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Abstract

Objective

Few studies on diabetes self-management considered the patterns and relationships of dif-
ferent self-management behaviours (SMB). The aims of the present study are 1) to identify
patterns of SMB among persons with diabetes, 2) to identify sociodemographic and dis-
ease-related predictors of SMB among persons with diabetes.

Research design and methods

The present analysis includes data of 1,466 persons (age 18 to 99 years; 44.0% female;
56.0% male) with diabetes (type | and Il) from the population-based study German Health
Update 2014/2015 (GEDA 2014/2015-EHIS). We used latent class analysis in order to dis-
tinguish different patterns of self-management behaviours among persons with diabetes.
The assessment of SMB was based on seven self-reported activities by respondents (die-
tary plan, diabetes-diary, diabetes health pass, self-assessment of blood glucose, self-
examination of feet, retinopathy-screenings and assessment of HbA1c). Subsequent multi-
nomial latent variable regressions identified factors that were associated with self-manage-
ment behaviour.

Results

Latent class analysis suggested a distinction between three patterns of SMB. Based on
modal posterior probabilities 42.8% of respondents showed an adherent pattern of diabetes
self-management with above-average frequency in all seven indicators of SMB. 32.1%
showed a nonadherent pattern with a below-average commitment in all seven forms of
SMB. Another 25.1% were assigned to an ambivalent type, which showed to be adherent
with regard to retinopathy screenings, foot examinations, and the assessment of HbA1c, yet
nonadherent with regard to all other forms of SMB. In multivariable regression analyses,
participation in Diabetes Self-Management Education programs (DSME) was the most
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important predictor of good self-management behaviour (marginal effect = 51.7 percentage
points), followed by attentiveness towards one’s personal health (31.0 percentage points).
Respondents with a duration of iliness of less than 10 years (19.5 percentage points),
employed respondents (7.5 percentage points), as well as respondents with a high socio-
economic status (24.7 percentage points) were more likely to show suboptimal forms of dia-
betes self-management.

Discussion

In the present nationwide population-based study, a large proportion of persons with diabe-
tes showed suboptimal self-management behaviour. Participation in a DSME program was
the strongest predictor of good self-management. Results underline the need for continual
and consistent health education for patients with diabetes.

Introduction

Diabetes mellitus is a significant global health issue affecting approximately 463 million people
worldwide and 59 million people in Europe aged 20-79 years [1]. For persons with diabetes,
consistent engagement in diabetes self-management can help achieving a near-normal blood
glucose in order to reduce the risk of micro- and macrovascular complications and excess-
mortality associated with diabetes [2, 3]. Therefore, national and international guidelines for
the care of diabetes include self-management behaviour (SMB) as a core component in the
treatment of diabetes [4]. Most components of SMB are necessary for both type I diabetes and
type II diabetes, such as HbAlc-measurement, self-examination of feet, attendance of retinop-
athy-screenings and holding a diabetes pass. Furthermore, persons receiving insulin (both
type I diabetes and type II diabetes) have similar reccommendations regarding their SMB (such
as the self-measurement of their blood glucose [SMBG] and keeping a diabetes-diary).

Due to the complexity of the concept of self-management, empirical studies use heteroge-
neous approaches for its operationalization. The “Summary of Diabetes Self-Care Activities”
(SDSCA) measure [5], which represents one of the most frequently used inventories, consti-
tutes an additive score of SMB (diet, exercise, SMBG, foot care, and medication within the pre-
ceding 7 days). The index is composed of the mean number of days per week on which the
respondent behaved adherently, measured on a scale of 0 to 7. The “Self-Management-behav-
iour Index” (SMB-Index) proposed by Arnold-Worner et al. [6] computes the sum of six
dichotomized behaviours (physical exercise, foot care, SMBG, monitoring of body weight, dia-
betes diary, diet plan), forming a “compliance score”. An analogue index is available in the
form of the “revised Self-Care Inventory” (SCI-R) [7]. This instrument contains 15 items that
inquire about the actual SMB behaviour in the last one to two months. This index is based
(among other) on questions about medication, exercise, SMBG or the documentation of
meals. To determine an overall self-treatment adherence score, the revised Self-Care Inventory
calculates a mean based on these items ranging from 1 to 5. While all the aforementioned
three indices inquire about factual self-management behaviour, the “Skills, Confidence and
Preparedness Index” (SCPI) [8] mainly aims to provide a closer look at the subjective confi-
dence in applying these forms of SMB. In this respect, the SCPI differs from other inventories.
However, all four measurement instruments mentioned have in common that they use a tau-
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equivalent measurement model when operationalizing SMB adherence, where all underlying
items are added up in the form of an unweighted total score.

Based on these inventories, previous studies point to a heterogeneity in patients’ self-manage-
ment with the majority of patients showing a suboptimal adherence [9-11]. However, relatively
few studies investigated the relationships and patterns of different aspects regarding self-manage-
ment behaviours (SMB) of diabetes (e.g. Ruggiero et al. [12]; for patients with type I diabetes, see
Mc Carthy et al. [13]; for paediatric type I diabetes see Rohan et al. [14]). From a behaviormetric
point of view, composite indices may be questionable since various forms of SMB are not
weighted and thus implied to be of equal relevance. Further, these additive indices neglect the
underlying configural relations and co-occurrences between different components of SMB.

Furthermore, evidence on predictors of self-management behaviour is quite limited.
Among other individual factors, a high level of education [15], living in a relationship [16] and
female sex [17] are positively associated with patients’ engagement in diabetes self-manage-
ment. In contrast, financial constraints and a low socioeconomic status can impede patients’
adherence to prescribed behavior [18]. Most importantly, diabetes self-management education
(DSME) is relevant in the implementation of diabetes self-management [10] and was shown to
be associated with a healthier lifestyle in routine healthcare [19].

However, to the best of our knowledge there is no empirical classification of different types
of diabetes self-management addressing the co-occurrences of associated behaviours. Few
studies have investigated patterns of SMB. Unarguably, there is a need to understand the con-
nexion of various forms of SMB and to identify associated factors. Furthermore, evidence on
predictors of SMB is limited, especially in nationwide population-based studies. Ultimately,
additional information on possible predictors of SMB might help to tailor targeted and appro-
priate interventions, thus improving self-management in patients with diabetes. Therefore, the
aims of the present study are:

1. to identify patterns of SMB among persons with diabetes,

2. to identify sociodemographic and disease-related predictors of SMB among persons with
diabetes.

