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Aim: It is a constant challenge for people with type 1 diabetes to maintain appropriate levels of HbA1c,
blood pressure and blood lipids in order to prevent or delay deleterious effects of their illness. This study
sought to investigate if Sense of Coherence (SOC) is associated with clinical risk factors in people with
type 1 diabetes.
Methods: Questionnaire data, including measure of SOC, was collected from 125 patients with long dura-
tion of type 1 diabetes and linked to electronic patient records to obtain clinical measures on HbA1c,
blood pressure, and blood lipids. Linear regressions and generalized additive models were applied to
explore the associations between SOC and clinical biomarkers.
Results: Mean age of the participants was 60.7 years (standard deviation = 10.0), 44.0% were men.
Medium and high SOC were associated with lower levels of LDL-cholesterol (p = 0.005). This association
was non-linear with medium and high levels of SOC being advantageous whereas low SOC was associated
with elevated levels of LDL-cholesterol. Moreover, we observed non-significant tendencies to associations
between low SOC and low HDL-cholesterol, and elevated HbA1c.
Conclusions: Findings from this study suggest that high SOC may be protective against elevated LDL-
cholesterol among people with type 1 diabetes. Interventions to improve self-management among people
with low SOC may prove effective to prevent deterioration of metabolic risk factors.
� 2017 The Authors. Published by Elsevier Inc. This is an open access article under theCCBY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction

Successful self-management is a cornerstone for people with
diabetes in maintaining well-controlled blood glucose levels and
preventing elevated blood pressure and dyslipidaemia, which, in
the long term increase risk of development of diabetic complica-
tions, morbidity and mortality. Despite multifactorial intervention
efforts to control these risk factors, there is an unmet need for
improving clinical management strategies to prevent diabetes pro-
gression and improve professional abilities and quality of life in
patients with type 1 diabetes [1].

Sense of Coherence (SOC) is a concept coined by Aaron Anto-
novsky [2] which constitutes a resource that enables people to
cope with life challenges in a health-promoting manner. The
concept was originally developed to determine how some people
manage to maintain well-being despite chronic or extreme stress
exposure. A questionnaire scale to measure SOC, developed by
Antonovsky, has been widely used in health research [3]. Higher
SOC has been associated with improved self-management in rela-
tion to chronic diseases [4], including diabetes [5]. Thus, high
SOC is suggested to be protective against development of type 2
diabetes [6,7] and associated with successful lifestyle change in
subjects at risk of type 2 diabetes [8]. Among people with diabetes
high SOC has been associated with high diabetes-specific self-
efficacy [9], prudent food choices and higher physical activity
[10], improved glycaemic control measured with HbA1c [11] and
decreased risk of complications in men [1]. The SOC concept mea-
sures the capacity of an individuals to effectively cope with life
events such as chronic disease [12]. Thus, high SOC has been asso-
ciated with enhanced self-management among people with
chronic illness such as; prudent food choices [13], successful life-
style changes [8,14], and medical adherence [15].Factors that con-
tribute to avoidance of adverse consequences of diabetes.
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SOC may explain why some patients manage to stay free of
chronic diabetes complications despite similar disease challenges,
while others experience deleterious consequences of their disease.
Despite a growing body of research on diabetes management, stud-
ies on associations between SOC and diabetes progression are still
scarce. Specifically, the association between SOC and clinical
biomarkers such as blood pressure and lipid profiles have not yet
been studied in patients with type 1 diabetes. Therefore, we aimed
to quantify the association between SOC and HbA1c and lipids,
respectively in patients with type 1 diabetes and long disease
duration.
Table 1
Descriptive statistics for the study population (N = 125).

