
RESEARCH Open Access

The cross-sectional associations between sense of
coherence and diabetic microvascular
complications, glycaemic control, and patients’
conceptions of type 1 diabetes
Aila J Ahola1,2,3, Markku Saraheimo1,2, Carol Forsblom1,2, Kustaa Hietala1,2, Per-Henrik Groop1,2*,
the FinnDiane Study Group

Abstract

Background: Sense of coherence (SOC) has been associated with various self-care behaviours in the general
population. As the management of type 1 diabetes heavily relies on self-management, the SOC concept could also
prove important in this population. This paper is a report of a study conducted among patients with type 1
diabetes to assess the associations between SOC and glycaemic control, microvascular complications, and patients’
conceptions of their disease.

Methods: Altogether 1,264 adult patients (45% men, age range 18-82 years) with type 1 diabetes participated in
this cross-sectional study. SOC was evaluated using a 13-item SOC questionnaire. Standardized assays were used to
determine HbA1c. Nephropathy status was based on albumin excretion rate and retinal laser-treatment was used as
an indication of severe retinopathy. Patients’ subjective conceptions of diabetes were studied using a
questionnaire.

Results: Higher SOC scores, reflecting stronger SOC, were associated with lower HbA1c values. Strong SOC was
independently associated with reaching the HbA1c level <7.5%. Adjusting for diabetes duration, age at onset,
socioeconomic status and HbA1c, weak SOC was associated with the presence of nephropathy among men, but
not women. No associations were observed between SOC and severe retinopathy. Four dimensions describing
patients’ conceptions of HbA1c, complications, diabetes control and hypoglycaemia were formed from the diabetes
questionnaire. Weak SOC was independently associated with worse subjective conceptions in the dimensions of
HbA1c and hypoglycaemia. Furthermore among men, an association between weak SOC and the complications
factor was observed.

Conclusion: Interventions to improve patients’ SOC, if available, could improve patients’ metabolic control and
therefore also reduce the incidence of diabetic complications.

Introduction
Type 1 diabetes is a chronic disease that is frequently
associated with severe vascular complications [1].
Importantly, diabetic complications account for the
major morbidity and mortality associated with the dis-
ease [2]. Therefore prevention of these complications, by

means of strict glycaemic control, is of major impor-
tance in the management of type 1 diabetes [3]. Con-
scientious daily self-care practices, that include frequent
blood glucose monitoring and meticulous meal plan-
ning, are strongly emphasized [4,5], but despite these
meeting the treatment goals has shown to be fairly diffi-
cult [6]. Therefore, identification of factors that contri-
bute to the improved diabetes management would be of
specific importance.* Correspondence: per-henrik.groop@helsinki.fi
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The theoretical model of the sense of coherence
(SOC) has been associated with various self-care beha-
viours including cigarette smoking, physical activity,
food selection and oral health-related behaviours [7-9].
Antonovsky identified and advocated the use of SOC as
a central part of his salutogenic approach that explains
why some individuals stay healthy despite of encounter-
ing major stressors, while others do not [10]. In this
model, health and disease form a continuum from
“ease” to “disease”, rather than are seen as a dichoto-
mous variable. Whether an individual moves from one
end to another, along this continuum, depends on the
encountered stressors and the set of coping resources
available. According to Antonovsky, comprehensibility,
manageability and meaningfulness are the three compo-
nents that constitute the SOC. These components
express the extent to which one has a pervasive feeling
of confidence that the confronted stimuli are structured
and predictable (comprehensible), worthy of engagement
(meaningful), and that an individual has sufficient
resources to meet the demands of life (manageable).
The stronger the SOC, the more likely an individual is
able to select appropriate coping strategies and therefore
to move towards the “ease” end of the continuum.
Considering that the management of type 1 diabetes

relies heavily on self-management practices, the SOC
construct could also prove valuable in this patient
group. Currently the SOC is, however, rather unex-
plored among patients with type 1 diabetes and the
available data are inconsistent. While in two small stu-
dies conducted among patients with insulin-dependent
diabetes, SOC was not associated with the metabolic
control [11,12], in a mixed population consisting of
patients with type 1 and type 2 diabetes, strong SOC
was associated with better glycaemic control [13].
Due to the limited and conflicting evidence obtained

thus far, we aimed to investigate whether weak SOC is
associated with glycaemic control and microvascular
complications among patients with type 1 diabetes.
Additionally, the association between SOC and patients’
subjective conceptions of the disease was investigated.
We hypothesised that weak SOC is associated with poor
metabolic control and the presence of microvascular
complications. Furthermore we expected weak SOC to
be reflected in more negative self-reports of diabetes
and its management.