Materials and methods
Study design and population

The German Health Update (GEDA) 2014/2015 integrated modules of the European Health
Interview Survey (EHIS) wave 2 and was conducted by the Robert Koch Institute on behalf of
the German Federal Ministry of Health between November 2014 and July 2015. The survey
used self-administered questionnaires provided either as online or paper-based versions and
yielded a response rate of 26.9% [20]. Details of participant sampling and questionnaire design
are described elsewhere [20, 21].

The German Federal Commissioner for Data Protection and Freedom of Information
approved the corresponding study (reference number: I1I-401/008#0015). All respondents
gave their written informed consent. Participants were informed about the goals and contents
of the study, about privacy and data protection proceedings, and that their participation in the
study was voluntary.

Inclusion/Exclusion criteria

Inclusion criteria for GEDA 2014/2015-EHIS were a permanent residence in Germany and
age > 15 years. Our analysis is limited to survey participants reporting diabetes in the past 12
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months and aged > 18 years (n = 1,712). Five women with current or recent gestational diabe-
tes were excluded. Further, a number of 241 respondents with missing sociodemographic or
disease-related information were removed from the analysis by list-wise deletion. The resulting
net sample consisted of 1,466 respondents. With regard to the single items of SMB, we could
not identify any significant differences between excluded respondents and the net sample of
complete cases (see S1 Table). With this background, arguments can be made against the
imputation of missing values in exogenous variables [22]. For this reason, the following analy-
ses are limited to complete cases.

Assessment of SMB

The outcome of our analysis are patterns of SMB. Within latent class analysis, we defined this
comprehensive construct as a categorical variable. As its indicators, we used participants’ self-
reported frequency in regard to seven forms of SMB: Currently keeping to a dietary plan for
their diabetes (Yes / No) or a diabetes-diary (Yes / No), ever keeping a diabetes health pass
(Yes / No), SMBG performed by oneself or by relatives (No, daily, number per week or month;
categorized as “at least once a month” / “less frequently”), self-examination of feet (no, daily,
number per week or month; categorized as “daily or occasional” / “never”), retinopathy
screenings (times within last 12 months; categorized as “at least once within last 12 months” /
never within last 12 months) and assessment of HbAlc (times within last 12 months; catego-
rized as “at least 4 times within last 12 months” / “less than 4 times within last 12 months”).
Even though partial metric scale responses were available for some items, this information was
missing for some respondents due to erratic response behaviour. The skewness of the distribu-
tions, avoidance of sparse data and otherwise limited comparability between the seven SMB
indicators made it necessary to dichotomise these variables. The exact phrasings of the men-
tioned items within the GEDA-questionnaire are presented in S2 Table. The questions
included in the GEDA survey relate to factual self-management behaviour and are in this
respect similar to the aforementioned operationalisations within the SDSCA, SMB-Index or
SCI-R. However, some of the items in the GEDA study use heterogeneous time references
(“currently” in the case of dietary plan or diabetes-diary; “last 12 months” in the case of reti-
nopathy-screenings or assessment of HbAlc).

Sociodemographic and disease-related variables

The selection of covariates was based on the availability of data in the GEDA survey and on
central findings of previous studies. Among sociodemographic factors of SMB, age [12, 23],
sex [17], socioeconomic status [15, 18], employment [15], and partnership status [16] have
been reported in the literature. Among disease-related variables, time since diagnosis [15],
DSME-participation [10, 19], limitation due illness [24] and attendance toward health [15, 21]
emerged as factors of SMB. We adopted these variables as exogenous covariates within our
analyses. However, the selection of these covariates was not based on a systematic literature
review. Thus, our analysis does not aim at a systematic comparison of theories, but rather has
an explorative character, which is primarily due to the availability of the data within the pres-
ent survey.

Sociodemographic variables comprised sex (male/female), age (in years), socioeconomic
status (SES) based on a quasi-metric SES-score (3 to 21 points) [25], currently living together
with a partner or as couple (yes / no) and occupational status (employed / unemployed or
retired or unable to work). It should be noted that in case of unemployment or retirement, the
SES index does not include the current employment status, but uses the respondents’ last pro-
fessional activity instead for its calculation. Furthermore, the SES index also refers to the level
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of education and income and thus differs from the occupational status. No evidence of multi-
collinearity between the two variables could be identified. For this reason, we use the SES
index and the occupational status as two separate factors.

Disease-related characteristics included limitations due to illness that lasted at least 6
months (high or moderate / none), patients’ attentiveness towards their own health (Likert
score ranging from 1 points for “no attendance” to 5 points for “very high”), ever-participation
in a DSME program (yes / no) and time since diagnosis of diabetes (< 10 years / > 10 years).

Statistical analysis

Descriptive statistics with unweighted absolute frequencies, weighted relative frequencies,
means and standard deviations were used to describe the study population. Calculation of cor-
responding weighting factors is based on sampling points. These weighting factors refer to the
complex multistage sampling design of the GEDA 2014/2015-EHIS survey and address a
potential sample-selection bias [20, 21]. In order to identify similarities between respondents
regarding their diabetes SMB and to classify different degrees of adherence, we used latent
class analysis (LCA) [26]. The procedure of LCA constitutes a particular type of a finite mix-
ture model. It represents a person-centred approach to statistical modelling of unobserved
population heterogeneity based on manifest indicators. In the present analysis, we used LCA
as a data-driven approach to identify mutually exclusive and exhaustive patterns of SMB. The
seven aforementioned items regarding self-management behaviours served as indicators of a
categorical latent variable.

The decision on the number of latent classes within our study was primarily based on the
principle of parsimony and the interpretability of its partitioning [27]. In addition, model
selection took into account penalized likelihood criteria, namely Akaike-Information-Crite-
rion (AIC) [28], Bayes-Information-Criterion (BIC) [29] and sample-adjusted Bayes-Informa-
tion-Criterion (ABIC) [30], without rigidly following these criteria at the expense of
interpretability [26, 27].