N %

Women 70 58
In relationship 93 79
Higher Education 88 75
Active lifestyle (moderate/high level of exercise) 109 95

Mean SD
Age (years) 60.7 9.6
Diabetes duration (years) 41.2 7.9
Sense of Coherence (SOC) 71.3 11.5
Material and methods

Study population

The current study is nested within the PROtective genetic and
non-genetic factors in diabetic complications and LONGevity (PRO-
LONG) study. Briefly, The PROLONG study (2011–2015) was an
observational, multi-Center Scandinavian study of type 1 diabetes
patients who despite long diabetes duration of more than 30 years
escaped diabetic complications, and patientswho developed persis-
tent micro albuminuria or macro albuminuria, proliferative
retinopathyor laser treatment,myocardial infarction, strokeorpres-
enceof chronic footulcer, in the course of 25 years followingonset of
diabetes. A total of 430 patients attended a clinical examination at
one of seven endocrinology/diabetes clinics in Sweden or at the
Steno Diabetes Center in Denmark (n = 183), including measure-
ment of anthropometry, biochemistry as well as a questionnaire
on familyhistoryof diabetes, lifestyle, psychosocial healthandsocial
status. The questionnaire used as part of the study visit at the Steno
Diabetes Center was modified to include the battery of questions
used in calculation of the SOC score. If necessary, participants were
offered assistance in completing the questionnaire. To avoid poten-
tial reverse causality, i.e. presence of diabetic complications influ-
encing SOC, participants with diabetic complications were not
included in the present study, leaving a study sample of 125 patients
with long-standing type 1 diabetes but free of complications.

Assessment of Sense of Coherence

SOC was evaluated using the 13-item version of Antonovsky’s
scale measuring the three dimensions of SOC, which are, meaning-
fulness, comprehensibility and manageability in a single scale [12].
The SOC scale has been widely used and validated in various cross-
cultural settings [3]. The participants were asked to indicate their
agreement with each question on a 7-point scale. The 13 individual
scores were summarized into a full continuous scale ranging from
13 to 91 with higher scores indicating higher SOC. To improve
interpretability of the scale a linear transformation was performed
where 0 was made equal to the mean of the population and one
unit corresponding to one standard deviation of the population.
Previous studies, dividing SOC into tertiles or quartiles, have found
non-linear associations between SOC and diabetes management
[1]. Thus we anticipated the possibility of non-linear associations
between SOC and the outcomes in this study. To account for poten-
tial non-linear associations we used SOC as a continuous scale in
the statistical models whilst testing models for linearity and when
necessary applying models to analyse non-linear associations.

Clinical risk factors

HbA1c, systolic blood pressure, diastolic blood pressure, LDL
cholesterol, HDL cholesterol, and triglycerides were measured
using routine clinical measurement methods.
Statistical analyses

Descriptive statistics are presented as means (SD). We applied
multiple linear regression modelling to study the associations
between SOC and clinical risk factors adjusting for possible con-
founding by sex, age and diabetes duration. Following test for lin-
earity, the associations were analysed using a standard linear
regression model. In cases of non-linearity, we applied generalized
additive models utilizing splines in order to take non-linearity into
account [16]. As the moderate number of participants only allowed
for limited flexibility, the non-linear associations were modelled
with 3 degrees of freedom. In order to fulfil the requirement for
a normal distribution of residual errors, some outcomes (HbA1c,
systolic blood pressure, HDL-C, and triglycerides) were log-
transformed prior to analysis. All statistical analyses were per-
formed using SAS 9.2 (SAS Institute, Cary NC).

Results

Out of the 183 patients included in the Steno Diabetes Center
arm of the PROLONG study, we excluded patients with complica-
tions and with missing data on key variables, rendering a popula-
tion of 120 patients for the current study. Mean SOC score was 71.3
(standard deviation (SD) = 11.5) before transformation of the scale.

Table 1 shows descriptive statistics of the study population. The
population was 58% women. More than 75% of the sample reported
to be graduates from a higher education and 79% reported to be in
a relationship. Only 5% of the population reported sedentary life-
style. The mean diabetes duration was 41 years (SD = 7.9) and
the mean age was 60.7 (SD = 9.6).

Table 2 shows the distribution of clinical risk factors measured
in the population. Data on cholesterol and triglyceride was missing
for 9 participants. Mean HbA1c was 7.5%, whilst 37 (30%) partici-
pants were at or below 7.0% and therefore considered well-
regulated according to Danish healthcare guidelines. High varia-
tions of blood pressure, cholesterol, and triglycerides were
observed.