Methods
Cross-sectional data from a total of 1,264 patients with
type 1 diabetes participating in the Finnish Diabetic
Nephropathy Study (FinnDiane) were included. Since its
launch in 1997, data from more than 4,800 patients
have been collected in the FinnDiane Study. However,
the collection of SOC data did not start until September

2003. In the present study, all patients providing SOC
data by April 2010 were included. The study protocol
was approved by the Ethics Committee of the Hospital
District of Helsinki and Uusimaa, and patients gave
written informed consent prior to participation.
During the visits, patients were provided with ques-

tionnaires to be completed at home. First, Antonovsky’s
13-item SOC questionnaire was applied [10]. The ques-
tionnaire has shown to be reliable, valid and cross cultu-
rally applicable [14]. On a seven point Likert-type scale,
patients select a reply for each question between two
extremes (i.e. very often and never). After a reverse
scoring for questions 1, 2, 3, 7, and 10, all items were
summed to obtain the SOC score. Patients that did not
provide answers to all questions were excluded (n = 47).
In the questionnaire, potential scores range between 13
and 91; the higher the score, the stronger the SOC. The
ordinal SOC score was used as a continuous variable
and patients were additionally divided into quartiles
based on their SOC score, as previously seen [8]. The
lowest quartile was considered to have weak SOC, and
was compared to the remaining patients.
Second, in a structured questionnaire, patients were

asked to provide answers to various diabetes specific
questions (Additional file 1, Diabetes questionnaire).
The questionnaire was designed for the purpose of this
study by a panel of experienced physicians who actively
participate in the clinical work. A special emphasis was
placed on items that are of clinical relevance in patients’
daily lives. Amongst others, questions inquiring patients’
satisfaction with their current HbA1c and insulin regi-
men were included. Patients were instructed to select
the most appropriate answer from the predetermined
alternatives.
HbA1c was determined locally by standardized assays.

Serum lipid and lipoprotein concentrations were mea-
sured as previously described [15]. Following a 10-min-
ute rest, blood pressure was measured twice with two
minutes intervals in the sitting position. Blood pressure
was calculated as a mean of these measurements.
Patients’ height and weight were measured in light
clothing and body mass index (BMI) was calculated (kg/
m2). The assessment of renal status was based on urin-
ary albumin excretion rate (AER) in at least two out of
three timed 24-h or overnight urine collections. Patients
were classified according to the following criteria: nor-
mal albumin excretion rate (AER <20 μg/min or <30
mg/24 h), microalbuminuria (AER ≥20 and <200 μg/min
or ≥30 and <300 mg/24 h), macroalbuminuria (AER
≥200 μg/min or ≥300 mg/24 h), or end-stage renal
disease (ESRD) (undergoing dialysis or having had a
kidney transplant). Diabetic nephropathy was defined as
macroalbuminuria or ESRD. Data on retinopathy
were obtained from medical records and retinal
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laser-treatment was used as an indication of severe reti-
nopathy [16]. Self-reported data for smoking and social
class (grouped as unskilled blue collar, n = 152; skilled
blue collar, n = 390; lower white collar, n = 227; upper
white collar, n = 182; farmers, n = 4; and others, n =
46) were collected. Unskilled blue collar workers were
classified as having a low socioeconomic status (SES).

