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Abstract
Background: Current evidence suggests that the information needs of people with diabetes mellitus differ across
patient groups. With a view to being able to provide individualized information, this study aims to identify (i) the
diabetes-related information needs of people with diabetes mellitus; (ii) different subgroups of people with specific
information needs; and (iii) associated characteristics of the identified subgroups, such as sociodemographic
characteristics, diabetes-related comorbidities, and well-being.
Methods: This cross-sectional study was based on data from 837 respondents with diabetes mellitus who
participated in the population-based KORA (Cooperative Health Research in the Augsburg Region) Health Survey
2016 in Southern Germany (KORA GEFU 4 study) (45.6% female, mean age 71.1 years, 92.8% Type 2 diabetes).
Diabetes-related information needs were assessed with a questionnaire asking about patients’ information needs
concerning 11 diabetes-related topics, e.g. ‘long-term complications’ and ‘treatment/therapy’. Subgroups of people
with different information needs and associated characteristics were identified using latent class analysis.
Results: We identified the following four classes of people with different information needs: ‘high needs on all
topics’, ‘low needs on all topics’, ‘moderate needs with a focus on complications and diabetes in everyday life’, and
‘advanced needs with a focus on social and legal aspects and diabetes research’. The classes differed significantly in
age, years of education, type of diabetes, diabetes duration, diabetes-related comorbidities, smoking behaviour,
diabetes education, current level of information, and time preference.
Conclusions: Knowledge about different patient subgroups can be useful for tailored information campaigns or
physician-patient interactions. Further research is needed to analyse health care needs in these groups, changes in
information needs over the course of the disease, and prospective health outcomes.
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Background
Diabetes mellitus (DM) is a chronic disease with a high
prevalence [1, 2], requiring intensive patient selfmanagement [3]. DM is associated with a complex
health care situation in which sharing knowledge and
providing tailored information that considers patients’
information needs play a key role in patient-centred
health care [4]. For example, in physician-patient interactions, knowledge of patients’ information needs can
help physicians meet patients’ expectations, leading to
informed decision-making and improved health care [5].
However, several barriers have been reported e.g., relevant information was communicated by the physician,
but in an unsuitable situation, or the physician did not
have enough time to inquire about the patient’s needs
[6]. An understanding of what, why, and when information needs arise, is a challenge for health care providers
[7]. To support and simplify needs-oriented information
exchange, it is of great interest to identify what information is relevant, for what (groups of) patients, and in
what stage of the disease.
A few studies have been done on DM regarding patients’ information needs, with initial results indicating
differences among patient groups (e.g. age and socioeconomic status) and different phases of the disease (e.g. determined by mode of diabetes treatment and diabetesrelated comorbidity) [6, 8–11]. In order to provide individualized information, more work is required to identify
information needs-related subgroups in people with
DM. In the field of cancer, this question has already
been addressed using a specific methodological approach. Neumann and colleagues (2011) used a latent
class analysis (LCA) to categorize the information needs
of different subgroups of people with cancer and to
identify the associated predictors [12]. There is no comparable study among people with DM.
Therefore, the present study aimed to identify (i) the
diabetes-related information needs of people with DM;
(ii) different subgroups of people with specific information needs; and (iii) associated characteristics of the
identified subgroups, such as sociodemographic characteristics, diabetes-related comorbidities and well-being.
A patient’s information need is defined as the ‘recognition that their knowledge is inadequate to satisfy a goal,
within the context/situation that they find themselves at
a specific point in the time’ [7].
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research platform in southern Germany for populationbased health surveys. The research platform aims to
continue and to expand the project ‘Multinational Monitoring Trends and Determinants in Cardiovascular Disease’ (MONICA) initiated by the World Health
Organization in 1984 [14–16]. It examines the links between health, disease, and the living conditions of the
population.
In 2016, all 11,189 eligible respondents from the
KORA S1–S4 studies (from 1984 to 2001) were invited
to participate in the KORA GEFU 4 study (n = 9035 responses). An additional diabetes-related questionnaire
was sent by post or collected by telephone in 2016 to all
eligible Health Survey respondents who reported a diabetes diagnosis (n = 1130). The present study included
all 837 participants (74.1%) who responded to the
diabetes-related questionnaire between May 2016 and
January 2017.
Measurement of diabetes-related information needs

To assess the diabetes-related information needs of individuals with Type 1 and Type 2 diabetes, we used two
different sections of the Information Needs in Diabetes
Questionnaire (Additional file 1, Appendix 1) [17]:
1

2

In the first section, respondents were asked to
select up to three of 11 diabetes-related topics on
which they currently needed more information
(multiple answers). This enabled us to identify
topics where participants currently had the greatest
desire to obtain more information.
In the second section, for each of the 11 diabetesrelated topics, respondents were asked whether they
would like to have more information on each topic
at the current time. Response categories were ‘yes’
and ‘no’. Thus, the participants’ information needs
were measured for each topic, without being
assessed as more or less important, as in the first
section.