Content-related interpretations of the latent classes were based on conditional prevalences of
the indicator-variables [26]. Frequency distributions of the latent classes were estimated based
on the modal posterior probabilities (most likely latent class membership). We used multino-
mial latent variable regression [31] in order to predict the posterior probabilities of the latent
classes (i.e. the conditional probability based on LCA-model) by the nine aforementioned socio-
demographic and disease-related variables. To prevent a potential misspecification of our
model, analyses began with nine sequentially, bivariate regressions, limited to one covariate at a
time. Covariates with statistically significant (o = 0.05, see below) or substantial effects (discrete
change in absolute probabilities > 10 percentage points) within those bivariate regressions were
thereafter included within a final, multivariate model. However, a changing combination of
exogenous covariates within finite mixture models may also alter the composition of latent clas-
ses themselves, thus hindering content-related interpretations of the latent classes [32]. To
address this concern, we fixed the starting parameters of the latent class measurement model
and used a Manual ML-three-step approach [33] for correlational analyses of the sociodemo-
graphic and disease-related factors. Evaluation of the strength and relevance of various predic-
tors was based on marginal effects [34] (i.e. changes in the predicted posterior probabilities).
We plotted predicted posterior probabilities for covariates to further illustrate relevant effects.
All LCA models used weighting factors (see above). An additive index was also calculated from
the dichotomized SMB indicators. In weighted linear regressions, this index value was predicted
by the sociodemographic and disease-related variables. The corresponding findings on relevant
factors were compared with the results of multinomial latent variable regressions.
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An alpha level of 0.05 was used as a threshold for statistical significance. All exogenous
covariates were inspected for collinearity (or sparse data in the case of categorical variables)
before analysis.

All SMB investigated in this manuscript are covered by the current diabetes therapy and
DSME guidelines [35, 36] with two minor exceptions: One, SMBG is recommended only for
those persons who receive insulin treatment or oral antidiabetic medication with risk of hypo-
glycaemia or are in a potential instable metabolic situations (e.g. newly diagnosed diabetes,
metabolic aggravation, surgery, infection, aggravation of diabetic metabolic situation [35, 36]).
German health insurance does not pay SMBG for patients with diabetes not fulfilling the
above named criteria [37]. It can be assumed that some patients not fulfilling reimbursement
criteria choose to perform SMBG on their own costs irregularly. Within another sample [38],
74,8% of persons with type 2 diabetes received no insulin as a treatment and therefore did not
perform SMBG regularly. Therefore, we repeated the LCA within a sensitivity analysis exclud-
ing SMBG as an indicator variable. Second, therapy and DSME guideline [35] recommend to
develop a dietary concept for DSME participants, but not strictly a dietary plan. The use of
strict diet plans in routine clinic care for therapy of diabetes has decreased over the last years.
Therefore, a second sensitivity analysis excluded dietary plan as an indicator variable of the
latent classes.

All analyses were performed using Stata v.16.1 [39] and MPLUS Version 6.11 [40].

Results

Descriptive statistics

Sample characteristics are presented in Table 1. Our sample consisted of 56.0% men and
44.0% women with an average age of 65.5 years (range = 19 to 99 years). About two thirds of
respondents consisted of pensioners (63.9%) and lived together with their partner or as a cou-
ple (70.7%). More than half of our respondents have already participated at least once in a
DSME program (62.7%) at least once. The median for the time since the (first) diagnosis of
diabetes was 9 years (< 10 years: 52.9%; > 10 years: 47.1%). The most frequent self-reported
SMB were retinopathy-screenings (75.5%), self-examination of feet (71.7%) SMBG (66.5%).
The least frequently reported SMB were currently following a dietary plan (13.3%) and keeping
a diabetes (management) diary (36.4%). Only 40.5% of our sample had four assessments of
HbA1c within the past twelve months.

Latent-classes as patterns of SMB

The results of a series of unconstrained, weighted latent-class models are presented in Table 2.
While AIC and ABIC suggest a partitioning of four to five latent classes, BIC points towards a
model with three latent classes. Fig 1 illustrates the corresponding conditional prevalences of
SMB for these three classes.

In analyses presented as supplemental figures (see S1 and S2 Figs), a partitioning into four
or five classes did not provide any added value in terms of interpretability. In the 4-class solu-
tion, the adherent and non-adherent classes are confirmed. The mixed-pattern, on the other
hand, differentiates into two subtypes: One with an above-average engagement in SMBG and
diabetes diary; and a second subtype with a comparatively higher frequency in HbA1c assess-
ments. However, regarding the other indicator variables, the two mixed-subtypes in S1 Fig are
pretty similar. In order not to over interpret these weak differences and because one of the sub-
types has a low a-posteriori probability (n = 148), we suggest that a four-class solution (with
two subtypes of an ambivalent SMB-pattern) offers no added value compared to the three-
class solution. The low frequency of class 1 (n = 23) within the 5-class solution most likely
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Table 1. Characteristics of the study population of 1,458 persons with diabetes in the past 12 months (GEDA

2014/2015-EHIS).

n/nya" %" M (SD)*
Sociodemographic and disease-related factors
Sex
Male 851/ 1,466 56.0%
Female 615/ 1,466 44.0%
age (years) 1,466 65.5 (13.6)
SES-score [3 to 21] 1,466 10.7 (3.7)
living together with spouse or as couple
No 411/ 1,466 29.3%
Yes 1055/ 1,466 70.7%
occupational status
employed person 431/ 1,466 28.7%
unemployed person ¢ 98 / 1,466 7.4%
retired / unable 937 / 1,466 63.9%
limitation due to illness within last 6 months
High 268/ 1,466 18.7%
moderate 483/ 1,466 33.1%
None 715/ 1,466 48.2%
attendance toward health [1 to 5] 1,466 3.6 (0.8)
participation in DSME program
No 547/ 1,466 37.3%
Yes 919/ 1,466 62.7%
time since diagnosis of diabetes
< 10 years 782/ 1,466 52.9%
> 10 years 684 / 1,466 47.1%
Self-management behaviours
currently keeping dietary plan
No 1,268 / 1,462 86.7%
Yes 194/ 1,462 13.3%
currently keeping diabetes-diary
No 952/ 1,463 63.6%
Yes 511/ 1,463 36.4%
ever kept diabetes health pass
No 781/ 1,461 52.6%
Yes 680/ 1,461 47.4%
self-measurement of blood glucose (SMBG)
Less than once a month 499 / 1,463 33.5%
At least once a month 964 / 1,455 66.5%
self-examination of feet
never 408 / 1,436 28.3%
daily or occasionally 1,028 / 1,436 71.7%
retinopathy-screenings within last 12 months
never within last 12 months 349 /1,457 24.5%
at least once within last 12 months 1,108 / 1,457 75.5%
assessment of HbAlc
less than 4 times within last 12 months 598 /1,432 40.5%
at least 4 times within last 12 months 834/ 1,432 59.5%

This table shows absolute frequencies and estimated prevalences in percent based on weighting factors.

* = We show unweighted absolute frequencies (n/nvalid)

b = Percentages (%) are calculated with reference to overall cohort including weighting factors

¢ = means and standard deviations take weighting factors into account

4 = the category of “unemployed person” includes pupils, students and homemakers.