Statistical analyses
Descriptive statistics are reported as percentages for
categorical data, mean ± SD for normally distributed
continuous data, and median (interquartile range) for
non-normally distributed continuous data. Group com-
parisons were performed using the Chi-squared test,
independent-sample t-test, and Mann Whitney U-test,
as appropriate. Spearman rank order correlation coeffi-
cient was calculated to study the relationship between
SOC score and HbA1c, as they were not normally dis-
tributed. Logistic regression analyses were used to
explore the independent associations between weak
SOC and complications and glycaemic control. Explora-
tory factor analysis (maximal likelihood and varimax
rotation) was used to identify underlying constructs
within the diabetes questionnaire. The number of fac-
tors identified was based on eigenvalues >1.0. Items
were considered to load highly if they had a factor load-
ing |≥0.20| with a particular factor. The factor score was
the sum of the scores for all items associated with a
given factor multiplied by its corresponding factor load-
ing. These scores were used as dependent variables in
analyses. The questionnaire’s reliability was assessed cal-
culating Cronbach’s a, and a > 0.60 was deemed accep-
table. Factorial analysis of variance was used to study
the associations between SOC status and the measured
HbA1c and the factors formed in the factor analysis. In
the analyses, gender interactions were evaluated and,
when applicable, separate analyses for men and women
were performed. All data were analyzed using SPSS 17.0
for Windows (SPSS, Chicago, IL).

Results
A total of 61% of the patients returned the questionnaires.
The ones returning the questionnaire were older (mean
age 45 ± 12 years vs. 42 ± 13 years, p < 0.001) and had
longer diabetes duration (28 ± 13 vs. 24 ± 13, p < 0.001)
compared to those not returning the questionnaire. The
proportion of men was higher among the non-responders
(55% vs. 45%, p < 0.001). Moreover, the non-responders
were more frequently smokers (24% vs. 19%, p = 0.008)
and had more frequently low socioeconomic status (20%
vs. 15% p = 0.013). No differences were observed in any of
the laboratory values, blood pressure, BMI, and in the
nephropathy or retinopathy status.

Data from a total of 1,264 patients (45% men) are
included (Table 1). Mean age was 45 ± 12 years and
duration of diabetes 28 ± 13 years. Based on the lowest
quartile, a cut-off point of <63 was set for the weak
SOC, while the median SOC score in the population
was 73. Compared to men, women had lower median
SOC scores [74 (65 - 81) vs. 72 (61 - 80), p = 0.003].
Moreover, the prevalence of weak SOC was higher
among women (28% vs. 20%, p = 0.001).

SOC and metabolic control
The SOC score was negatively associated with the mea-
sured HbA1c (r = -0.091, p = 0.002). The median HbA1c

was higher among those with weak SOC [8.1 (7.5 - 9.0)
vs. 8.0 (7.2 - 8.7), p = 0.004]. Moreover, patients with
strong SOC more frequently achieved an HbA1c level
below 7.5% (32% vs. 24%, p = 0.016).

SOC, nephropathy and retinopathy
Nephropathy status was evaluated in 1,118 patients. A total
of 276 (25%) patients had nephropathy judged by the pre-
sence of either macroalbuminuria or ESRD. Weak SOC
was observed in 29% and 24% of the patients with and
without nephropathy (p = 0.110). No difference in the
median SOC score was observed between patients with
and without nephropathy [71 (59 - 79) vs. 73 (63 - 80), p =
0.089]. Data on retinopathy were available from 1,239
patients. Altogether 461 (37%) patients had severe retino-
pathy. Weak SOC was an equally common finding among
patients with and without severe retinopathy (27% vs. 23%,
p = 0.134, respectively), and the respective median SOC

Table 1 Description of the study population

Weak SOCa Strong SOC p

n = 311
(25%)

n = 953
(75%)

Men, n (%) 113 (36) 453 (48) 0.001

Age, years 44 ± 12 45 ± 12 0.266

Diabetes duration, years 29 (19 - 38) 28 (18 - 37) 0.270

Current smoking, % 21 18 0.273

Low SES b, % 15 15 1.000

HbA1c, % 8.1 (7.5 - 9.0) 8.0 (7.2 - 8.7) 0.004

Total cholesterol, mmol/l 4.6 (4.0 - 5.1) 4.4 (4.0 - 5.1) 0.352

HDL cholesterol, mmol/l 1.8 (1.4 - 2.1) 1.7 (1.4 - 2.0) 0.551

Triglycerides, mmol/l 0.9 (0.6 - 1.3) 0.9 (0.7 - 1.3) 0.842

BMI, kg/m2 25 (23 - 28) 25 (23 - 28) 0.625

Systolic blood pressure, mmHg 135 (124 - 151) 137 (125 - 151) 0.204

Diastolic blood pressure,
mmHg

80 (71 - 85) 79 (72 - 85) 0.941

Data are shown as frequency (%) for categorical variables, mean ± SD for
continuous normally distributed variables, and median (interquartile range) for
continuous non-normally distributed variables. a SOC = sense of coherence;
values <63 signify weak SOC, b Low socioeconomic status (unskilled blue
collar workers).
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score was no different [72 (61 - 80) vs. 73 (63 - 80),
p = 0.351].
Unlike among women, weak SOC was independently