Measurement of associated characteristics

Based on the literature (Additional file 2, Appendix 2),
we selected characteristics that might be associated with
information needs and defined the following six thematic groups of variables:
Sociodemographic characteristics [8, 9]

Methods
Study design and population

This cross-sectional study is based on data from the
population-based KORA (Cooperative Health Research
in the Augsburg Region) Health Survey 2016 in Southern Germany (KORA GEFU 4 study). KORA has been
described in detail elsewhere [13]. KORA is a regional

We included age (in years), sex, and years of education
(primary education < 11 years vs. secondary/tertiary education ≥11 years).
Diabetes-related characteristics [9, 10, 18, 19]

We included type of diabetes, coded as ‘Type 1 diabetes’,
‘Type 2 diabetes’ and ‘other diabetes type’ (e.g.

Borgmann et al. BMC Public Health

(2020) 20:1901

gestational diabetes; not included in the LCA models),
and diabetes duration as measured by the question ‘Have
you been diagnosed with diabetes by a physician? In
which year?’. Antihyperglycaemic medication was coded
as ‘yes’ if respondents stated that they currently took oral
glucose-lowering drugs or insulin. If both treatment options were answered with ‘no’, the variable was coded as
‘no’. Diabetes-related comorbidities were coded as ‘yes’ if
respondents reported at least one of the following comorbidities (retinopathy, blindness, microalbuminuria,
kidney failure, artificial kidney, peripheral artery occlusive disease, polyneuropathy, diabetic foot syndrome,
amputation). Otherwise, no comorbidity was assumed
and the characteristic coded as ‘no’.
Lifestyle-related characteristic [9, 20]

Smoking behaviour was assessed in terms of the current
smoking situation, with the responses ‘yes’ (regularly or
occasionally) or ‘no’ (never- or ex-smoker).
Well-being [10, 21]

Well-being was measured with the German version of
the World Health Organisation-Five Well-Being Index
(WHO-5) [22] and coded as ‘low well-being’ or ‘high
well-being’ (cut-off score ≥ 50).
Current level of information and diabetes education [10]

The respondents’ current level of diabetes-related information was captured using the Information Needs in
Diabetes Questionnaire [17]. Responses for the 11 topics
(Additional file 1, Appendix 1) were given on a 4-point
Likert scale from ‘not informed at all’, coded as 0, to
‘very well informed’, coded as 3. The sum of all variables
ranged from 0 to 33. In addition, we included participation in a diabetes training programme (yes vs. no) as a
measure of diabetes education.
Time preference [9, 23]

To measure time preference, we asked respondents to
indicate their level of agreement to the statement: ‘My
present well-being is more important to me than my future health status’ on a 4-point Likert scale which was
then dichotomised and coded as ‘rather disagree’ or ‘rather agree’. Time preference can be regarded as present
orientation as it assessed ‘whether participants preferred
immediate pleasure over long-term health’ [24].
Statistical analysis

The descriptive analysis included frequencies, mean values
and standard deviations. All quantitative analyses were
performed in the SAS software, V.9.4 (SAS Institute Inc.,
Cary, NC).
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Analysis of information needs using LCA: handling of
missing data

In total, 708 participants (84.6%) responded to at least
one topic of the Information Needs in Diabetes Questionnaire (Section 1 or Section 2, see ‘Measurement of
diabetes-related information needs’). The LCA [25] was
performed with the data from the second section. Four
hundred eighty participants (57.3%) provided information for at least one of the 11 topics in Section 2 (a question asking whether the participant needs information
on each topic, with yes/no as the possible responses),
while 283 respondents (33.8%) provided information for
all 11 topics.
The missing values seemed to be not at random: Frequency of answering ‘yes’ (reporting an information
need) increased for all 11 questions as the total number
of missing values increased (Additional file 2, Appendix
3). Therefore, it seemed that some respondents understood this section more as a checklist in which it was
not necessary to select the answer ‘no’; one only needed
to answer a question with ‘yes’ if information on a given
topic was needed. Hence, missing values can be assumed
to at least partially reflect the answer ‘no’ (‘checklist misconception effect’ [26]).
Therefore, we decided to perform a main analysis and
two sensitivity analyses in which the missing values were
handled differently. In the main analysis (Variant 1), we
did not perform any imputation at all. We included only
respondents who answered at least one of the 11 questions of Section 2 of the questionnaire (n = 480) and
used the answers that were available. In the first sensitivity analysis (Variant 2), all missing values for the 11
questions of Section 2 were coded with ‘no’ and the
LCA was performed with the full sample (n = 837). In
the second sensitivity analysis (Variant 3), missing values
were coded as ‘yes’ if the respective diabetes-related
topic was selected as one of the three most important
topics in the first section of the Information Needs in
Diabetes Questionnaire. We assumed that participants
who had already reported a need for information in the
first part of the questionnaire might not want to mention it again. This led to a total of 613 participants in
Variant 3.
LCA without covariates: identification of subgroups with
different information needs