In linear regression analyses adjusted for diabetes duration and
sex, no statistically significant associations were observed between
SOC and clinical biomarkers (Table 3). As non-linear associations
were observed in models with LDL-C and total cholesterol as out-
comes, those results are omitted from Table 3 and instead pre-
sented in Fig. 1 only.

Fig. 1 shows the non-linear associations between SOC and the
non-transformed outcome variables. The graph shows the com-
bined linear and non-linear impact on SOC with the value 0.0 cor-
responding to the average impact of SOC on the outcome, i.e. the
average participant is used as reference. As seen in Fig. 1e, medium
and high SOC is associated with lower levels of LDL-C. Thus, the
estimated impact of SOC on LDL-C does not differ between medium
and high levels of SOC. A flat or even slightly attenuated LDL-C
among participants with highest SOC can also be seen in the figure.
This indicates no further impact on LDL-C from increasing SOC



Table 2
Outcome measures.

Variable n Mean SD (min–max)

HbA1c (%) 120 7.5 0.9 (5.7–10.7)
Systolic BP (mmHg) 120 129.3 16.1 (98–178)
Diastolic BP (mmHg) 120 76.0 9.3 (54–104)
HDL-C (mmol/l) 111 1.8 0.5 (0.90–3.92)
LDL-C (mmol/l) 111 2.6 0.7 (1.2–4.9)
Triglycerides (mmol/l) 111 0.8 0.3 (0.37–2.28)
Total cholesterol (mmol/l) 111 4.8 0.8 (3.2–8.1)

Table 3
Associations between SOC and clinical biomarkers (linear regressions). b estimate indicates the estimated change in the outcome variable corresponding to one standard
deviation change in SOC.

Measure: (unit) HbA1c (%) aSystolic BP (mmHg) Diastolic BP (mmHg) aHDL-C (mmol/l) aTriglycerides (mmol/l)

n 120 120 120 111 111
b Estimate �0.110 �0.0008 �0.064 0.033 0.007
95% CI (min; max) (�0.25; 0.03) (�0.025; 0.023) (�2.45; 1.16) (�0.020; 0.087) (�0.062; 0.077)
Standard error 0.07 0.012 0.91 0.27 0.035

a Log-transformed scales used.
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among people with already high scores. The association between
SOC and LDL-C is mirrored in the associations between SOC and
total cholesterol. A tendency to lower HbA1c among participants
with high SOC can also be observed, although this association does
not reach statistical significance.
Discussion

The study population was comprised of 125 type 1 diabetes
patients free of diabetic complications despite long disease dura-
tion. Participants were in general resourceful with relatively high
levels of education and an active lifestyle. Patients were generally
well-regulated with HbA1c within or in proximity of the target
range of 7.0%. With 71.2, their mean SOC was relatively high com-
pared to findings from a recent national representative study [17].
In this study we found an association between high SOC and lower
levels of LDL-C. The association was stable across models adjusting
for main potential confounders. We did not observe associations
between SOC and blood pressure, triglyceride, or HbA1c.

LDL-C is an established risk factor for cardiovascular morbidity
among people with diabetes. There is no lower limit beyond which
further LDL-C lowering is not beneficial [18]. Drug treatment and
better medical adherence among people with high SOC may also
explain differences in cholesterol level. Prudent food choices and
regular aerobic exercise have been suggested as individual means
to decrease LDL-C levels and increase levels of HDL-C [19]. That
is in line with the non-significant tendency to increased HDL-C
levels among participants with high SOC. Low SOC has previously
been shown to predict poor medical adherence [20] and unhealthy
lifestyle [10]. Pharmacy tracking studies indicate that within
6 months to 1 year after having been prescribed cholesterol-
lowering statins, up to 50% of patients discontinue them [21–24];
after two years, non-adherence is as high as 75% [25,26]. Among
a population of type 2 patients, from the same clinic as the present
study population was drawn from, one in five participants was
non-adherent [27]. Thus, suboptimal diabetes management is a
likely pathway through which high SOC mediates low LDL-C.