associated with nephropathy in men when adjusted for
diabetes duration, age at onset, socioeconomic status
and HbA1c (Table 2). No association was observed
between weak SOC and retinopathy in either sex. After
adjustments with gender, diabetes duration, age at
onset, socioeconomic status and HbA1c, weak SOC was
associated with the measured HbA1c values above 7.5%.

Factor analysis and reliability of the diabetes
questionnaire
Four factors consisting of questions with a high degree
of intercorrelation were formed. The first factor called
“conceptions of HbA1c“ (eigenvalue 2.71, explained var-
iance 19%), consisted of questions regarding patient’s
recollection of the last measured HbA1c value, patient’s
perception of whether that value was at a good, satisfac-
tory or high level, and whether patient was satisfied
with that HbA1c level. The second factor was named
“complications” (eigenvalue 2.17, explained variance
15%) and included questions about the numbers of doc-
tors’ and nurses’ appointments during the past year due
to non-diabetes related reasons, the presence of other
chronic illnesses and patient’s perception of how much
diabetes-related complications cause disturbance. Ques-
tions on the frequencies of diabetes-related doctors’ and
nurses’ visits during the past year formed the “diabetes
control” factor (eigenvalue 1.42, explained variance
10%). Finally, the factor “hypoglycaemia” (eigenvalue
1.18, explained variance 8%) was formed of questions on

patient’s perceived fear of hypoglycaemia, satisfaction
with the current insulin regimen, the frequency of
experiencing hypoglycaemic episodes, patient’s percep-
tion of how much diabetes per se or its treatment dis-
turbs everyday life and patient’s perception of how
much diabetes-related complications cause disturbance.
In all the four factors, higher factor scores denote less
favourable situation, e.g. higher self-reported HbA1c,
perception of it being at a high level and lower satisfac-
tion with the current HbA1c level in the conceptions of
HbA1c -factor. The reliability analysis of the question-
naire gave a Cronbach’s alpha value of 0.625.

SOC and patients’ conceptions of diabetes
The SOC score was negatively associated with three fac-
tor scores; conceptions of HbA1c (r = -0.116, p < 0.001),
complications (r = -0.163, p < 0.001), and hypoglycaemia
(r = -0.342, p < 0.001), suggesting that patients with
weak SOC have less favourable conceptions of these dia-
betes related dimensions.
Using a factorial analysis of variance, weak SOC was

associated with the measured HbA1c when adjusted for
gender, diabetes duration, age at onset, and SES
(Table 3). Of the four factors formed, weak SOC was
independently associated with the conceptions of HbA1c

and hypoglycaemia. Furthermore among men, weak
SOC was associated with the complications factor.

Discussion
According to Antonovsky, SOC is established during the
childhood and adolescence and having developed, he
considered it fairly stable quality throughout the

Table 2 The association between weak sense of coherence and nephropathy, severe retinopathy and HbA1c level.

Nephropathy Severe retinopathy HbA1c ≥7.5%

Men Women Men Women Men and women combined

Model 1

Weak SOC 1.97 (1.26 - 3.08) 1.07 (0.69 - 1.66) 1.53 (1.01 - 2.33) 1.15 (0.81 - 1.63) 1.44 (1.06 - 1.97)

Gender, 1 = male NA NA NA NA 0.84 (0.65 - 1.08)

Model 2

Weak SOC 1.97 (1.15 - 3.05) 1.03 (0.65 - 1.62) 1.39 (0.85 - 2.27) 1.20 (0.80 - 1.81) 1.43 (1.04 - 1.95)

Gender, 1 = male NA NA NA NA 0.83 (0.64 - 1.08)

Diabetes duration, years 1.07 (1.05 - 1.09) 1.04 (1.02 - 1.06) 1.11 (1.09 - 1.13) 1.10 (1.08 - 1.12) 0.99 (0.98 - 1.00)

