc. This
pattern might reflect the cross-sectional nature of the study.
In fact, it seems that these patients improved their self-care
monitoring in response to their inadequate HbAlc, as also
found in previous studies [40, 41]. Indeed, the HbAlc of
patients under insulin treatment was significantly higher,
and we argue that the perceived severity of their clinical
situation was higher in these patients, leading to the
improvement of self-care monitoring [42, 43].

Self-care management was also significantly associated
with HbAlc in patients both without and with insulin
therapy. In the first group we found an almost flat curve up
to a self-care management of about 55, representing a
probably low influence of poor self-care management on
HbATc. This could be due to the rare incidence of the signs
and symptoms, measured by the self-care management
scale, in this group of patients [44]. However, higher scores
of self-care management showed an association with lower
HbAlc [45]: according to the model, a patient with a 60
points score will have an HbAlc of 7.2%, while a patients
with a 90 or 100 points score will have respectively an
HbAlc of 6.9 and 6.7%. In patients under insulin treatment,
we found a relevant inverse association both in univariate
and in multivariate linear models. These patients had sig-
nificantly worst HbAlc when compared to the other group
and probably they experienced more signs and symptoms
[33]. Therefore, the more patients were able to perform self-
care management when signs and symptoms occurred, the
more HbAlc level improved, as also reported in the lit-
erature [46, 47].

As per self-care maintenance, in the simple linear model
we found a significant association with HbAlc in patients
without insulin therapy, but not in patients taking insulin.
When adjusting for other socio-demographic and clinical
variables, the association was not significant in both groups.

@ Springer

This is surprising because we expected self-care main-
tenance to be strongly associated with HbAlc, as the scale
assesses the adherence to major diabetes treatments. How-
ever, the scale is multidimensional and investigates het-
erogeneous behaviours [15]. In fact, self-care maintenance
concerns diet, physical activity, and medications, that
directly influence HbAlc [48], but also oral hygiene,
smoking, feet care, vaccinations, hand washing, and
adherence to visits and check-ups, that have not a direct
influence on HbAlc. Thus, as the self-care maintenance
construct is so complex, future research should study it
longitudinally to better understand if changes in self-care
maintenance have an effect on HbAlc.

ROC curves showed that the best cut-off scores for the
self-care maintenance, self-care monitoring, and self-care
management scales to identify patients with suboptimal
HbA1c should be different from the score of 70, used until
now [15, 30-32]. However, this finding should be discussed
according to the aim of the instrument and the area of its
application. First, the SCODI was not developed with a
diagnostic purpose for HbAlc, but to measure patients’ self-
care behaviours. That is why we did not expect to find high
AUCs, as our results showed. Second, for a clinical pur-
pose, we believe that sensitivity is the most relevant para-
meter to consider because we would rather have more false-
positive than false-negative cases, based on the HbAlc
outcome. In fact, although false-positives might have good
glycaemic control, they could benefit anyway from a more
in-depth assessment of their knowledge, attitudes, and
self-care [11]. Thus, based on our results, we recommend a
cut-off score of 70 points for self-care maintenance and self-
care monitoring, and a cut-off score of 60 points for self-
care management. Again, these cut-off scores should be
studied longitudinally in the future. However, our findings
add relevant information because they are based on an
external objective criterion never tested before for the
SCODTI’s scales.

Limitations and strengths

The cross-sectional nature of this study represents its main
limitation, because it does not allow to determine if self-care
behaviours put in place by patients are the cause or the
effect of HbAlc levels. Another weakness of the study is
not having considered patients’ haemoglobin level: it could
affect HbAlc independently of glycaemic control, espe-
cially in patients with renal failure [49]. However, not
having collected this information, we have performed a
sensitivity analysis excluding the 75 patients with diabetic
kidney disease and we have verified that our results did not
undergo any significant change. Although the study was
conducted in one country, the main socio-demographic and
clinical characteristics of the sample were comparable to
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those in the international literature [50]. Moreover, sample
size was quite large and the recruitment was consecutive.
To the best of our knowledge, this was the first study
investigating the relationship between self-care and HbAlc
taking into account the complexity of the self-care process
as defined by the Middle Range Theory of Self-care of
Chronic Illness [14] and using a theoretically grounded
psychometrically sound measure [15] for this purpose.

Conclusions

Measuring self-care and supporting patients to improve self-
care is relevant for achieving good health outcomes in dia-
betes. Knowing how self-care maintenance, self-care mon-
itoring, and self-care management affect HbAlc has
implications both for clinical practice and research. Clini-
cally, patients with inadequate self-care monitoring and self-
care management should be considered at high risk of
inadequate glycaemic control. Therefore, interventions
should be administered to them to improve their clinical
condition. Even if self-care maintenance was not associated
with patients’ glycaemic control, patients with inadequate
self-care maintenance require further assessment according
to the complexity of this part of the self-care process. Further
research should: assess the association between self-care
maintenance, self-care monitoring, and self-care manage-
ment and HbAlc by longitudinal designs, also using other
instruments than the SCODI; estimate prospectively the best
cut-off scores of the SCODI scales assessing changes in
HbAlc over time; and develop and test interventions to
improve HbA 1c through tailored self-care maintenance, self-
care monitoring, and self-care management support.
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