Abbreviations: DSME-structured education program for patients with diabetes mellitus, HbAlc ~haemoglobin Alc;

M + SD-mean =+ standard deviation, ny,;q—cases with non-missing values; SES- socioeconomic status.

https://doi.org/10.1371/journal.pone.0248992.t001
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Table 2. Information criteria (penalized likelihood criteria) for a series of weighted latent-class models without covariates (unconditional models).

number of latent classes Log-Likelihood AIC BIC ABIC

Independence -6108.3 12230.7 12267.7 12245.5
2 -5690.9 11411.8 11491.2 11443.5
3 -5650.5 11346.9 11468.6 11395.5
4 -5621.5 11305.0 11469.0 11370.5
5 -5609.3 11296.5 11502.9 11379.0

n = 1466; all models took weighting factor in account

Abbreviations: AIC-Akaike-Information-Criterion; BIC-Bayes-Information-Criterion; ABIC: Sample-adjusted Bayes-Information-Criterion.

https:/doi.org/10.1371/journal.pone.0248992.t002
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indicates sample-specific idiosyncrasies. Likewise, the high extent of boundary estimates (i.e.
health pass, diabetes diary, dietary plan) suggests that the 5-class solution represents a model-
misspecification. To achieve a parsimonious model with as few latent classes as possible and
clear interpretability, we chose a distinction between three types of SMB-patterns. These three
emergent latent classes in Fig 1 can be characterized as follows:
Adherent pattern of diabetes self-management. An “adherent self-management pattern”
is characterized by frequent self-assessment of SMBG (93.8%), regular examinations of the feet

=o—mixed type (n=367)

=o—nonadherent SMB pattern (n=471)

Fig 1. Profiles of the latent self-management classes in the 3-group model with 7 indicator variables. Conditional prevalences, n = 1,466.

https://doi.org/10.1371/journal.pone.0248992.9001

PLOS ONE | https://doi.org/10.1371/journal.pone.0248992 March 19, 2021

8/23


https://doi.org/10.1371/journal.pone.0248992.t002
https://doi.org/10.1371/journal.pone.0248992.g001
https://doi.org/10.1371/journal.pone.0248992

PLOS ONE

Patterns and associated factors of diabetes self-management

(90.8%), retinopathy-screenings (91.8%), quarterly assessment of HbAlc (76.4%) as well as
keeping a diabetes health pass (75.1%) and a diabetes-diary (77.5%). Respondents within this
class are more likely than those within the other two classes to follow a dietary plan (24.8%).
Based on average posterior probabilities, 42.8% (n = 628) of our respondents belong to the
class of an “adherent” diabetes self-management pattern.

Nonadherent pattern of diabetes self-management. In contrast, the latent class of “non-
adherent self-management pattern” shows low frequency in these seven forms of SMB (reti-
nopathy-screenings: 47.5%; SMBG: 47.1%; feet examination: 46.6%; assessment of HbAlc:
17.9%; diabetes health pass: 18.3%; diabetes-diary: 13.9%; dietary plan: 5.6%). Based on average
posterior probabilities, 32.1% (n = 471) of our respondents show a nonadherent form of diabe-
tes self-management.

Mixed type. Furthermore, a mixed type emerges, which can be located between the two
classes of “adherent” and “nonadherent” diabetes self-management. This mixed type shows to
be adherent regarding retinopathy screenings (82.6%), foot examinations (71.1%) and the
assessment of HbA1lc (80.2%). Regarding the other forms of SMB, however, the mixed-type is
similar to the pattern of “nonadherent” diabetes self-management (SMBG: 47.0%; diabetes
health pass: 38.7%; diabetes-diary: 0.1%; dietary plan: 4.7%). Based on modal posterior proba-
bilities, 25.1% (n = 367) of our respondents can be classified into a “mixed type” with ambiva-
lent frequency of SMB.

Two sensitivity analyses excluded the indicator variables “SMBG” or “keeping a dietary
plan”, respectively. The penalized likelihood criteria do not contradict the previous distinction
between three SMB patterns (see S3 and S4 Tables). Furthermore, the three latent classes
within both sensitivity analyses lead to similar interpretations compared to the model which
was based on all seven indicators of SMB (see S3 and S4 Figs).

Prediction of SMB patterns by sociodemographic and disease-related
factors

Table 3 contains results of a series of multinomial latent variable regressions, in which the
latent classes were predicted by sociodemographic and disease-related factors. The first nine
models constitute bivariate regressions containing one exogenous factor at a time. The corre-
sponding marginal effects of these bivariate regressions are illustrated in Fig 2.

Within bivariate analyses, the participation in a DSME program emerged as the strongest
predictor of SMB patterns. As illustrated in Fig 2, participants of a DSME program showed an
average posterior probability for adherent self-management of 61.0%, whereas this probability
was only 8.5% for non-participants. This led to a marginal effect (i.e. change in posterior prob-
abilities) of 52.5 percentage points. Opposing this information, the average posterior probabil-
ity for a nonadherent SMB pattern was substantially higher among non-participants compared
to DSME-participants (58.8% vs. 14.6%; with a marginal effect of 44.2%). These effects of
DSME participation were also significant in a statistical sense (p<0.001). The attentiveness
towards one’s personal health constituted another substantial and significant predictor of SMB
and was positively associated with an adherent pattern. As illustrated in Fig 2, the average pos-
terior probability for an adherent SMB pattern was 24.5% for respondents who pay no atten-
tion towards their own health (z-score = -3.1, untransformed value of “1”). For respondents,
who are very attentive towards their own health (z-Score = 1.8, untransformed value of “57),
this probability rose to 50.7%, netting a marginal effect of 26.2 percentage points. Conversely,
high attendance toward own health reduced the average posterior probability for a nonadher-
ent SMB pattern from 51.7% to 21.5%, netting a marginal effect of 30.2% percentage points.
These bivariate effects of attentiveness toward one’s own health reached statistical significance
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Table 3. Results of multinomial latent variable regressions: Posterior probabilities predicted by sociodemographic and disease-related factors (logistic slopes and
marginal effects).