Age at onset, years 0.99 (0.97 - 1.01) 0.95 (0.92 - 0.98) 0.99 (0.97 - 1.01) 0.94 (0.92 - 0.97) 0.99 (0.98 - 1.01)

Model 3

Weak SOC 2.11 (1.13 - 3.95) 0.80 (0.44 - 1.45) 1.15 (0.63 - 2.11) 1.23 (0.75 - 2.03) 1.52 (1.07 - 2.17)

Gender, 1 = male NA NA NA NA 0.86 (0.64 - 1.15)

Diabetes duration, years 1.10 (1.07 - 1.13) 1.04 (1.01 - 1.06) 1.12 (1.09 - 1.15) 1.11 (1.08 - 1.13) 0.99 (0.98 - 1.01)

Age at onset, years 1.00 (0.94 - 1.03) 0.95 (0.92 - 0.99) 1.00 (0.97 - 1.03) 0.95 (0.92 - 0.98) 1.00 (0.98 - 1.01)

Low SES, 1 = yes 1.50 (0.76 - 2.97) 1.96 (0.95 - 4.05) 1.14 (0.59 - 2.21) 1.39 (0.70 - 2.75) 0.81 (0.54 - 1.23)

HbA1c 1.37 (1.12 - 1.69) 1.32 (1.08 - 1.61) 1.36 (1.11 - 1.67) 1.17 (0.97 - 1.40) NA

Data are presented as odds ratio (95% confidence interval). Weak SOC, weak sense of coherence; Low SES, low socioeconomic status (unskilled blue collar
workers); NA, not applicable. Logistic regression analysis. Significant results are highlighted in bold.
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adulthood [10]. Importantly, SOC has been associated
with health-promoting behaviour, such as more prudent
dietary habits and a reduced likelihood of being a
smoker and physically inactive [7]. As the successful
management of type 1 is heavily dependent on patient’s
self-management, we hypothesized that SOC could also
play an important role among these patients. Indeed, in
the current study we observed that weak SOC was inde-
pendently associated with poorer glycaemic control and
with the presence of nephropathy among men. Our
results, therefore, give some support to the SOC theory
that suggests that patients with strong SOC might be
better able to use any resources available to enhance
their well-being.
In the current study, weak SOC was not associated

with severe retinopathy in either sex. However, among
men, weak SOC was associated with nephropathy even
after adjustment with more established risk factors, such
as diabetes duration and HbA1c. The reason for the
observed gender difference in the association between
SOC and nephropathy is not known. A potential contri-
buting factor might, however, be the fact that compared
to women, men were more frequently smokers. Further
adjustment with smoking did not, however, alter the
results (data not shown). The results are intriguing also
because, as seen also in some other studies [7,12],
women tend to have lower SOC scores and thus have a
higher prevalence of weak SOC. Our results suggest
that, despite lower SOC scores, women as opposed to
men might be more able to engage in health promoting
behaviours. This also raises the question whether differ-
ent cut-off values for men and women should be used
when defining weak SOC.
Previously Richardson et al. observed a lower mean

SOC score among patients with two or more complica-
tions as opposed to those with less complications [12].
Except for this report, studies on the association
between SOC and diabetic complications are scarce.
However, a number of study reports on SOC and meta-
bolic control are available. Two of these studies,

conducted among patients with type 2 diabetes,
found no direct association between SOC and HbA1c

[17,18]. Two further studies among patients with insu-
lin-dependent diabetes also concluded that SOC and
glycaemic control are not correlated [11,12]. Only evi-
dence, to our knowledge, relating SOC to glycaemic
control comes from Cohen and Kanter [13]. According
to them, however, the relationship was not direct but
was mediated via adherence to self-care behaviours and
psychological distress.
In clinical practice, monitoring glycaemic control and

any signs of vascular complications are of major impor-
tance. Beyond these hard end points, however, patients’
subjective conceptions of their disease are also impor-
tant. Indeed, some of the major observations in the
studies of SOC and diabetes have dealt with acceptance
of the disease and the subjective assessment of health
state. Based on the results from these previous studies,
patients with type 1 diabetes who have higher SOC
scores also have a higher degree of disease acceptance
[12] and also less problems in relation to the environ-
ment, tedium and well being [11].
In the current study, patients’ conceptions of diabetes