Although we observed an association between high SOC and
lowered LDL-C we found no evidence for associations between
SOC and triglycerides, blood pressure, and HbA1c. This is somewhat
surprising as the means to lower triglyceride, blood pressure, and
blood glucose through self-management are highly overlapping
with the means to lower LDL-C. Frequent exercise, a balanced diet
and medical adherence are well-established factors whilst other
behaviours such as alcohol consumption and use of tobacco also
play a role. The overall good glycaemic control in the study popu-
lation providing little room for variation, may explain the absence
of associations with HbA1c. In a post hoc analysis, we analysed the
association between SOC and LDL-C adjusted for HbA1c. Following
adjustment for HbA1c, the association was similar shaped and
remained statistically significant (p = 0.007), indicating indepen-
dent mechanisms in the control of elevated LDL-C and HbA1c in
addition to the previously described overlaps. Low statistical
power may also be a contributing explanation for the lack of asso-
ciation with other lipid profiles.

To our knowledge, the association between SOC and clinical
measures have only scarcely been investigated in people with dia-
betes and is limited to studies with glycaemic control as endpoint.
Ahola et al. found an association between higher SOC and lower
HbA1c in a cross-sectional study of 1264 adult patients [1]. In their
study, low SOC, defined as lowest quartile, was associated with
poor glycaemic control also indicating particular challenges for
type 1 patients with lower SOC. Unfortunately for comparison pur-
poses the study by Aloha et al. focused on diabetic complications
rather than clinical measures as outcomes. Based on a small-
scale study of Hebrew participants, Cohen and Kanter suggested
an association between SOC and glycaemic control with adherence
as mediator [28]. In both studies, mean HbA1c was considerably
higher than in the present study which could explain inconsisten-
cies in findings. Low SOC has been associated with dyslipidaemia
in studies of non-diabetic populations [29,30] suggesting that the
association between SOC and LDL-C may be explained by a mech-
anism unrelated to diabetes.

Strengths and limitations

A major strength of the present study is the inclusion of a broad
range of clinical outcomes. Despite several previous studies on SOC
and diabetes-related outcomes, the association between SOC and
clinical measures such as cholesterol in people with diabetes, has
rarely been studied. Furthermore, the use of clinical, objectively
measured outcomes provided data with a high level of consistency
and free of the bias due to self-reports, differential attrition, and
recall bias. As all patients were treated at the same diabetes clinic
(Steno Diabetes Center), we avoided a population of people under



Fig. 1. Impact of Sense of Coherence on clinical outcomes.
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different treatment regimens which would be a potential source of
bias. The cross-sectional design prohibits any inference regarding a
potential causal relationship between SOC and the clinical out-
comes. However, as SOC is a construct that is assumed to remain
relatively stable throughout the adult life [12], it is also assumed
that SOC is the predictor of the clinical outcomes. Another limita-
tion is the limited number of participants which does not allow
us to perform informative analyses of sub-groups. Further studies
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are needed to identify potential protective characteristics among
patients at enhanced risk of elevated cholesterol.

Antonovsky assumed that SOC is relatively stable throughout
adulthood [2] although some later studies have suggested that
SOC may change over time [31–33]. Thus, SOC is not a feasible
direct target for interventions with aim of improving self-
management among people with chronic disease. However, people
with low SOC can be targeted with interventions to improve self-
management and social support to compensate for low SOC in suc-
cessful diabetes management. Perceived social support has found
to be a health promoting factor [34] and has also been associated
with improved health behaviour among people with diabetes [35].

Conclusions

In conclusion, medium and high SOC was associated with low-
ered LDL-C in this population of patients with long-standing type 1
diabetes and free of complications. Future studies and interven-
tions should focus on vulnerable patients, as identified by the
SOC instrument, in prevention, detection, and treatment of ele-
vated cholesterol levels.
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