logistic slope: logistic slope:| marginal effects (average change or discrete
mixed-type vs adherent SMB change) »
non-adherent pattern vs
SMB pattern | nonadherent SMB
pattern
Modell B P B p| nonadherent| mixed-type adherent
SMB pattern SMB pattern
Modell 1 ever-participation in DSME program (vs. never) 1.100 | <0.001 | 3.367 | <0.001 -44.2% -8.3% 52.5%
Intercept -0.584 -1.937
Modell 2 age (z-score) 0.247 0.091 | -0.040 0.685 -8.2% 29.1% -20.9%
Intercept -0.125 0.281
Modell 3 female (vs. male) 0.428 0.124 0.319 0.106 -7.7% 4.9% 2.8%
Intercept -0.305 0.153
Modell 4 SES-Score (z-Score) -0.249 0.075 | -0.303 0.002 27.2% -7.2% -20.0%
Intercept -0.132 0.263
Modell 5 living together (vs. not living together) -0.124 0.692 | -0.093 0.672 2.2% -1.4% -0.8%
Intercept -0.033 0.352
Modell 6 high/moderate limitation due illness (vs. none) 0.204 0.457 0.432 0.025 -7.3% -0.8% 8.1%
Intercept -0.219 0.064
Modell 7 attendance toward health (z-Score) 0.211 0.147 0.328 0.002 -30.2% 4.0% 26.2%
Intercept -0.099 0.298
Modell 8 | employed (vs. unemployed / retired / unable) -0.669 0.029 | -0.368 0.068 10.7% -8.8% -1.9%
Intercept 0.071 0.402
Modell 9 time since diagnosis > 10 years (vs. < 10 years) 1.015 0.001 1.469 | <0.001 -25.8% 2.9% 22.9%
Intercept -0.502 -0.348
multivariate Regression | ever-participation in DSME program (vs. never) 1.148 0.000 3.406 | <0.001 -43.9% -7.9% 51.7%
SES-Score (z-Score) -0.204 0.197 | -0.329 0.018 24.7% -2.9% -21.8%
attendance toward health (z-Score) 0.125 0411 0.361 0.013 -13.6% -17.3% 31.0%
employed (vs. unemployed / retired / unable) -0.456 0.216 | -0.251 0.421 7.5% -7.2% -0.3%
time since diagnosis > 10 years (vs. < 10 years) 0.779 0.015| 1.137 | <0.001 -19.5% 3.5% 16.0%
Intercept -0.756 -2.396

n = 1466; notes: a) marginal effects for categorical, dichotomous predictors refer to average differences in predicted posterior probabilities between the two possible
values of the covariate (discrete change); marginal effects for metric predictors refer to the average change in predicted posterior probabilities when covariate changes
from minima to maxima; latent classes parameters fixed within Manual ML-three-step approach.

Abbreviations: DSME-structured education program for patients with diabetes mellitus, SES- socioeconomic status.

https:/doi.org/10.1371/journal.pone.0248992.t003

(p = 0.002). Time since diagnoses of diabetes was a further relevant and significant predictor
(p<0.001). Respondents with a diabetes duration below median (10 years) had an above-aver-
age probability regarding a nonadherent SMB pattern (43.3% vs. 17.4%). In contrast, respon-
dents with a duration of illness of ten years or more were more likely to show an adherent
SMB pattern (53.5% vs. 30.6%). Occupational status constituted a comparatively weaker-yet
still significant (p = 0.029)-predictor of the latent classes, with marginal effects of up to 10.7
percentage points. Among employed respondents, the nonadherent pattern (38.7% vs. 28.0%)
was more strongly represented while non-employed persons with diabetes were comparatively
more likely to show a mixed type of self-management (30.1% vs. 21.3%). Respondents with a
high or moderate limitation due to illness within the last six months had an above-average
probability for an adherent SMB pattern compared to other respondents (45.3% vs. 37.2%;
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Fig 2. Predicted posterior probabilities of the latent self-management classes by sociodemographic and disease-related
factors within bivariate, multinomial latent variable regressions. n = 1466, blue = adherent SMB pattern (n = 628);

grey = mixed-type (n = 367); orange = nonadherent SMB pattern (n = 471) Abbreviations: DSME-structured education
program for patients with diabetes mellitus, SES- socioeconomic status. All predicted probabilities according to the
coefficients stated in Table 3, assuming other covariates are fixed at sample-specific means.

https://doi.org/10.1371/journal.pone.0248992.9g002

p = 0.025). A last significant effect within bivariate analyses concerns respondents with a low
socioeconomic status, who were more likely to show an adherent pattern of SMB compared to
respondents with a high socioeconomic status (49.6% for “low” vs. 29.7% for “high”). Accord-
ingly, a high socioeconomic status was positively associated with a nonadherent form of SM
among our participants (p = 0.002).

The other three predictors were merely weakly and non-significantly associated with the
latent classes. For instance, no substantial sex effects are evident regarding SMB patterns. Age
was negatively associated with both the nonadherent and adherent patterns and was positively
associated with a mixed type. However, this effect did not achieve statistical significance.
Respondents who were living together with their spouse or as couple do not differ from other
respondents regarding their SMB patterns.

The multivariate model shown in Table 3 was limited to the factors that showed significant
associations to the latent classes within the previous regressions. Note that the exogenous
covariate “limitation due to illness” failed to achieve practical and statistical significance within
multivariate analysis and was therefore excluded from the final model. Although occupational
status also failed to achieve statistical significance, this covariate remained in the final model
since the corresponding marginal affects pointed towards a clinically relevant association.

All effects in the final model remain significant and replicate the associations that already
emerged in the previous, bivariate analyses. The multivariate model confirms participation in
a DSME program as the strongest predictor of an adherent SMB pattern (p < 0.001). Atten-
dance towards personal health (p = 0.013) and time since diagnosis (p < 0.001) are still posi-
tively related to an adherent SMB pattern, while socioeconomic status (p = 0.018) and
employment (n.s.) are associated with a nonadherent SMB pattern.

Excluding the two indicator variables “SMBG” and “keeping a dietary plan” within two sub-
sequent sensitivity analysis largely replicated the above findings (see S5 and S6 Tables).

Comparison to results of linear regressions based on an additive index

The aim of the following analyses is a comparison between the previous results of the multino-
mial latent variable regressions and those results using an additive measure of SMB-adherence.
For this purpose, the seven dichotomized SMB indicators were combined into an additive
index with a value range between 0 (low adherence) to 7 (high adherence). Based on biserial
correlations, this index achieved a suboptimal psychometric reliability of Cronbach’s o = 0.62.
Note that 77 additional cases had to be excluded due to missing values. The corresponding
results of weighted linear regressions are presented in Table 4.