were studied using a questionnaire from which, using
factor analysis, four dimensions were identified. Of these
dimensions, weak SOC was associated with worse con-
ceptions of HbA1c meaning that their latest self-reported
HbA1c measurement was higher, they more frequently
considered their HbA1c being at poor level, and they
less frequently were satisfied with their HbA1c level. Of
the other dimensions, weak SOC was also associated
with the hypoglycaemia-factor, that amongst other items
contained questions about fear of hypoglycaemia and
satisfaction with the current insulin regimen. Further-
more, men also showed an association between weak
SOC and the complications-factor. These results are in
line with previous studies that reported that strong SOC
was associated with better self-assessed health [18] and
lower fear of hypoglycaemia [17]. In diabetes, fear of
hypoglycaemia is specifically important as it is not only

Table 3 The association between weak sense of coherence, HbA1c and four dimensions of the diabetes questionnaire.

Model 1 Model 2

F(dfM, dfR) p h2 F(dfM, dfR) p h2

Measured HbA1c F(1, 1109) = 8.80 0.003 0.008 F(1, 865) = 6.03 0.014 0.007

Conceptions of HbA1c F(1, 1241) = 14.14 < 0.001 0.011 F(1, 980) = 9.34 0.002 0.009

Complications

Men F(1, 552) = 27.81 < 0.001 0.048 F(1, 429) = 23.94 < 0.001 0.053

Women F(1, 687) = 3.55 0.060 0.005 F(1, 548) = 1.99 0.159 0.004

Diabetes control F(1, 1241) = 2.97 0.085 0.002 F(1, 980) = 1.61 0.205 0.002

Hypoglycaemia F(1, 1241) = 114.76 < 0.001 0.085 F(1, 980) = 80.00 < 0.001 0.075

Model 1 is adjusted for gender (except for complications), diabetes duration and age at onset of diabetes; Model 2 is further adjusted for socio-economic status.
Factorial analysis of variance
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a subjective nuisance, but it may also affect patients’
insulin regimen and eating habits. Indeed, it has been
suggested that fear of hypoglycaemia might promote
non-adherence behaviour in order to avoid hypoglycae-
mic episodes [19]. Moreover, in a recent review, a signif-
icant negative impact between fear of hypoglycaemia
and diabetes management and metabolic control was
shown [20].
Our study has both strengths and limitations. A major

strength is the large number of patients included in this
study. Additionally, the diagnoses of diabetes and com-
plications were based on a physician’s evaluation rather
than on self-reported data, reducing the possibility of
misclassification. The major limitation is the cross-sec-
tional nature of the study design that limits the determi-
nation of temporal relationships. Although Antonovsky
suggested that, after having established, SOC is a fairly
stable phenomenon, we do not know whether SOC is
indeed a primary feature or rather a consequence of gly-
caemic control or diabetic complications. There are cur-
rently some evidence to suggest that SOC could be
improved using psychological intervention [21,22].
Therefore longitudinal associations between SOC, and
glycaemic control and diabetic complications will need
to be addressed in the future analyses. This study may
further be limited by the fact that while SOC was stu-
died using a validated questionnaire, patients’ percep-
tions of diabetes were studied with a non-validated
questionnaire. When formulating the questionnaire, spe-
cial emphasis was placed on including items that are of
clinical relevance in patients’ daily lives. Of specific
importance is that many of these questions are also
addressed in actual clinical work, for which we believe
our results may provide a valuable contribution.
Another potential limitation is that marital status was
not assessed in the current study. It can be speculated
that a spouse can also influence the individual’s self-care
behaviours and therefore have an effect on the outcome
measures. Finally, although we consider that the Finn-
Diane study population is a fairly representative of the
Finnish adult patients with type 1 diabetes, some selec-
tion bias favouring women and older individuals was
observed in the current study population. It is also pos-
sible that individuals with weak SOC and those with
more severe health problems were under represented,
an observation that is likely to attenuate the results.
In conclusion, strong SOC was associated with a bet-

ter metabolic control among men and women, and the
presence of nephropathy among men. Strong SOC was
also associated with better patients’ conceptions of their
disease. Interventions to improve patients’ SOC, if avail-
able, could improve patients’ metabolic control and
therefore also reduce the risk of diabetic complications.
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