Bivariate Regressions mainly reproduce the effects of multinomial latent variable regres-
sions from Table 3. DSME participation (b = 1.72) and time since diagnosis (b = 1.00) are con-
firmed as the most important, positive factors of adherence in SMB of diabetes. The effects of
SES-Score (b =-0.21), attendance towards personal health (b = 0.28) and occupational status
(b = -0.41) reach statistical significance, yet fail to reach a level of practical significance with
respect to their corresponding proportions of explained variance (R < 2%). In contrast to the
results of the LCA, sex (b = 0.26), age (b = 0.05) and limitation due illness (b = 0.45) emerge as
significant predictors of the additive SMB-Index in bivariate analyses, but these factors also fail
to reach a level of practical significance given their low R*. One explanation for these
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Table 4. Results of weighted linear regressions: Additive SMB-Index predicted by sociodemographic and disease-related factors (unstandardized slopes).

unstandardized slope R?
Modell b p
Modell 1 ever-participation in DSME program (vs. never) 1.72 <0.001 0.215
Intercept 2.63
Modell 2 age (z-score) 0.05 0.407 < 0.01
Intercept 3.71
Modell 3 female (vs. male) 0.26 0.019 < 0.01
Intercept 3.59
Modell 4 SES-Score (z-Score) -0.21 <0.001 0.012
Intercept 3.69
Modell 5 living together (vs. not living together) -0.09 0.535 0.016
Intercept 3.77
Modell 6 high/moderate limitation due illness (vs. none) 0.45 <0.001 0.024
Intercept 3.47
Modell 7 attendance toward health (z-Score) 0.28 <0.001 0.02
Intercept 3.71
Modell 8 | employed (vs. unemployed / retired / unable) -0.41 0.002 0.011
Intercept 3.83
Modell 9 time since diagnosis > 10 years (vs. < 10 years) 1.00 <0.001 0.078
Intercept 3.23
Modell 10 ever-participation in DSME program (vs. never) 1.59 <0.001 0.279
SES-Score (z-Score) -0.16 0.001
attendance toward health (z-Score) 0.21 <0.001
employed (vs. unemployed / retired / unable) -0.24 0.040
time since diagnosis > 10 years (vs. < 10 years) 0.58 <0.001
Intercept 2.49

n = 1,389; the additive SMB-Index ranges from 0 points (minimum) to 7 points (maximum).

Abbreviations: DSME-structured education program for patients with diabetes mellitus, SES- socioeconomic status.

https://doi.org/10.1371/journal.pone.0248992.t1004

deviations is the fact that the additive index does not differentiate between a mixed-type and
nonadherence, but instead merges these two patterns and conceptualizes adherence as a linear,
one-dimensional metric. The results of the multivariate regressions are largely consistent with
the preceding analyses, with one major exception. In the linear regressions, occupational status
was found to have a significant negative effect on adherence, whereas in the LCA it contributed
(non-significantly) to a shift between mixed and nonadherent patterns.

Discussion

This paper presented an empiric grouping of persons with diabetes based on various aspects of
their diabetes self-management. Without relying on an operationalization solely based on sin-
gle item indicators or on unweighted composite indices, this empiric grouping identified three
mutually exclusive patterns of diabetes self-management. Only 42.8% of our respondents
showed adherence in their self-management of diabetes. Our results therefore concur with
other studies stating that a large portion of patients with diabetes show suboptimal forms of
SMB [9-11]. Based on this empiric grouping, our population-based study presents and con-
firms an array of demographic and disease-related predictors of self-management for persons
with diabetes. Participation in a DSME program was the strongest predictor of good self-
management.
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Although the survey data we used are five years old, our findings are still relevant. DSME
programs, their curricula, aims and content have not changed in the last five years. However,
new medications emerging as SGLT2 inhibitors, have been integrated in the medication edu-
cation sessions. For specific new technical devices, e.g. the application and use of continuous
subcutaneous SMBG, a new DSME program for educational purposes been developed. How-
ever, this latter program is used as an addition to the other DSME. Also, in the current pan-
demic, Online-DSME formats have emerged to ensure some stability of care. Online-DSME
formats have emerged to ensure some stability of care. However, they are not widely applied,
as 74.7% of registered DSME trainers reported not ever having performed an Online-DSME
and educate the same curriculum as the “vis-a-vis” DSME [41]. Furthermore, we are of the
opinion that our findings are of high relevance, since to best of our knowledge the present
study is the only nationwide survey investigating SMB and DSME attendance in Germany. By
employing Latent Class Analysis, we grouped respondents based on their adherence in self-
management behaviour. These latent classes correspond to the general willingness to engage
and participate in the treatment of diabetes and are merely intermediately connected to spe-
cific medications or guidelines.

Main findings compared to other population-based studies

International literature underlines the effectiveness of DSME for effective diabetes SMB [10,
19] and concurs that participation in DSME is positively associated with glycaemic control [3].
In accordance, participation in DSME emerges as the strongest factor of an adherent SMB pat-
tern within our analysis. However, based on average posteriori probabilities, 12.1% of those
not having participated in a DSME program are classified as being “adherent”. Thus, non-par-
ticipants can also be adherent in their SMB and instead might use alternative ways to inform
themselves about coping with diabetes or might receive extensive support from the practice
personnel. In addition, many reasons exist for (adherent) respondents to decide against DSME
training. In particular, truck drivers or commuters may not be able to attend a DSME program
due to work-related reasons. Nevertheless, our results concur with the literature that persons
with diabetes receiving DSME are more likely to foster adherence to recommended self-man-
agement activities [10, 15]. Therefore, our results indicate that people with diabetes should be
informed by their general practitioner about the possibility of DSME training. However,
empirical evidence suggests that a one-time participation in a DSME program may not yield
long-term effects [42]. This emphasizes the importance of repeated DSME participation for
persons with diabetes [4]. Yet, only 62.7% of respondents within our sample participated in a
DSME-program at least once in their life. In other assessments, comparable participation rates
of 50% to 53% for Germany are reported [10]. Given the strong effects of DSME participation
on frequent and adherent SMB, it would be imperative to increase the scale and scope of such
education-programs.

Various studies [15, 21] found that the resolution to prevent or reduce the risk of develop-
ing diabetes complications improves the determination to engage in self-management. This
corresponds to our effects regarding mindfulness towards patients’ own health, which showed
to be another relevant facilitator of a good diabetes self-management. In our multivariate anal-
ysis, the attendance towards one’s personal health emerged as a separate effect which was inde-
pendent from DSME participation.

Prior research showed that employment has a negative effect on SMB among patients with
diabetes [15, 43]. Especially the prioritization of work over medical issues can be deterrent to
maintaining a healthy lifestyle and adherent self-management [44]. Employed patients with
diabetes may lack the time and energy to follow a dietary plan, to be physically active or to
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perform SMBG on a regular basis [43]. Our results concur that occupation can be a barrier
towards an efficient SMB. For this reason, DSME-programs should be tailored to meet the spe-
cific needs of employed patients. Furthermore, clinicians should continuously consult the
patients in how to integrate SMB in their daily life and ensure a regular follow up of their
employed patients.

Contrary to our results, numerous studies found evidence that a high level of education [43,
45, 46] and high socioeconomic status [15, 18, 47, 48] are facilitators of adherence in diabetes
self-management. This inverse effect of socioeconomic status on self-management within the
present data is not a statistical artefact produced by multivariate analysis, since zero-order
bivariate correlations within single item analyses confirm this association. We cannot offer an
exhaustive explanation why our results are in contradiction to the literature. The specifics of
the German statutory health insurance system might constitute a plausible explanation. Our
results also concur with qualitative studies among persons with diabetes, in which respondents
with a low socioeconomic status tended to follow SMB instructions strictly and almost literally,
whereas persons with high socioeconomic status interpreted SMB instructions rather freely
[49].

Extant studies report a positive association between longer diabetes duration and better
performances of self-management among patients with type I [15] and type II [50] diabetes. A
longer diabetes duration may result in an increased experience with self-care activities. Our
results suggest that recently diagnosed patients with type II diabetes often lack the skills neces-
sary for an efficient self-management of diabetes and therefore represent a special target group
for DSME-programs.

Previous studies have emphasized that social support is important in the self-management
of diabetes [16]. Family and friends constitute relevant support systems and are key motivators
for patients with diabetes to stick to their self-management practices [23]. Especially individual
commitments to family members are significant motivators to make better choices for a
healthy lifestyle [51]. Our results are partly in line with the literature, as living together did not
emerge as a significant facilitator of good SMB. Even though social relationships are relevant
factors in sustaining motivation, living together with a spouse or a partner does not necessarily
imply adherence in self-management. In this context it should be considered that elderly per-
sons with diabetes represent a particularly vulnerable group who are especially dependent on
family networks [52]. Second, instead of civic or partnership status, underlying characteristics
such as quality of support, length and subjective satisfaction with the relationship may be more
relevant concerning its effects on SMB [16].

Within the present analysis, age was positively associated with an increased probability for
a mixed type of SMB, while both adherent and nonadherent patterns of SMB decreased with
age. This accords to previous studies, pointing out that particularly older patients neglect vari-
ous self-care practices, especially due to restricted physical abilities [23]. Furthermore, our
analysis showed an increased risk for nonadherent SMB within younger groups. Concurrent
with the results of McCarthy et al [13], targeting young persons who are at an early stage of the
disease with regular self-management programs may be a reasonable strategy.

Various studies indicate that sex plays an important role in the adherence of self-manage-
ment and female sex is reportedly associated with frequent SMB [17, 51]. The fact that our
results, in contrast, do not reveal sex differences may be largely due to the fact that other stud-
ies operationalized the concept of SMB as self-care agency [17] or that these studies prospec-
tively focused on the effects of sex-specific occupations [44]. Although our results do not
indicate any relevant sex differences, DSME-programs should take into account the different
needs of men and women in self-management of diabetes.
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One last aspect regarding the composition of our latent classes concerns the indicator of
“keeping a diabetes diary”: 77.5% of the adherent, 13.9% of the non-adherent and 0.1% of the
mixed adherent SMB pattern types keep a diabetes diary. Diabetes diaries are part of DSME
for both patients with and without insulin treatment, both type I and type II [35]. In clinical
routine, diabetes diaries are used to document SMBG or self-measurement of urine glucose
and documentation of daily anti-diabetic medication. They are predominantly used for insulin
dosage documentation and therefore more frequently used by patients with insulin treatment.
A closer look at the mixed SMB pattern reveals that those consists of persons with diabetes
who perform SMBG (47.0%), but are less likely to document these data in their diabetes diaries
(0.1%). Our data therefore suggests that the comparatively low willingness to document one’s
own blood glucose within the mixed pattern might result from the belief that diabetes can be
managed effectively without a diary. It is important to regard that we analysed the SMBG as a
dichotomous (yes/no) variable for reasons of simplified data analysis within the framework of
LCA. Keeping this in mind, another interpretation might be that both the mixed type (as well
as the nonadherent type) choose to measure blood glucose on a more irregular basis, perhaps
because they are on a therapy or metabolic situation which does not fulfil the criteria for reim-
bursement of self-assessment blood glucose test kits. Therefore, these respondents may choose
not to document their SMBG but rather perform it on an occasional basis.

Composition of SMB Patterns and their corresponding factors remained largely unchanged
within sensitivity analyses that excluded dietary plan and SMBG. Furthermore a majority of
66.5% of our respondents engaged in SMBG. This relatively high proportion of respondents
performing self-assessment of blood glucose might be surprising, given that it is not a manda-
tory component of SMB for all persons with diabetes. As noted above (see “statistical analy-
sis”), self-assessment of blood glucose is recommended and payed for only for certain patient
groups with diabetes (namely those with insulin treatment and those with other antidiabetic
medication with hypoglycaemia potential or certain medical situations at risk for an instable
metabolism). However, patients are free to purchase test kits, for example in pharmacies, at
their own expense and to use them to self-monitor their blood glucose. In concordance, litera-
ture indicates that self-assessment of blood glucose is used both by patients who do and who
do not receive insulin as a treatment [53]. The proportion of self-assessments of blood glucose
within our sample corresponds to a previous German national survey, showing that 62.8% of
persons with diabetes use SMBG, which is in the same range as SMBG frequency in our study
[24].

Strengths and limitations

Contrary to other studies on self-management of diabetes, which rely predominantly on con-
venience samples or on RCT's within specific care settings, the GEDA-2014/2015-EHIS study
is one of the few nationwide, population based surveys regarding this topic (see also
GNHIES98 and DEGS1 [24, 54]; KORA-A [10, 55] is a further study from Germany but not
nationwide). This is a strength of the present survey, as it provides data on diabetes SMB with
generalizability to real world settings.

Another strength of our analyses is that the present survey covers all adult age groups. This
is an added value in contrast to other studies conducted in the elderly (see Becker et al [10] or
Murray et al [56]). Although the age distribution in the present survey is highly left-skewed,
this does not imply that younger age cohorts are heavily underrepresented. Rather, these data
correspond to the higher prevalence of type II diabetes and to the age-dependent diabetes
prevalence provided by the German Diabetes Surveillance 2019 [38]. In addition, it should be
noted that this age distribution was weighted and adjusted by the multi-stage survey design of
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the GEDA Survey (and the corresponding weight-factors included in our regression models),
thus minimizing a possible bias.

The present study adds an empirical typology of different types of SMB patterns based on
population-based data to the existent literature. By employing latent class models, we identify
coherent patterns of SMB by a data-appropriate method. In opposition to composite scores or
the analysis of single item indicators, LCA takes account of the co-occurrences of various
forms of SMB. Contrary to other operationalisations of diabetes self-management, we concep-
tualized adherence in SMB as a categorical, latent variable and used LCA to separate this con-
struct from its corresponding measurement error.

Comparisons to results based on an additive index showed several advantages of this
approach. For instance, one major advantage of latent class analysis is the imputation of miss-
ing values in the self-management indicators, while an additive index relies on listwise deletion
of cases (in the present analyses, 77 cases had to be excluded that could otherwise be analysed
within LCA). The low psychometric reliability of an adherence index indicates that SMB pat-
terns cannot be ordered along a continuum (in the sense of a linear index), but instead form
distinct categories. Estimating a latent multinomial variable in the context of an LCA forms an
efficient strategy to statistically represent this basic assumption. An additive index also implies
a parallel or tau-equivalent measurement model in which the individual indicators have an
identical weight. This assumption seems questionable: is HbAlc measurement for instance
replaceable by a participation in a retinopathy screening with respect to the operationalization
of SMB adherence? Moreover, this assumption of an additive index complicates the interpreta-
tion of slope coefficients within corresponding regression models. Is a slope (i.e. the average
difference between two groups regarding the additive index) of, say, one scale point of practical
relevance? LCA, on the other hand, allows the results to be interpreted in terms of probability
changes (for example: DSME participation increases the probability of an adherent SMB pat-
tern by 51.7 percentage points). Additionally, this multivariate operationalization of SMB-pat-
terns adapts better to everyday life compared to singular parameters because patients usually
perform a variety of SMBs simultaneously. On the other hand, a major shortcoming of additive
adherence-indexes lies in the fact that they neglect the co-occurrences of various forms of
SMB.

Our study has various limitations, the most severe being the lack of information about
respondents’ HbAlc levels. Therefore, we cannot make any statements about the forms of
SMB that meet the actual requirements of specific respondents (such as an actual need for opti-
mization). Furthermore, the present data did not allow for a differentiation between respon-
dents with type I or type II diabetes. Diabetes therapy and insulin treatment status, which are
positively associated with various forms of self-monitoring and especially with SMBG [10],
were not available with sufficient extent within the present survey. Against this background, it
can be argued that not all self-management indicators used in the present analysis are appro-
priate for each respondent. Nonetheless, our results indicate that three coherent patterns of
SMB emerge if respondents are pooled within one single sample. Furthermore, our typology of
SMB-patterns refers only to actual and active practices of self-management among people with
diabetes, regardless of diabetes therapy, diabetes type and HbAlc. Additionally, GEDA-EHIS
2014/2015 survey data does not distinguish between type I and II diabetes. However, it may be
assumed that our sample predominantly consists of respondents with type II diabetes, given its
high prevalence within the German population (7.0% to 7.4% [57]) and the comparatively low
prevalence of type I diabetes (0.28% to 0.33% [58]). As our examined SMB variables are both
applicable for type I and type II diabetes, we see no reasons that the potential diversity of the
present sample may have led to difficulties with model identification. Nevertheless, an analysis
stratified by these characteristics should be addressed by future research.
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A further limitation concerns the assessment of SMB. The present survey employed self-
reporting methods, which may be impacted by social desirability or a possible recall bias (likely
resulting in an over-reporting of adherent SMB). Additionally, it may be argued that SMBG is
not recommended and covered financially by health insurance companies for patients without
insulin therapy. Since the status of insulin therapy was not available in the present survey for
an analysis of subgroups, we addressed this issue in the context of a sensitivity analysis (see S3
Table, S3 Fig, S5 Table). Also, a classic diet plan in written form is not recommended in any
German Diabetes Education programme, which gave reason to a second sensitivity analysis
(see S4 Table, S4 Fig, S6 Table). However, the results of both additional analyses suggest that
these limitations of our self-management assessments do not fundamentally affect or change
the composition of the latent classes and their associated factors. Another limitation related to
the assessment of SMB concerns the statistical consequences of combining binary and categor-
ical dependent variables in the latent class analysis. Due to the different levels of measurement
of the SMB indicators and to avoid sparse data, we necessarily had to rely on a dichotomization
of the classification variables. There are two primary limitations associated with this: First,
such a summary of variable characteristics is typically based on sample-specific parameters
(e.g., median or mean). For this reason, classifications based on these summarized characteris-
tics sometimes cannot be reproduced in other samples [59]. Second, MacCallum et al. [60]
point out that the pooling of response categories can minimize differences among respondents
such that the homogeneity of respondents within a formed group is overestimated.

The present analysis was limited to the associations of sociodemographic and disease-
related factors with SMB. Research suggests that communication styles of health-care profes-
sionals as well as health provider—patient relations [51, 61] are relevant aspects in the imple-
mentation of self-management. However, the important role of the primary care physicians in
supporting SMB is an aspect missing in our analysis, as well as non-family social support in
general. However, up to our knowledge, we found no nationwide population-based study on
SMB investigating communication styles of health-care professionals as confounder.

Another limitation concerns unavailable details on DSME participation, such as repetitive
DSME participation, time gap between diabetes diagnosis and DSME participation, non-com-
pletion or cancellation of a DSME. Also, data on inscription of specialized chronic care man-
agement programs (DMPs) for participants with diabetes were not available. Among German
patients who are inscribed in a DMP, there are local differences regarding DSME participation
with proportions varying between 29.3% [62] and 41.1% [63]. Since enlistment in a DMP
implies more frequent doctor/practice staff consultations than usual care, this variable consti-
tutes a potential confounder that is associated with higher adherence in SMB.

Our results bear the limitations that are inherent of a cross-sectional study design. Associa-
tions between the different demographic and disease-related characteristics in the present
study should be interpreted as mere descriptive correlations, rather than as causal
relationships.

Conclusions

Based on the co-occurrences of different SMB, we developed a parsimonious typology that dis-
tinguishes between three patterns. Subsequent latent variable regressions provide important
insights for adequate tertiary prevention strategies within diabetes health care. Participation in
a DSME-program showed to be the most relevant predictor of adherence in SMB, underlining
the role of DSME in the treatment among patients with diabetes. Thus, there is arguably a
need to ensure the chance to participate in a DSME program for each patient with diabetes.
Our results imply that medical staff caring for persons with diabetes should be encouraged to
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motivate their patients at the utmost to participate in a DSME. Our results also point toward
groups with an increased risk of self-management deficits that should be given special consid-
eration by health professionals, e.g. employed persons, persons with a short diabetes duration
and persons with a low attendance towards their own health. Furthermore, fostering the mind-
fulness towards one’s health might be a valuable strategy to increase efficacy in SMB. Further
research and practical efforts should be undertaken to study how attentiveness toward patients’
health could be increased.
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