In line with Lanza and colleagues (2007), we calculated
LCA models without covariates with one to eight classes
in order to identify the optimal number of classes [25].
We chose the best model based on model fit indicators.
Lower values of the Bayesian information criterion (BIC)
and adjusted Bayesian information criterion (aBIC) indicated better fit. A (relative) entropy close to one indicated high separation of classes. Moreover, we assessed
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whether the classes were meaningful, set the minimum
class prevalence to 5%, and took the ‘law of parsimony’
[27] into account.
LCA with covariates: identification of associated
characteristics

After selecting the number of classes, we performed
LCA with covariates to investigate the characteristics
associated with the identified subgroups. LCA with
the following covariates were performed: age, sex,
years of education, type of diabetes, diabetes duration,
antihyperglycaemic medication, diabetes-related comorbidities, current smoking behaviour, well-being,
diabetes education, current level of information, and
time preferences (see ‘Measurement of associated
characteristics’).

Results
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Table 1 Participants’ characteristics
Characteristics

n (%) / (M ± SD)

Total number of participants

837

Age (years), n = 837

71.1 ± 9.5

Sex, n = 837
Female

382 (45.6)

Male

455 (54.4)

Years of education, n = 836
≥ 11 years

330 (39.5)

< 11 years

506 (60.5)

Type of diabetes, n = 804
Type 1 diabetes

41 (5.1)

Type 2 diabetes

746 (92.8)

Other diabetes type

17 (2.1)

Diabetes duration, n = 763
≥ 10 years

394 (51.6)

< 10 years

369 (48.4)
12.1 ± 10.2

Description of population
Respondent characteristics

Mode of diabetes treatment, n = 835

The sample (n = 837) is described in detail in Table 1.

No oral glucose-lowering drugs and no insulin

145 (17.4)

Oral glucose-lowering drugs

482 (57.7)

Diabetes-related information needs

Insulin

99 (11.9)

In the first part of the Information Needs in Diabetes
Questionnaire, 443 respondents (52.9%) selected one to
three diabetes-related topics they currently considered
as most important in terms of a need for more information (Fig. 1). Most respondents selected information regarding ‘long-term complications’ (37.7%) and
‘treatment/therapy’ (35.0%) as most important. The
topics ‘support, helplines, and information sources’
(14.7%) and ‘social and legal aspects’ (12.6%) were less
frequently chosen.
In the second part of the Information Needs in Diabetes Questionnaire, 480 respondents (57.3%) indicated whether they had an information need for at
least one of the 11 topics, as already mentioned in
the method section (Additional file 2, Appendix 4).
For each topic, 28–42% of the respondents indicated
that they would like to have more information at the
current time. The percentage was highest for ‘diabetes
research’ (41.9%) and ‘long-term complications’
(39.7%), and lowest for ‘support, helplines, and information sources’ (27.9%).

Oral glucose-lowering drugs and insulin

109 (13.1)

Subgroups with specific information needs
LCA without covariates: Identification of subgroups with
different information needs

In the main analysis and the two sensitivity analyses,
the four-class model exhibited the best fit. The fourclass model had the lowest aBIC value across all three
variants of LCA and a high entropy score. The model
fit indicators are described in detail in Additional file

Diabetes-related comorbidity, n = 837
Yes

329 (39.3)

No

508 (60.7)

Current smoking behaviour, n = 834
Regular

89 (10.7)

Occasionally

8 (1.0)

Ex-smoker

380 (45.6)

Never

357 (42.8)

Well-being, n = 834
High well-being (≥50)

596 (71.5)

Low well-being (< 50)

238 (28.5)

Current level of information, n = 505

16.2 ± 6.8

Diabetes education, n = 731
Yes

386 (52.8)

No

345 (47.2)

Time preference, n = 697
Rather agree

296 (42.5)

Rather disagree

401 (57.5)

M mean, SD standard deviation
Mode of diabetes treatment: Self-reported treatment. Diabetes-related
comorbidity: Included were retinopathy, blindness, microalbuminuria, kidney
failure, artificial kidney, peripheral artery occlusive disease, polyneuropathy,
diabetic foot syndrome, and amputation. Well-being: High well-being was
reported if WHO-5 Index ≥50 [22]. Current level of information: Responses for
eleven diabetes-related topics were given on a 4-point Likert scale. The sum of
all variables ranged from 0 to 33 (higher scores indicate a higher level of
information). Diabetes education: Answer to the question of whether the
participant has participated in a diabetes training program. Time preference:
Agreement with the statement ‘My present well-being is more important to
me than my future health status’
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Fig. 1 Topics where respondents currently had the greatest desire to obtain more information (respondents who provided at least one answer in
the first part of the Information Needs in Diabetes Questionnaire, n = 443 (52.9% of the study population))

2, Appendix 5. In addition, the four-class model was
the most substantially meaningful. Therefore, in line
with the LCA literature [25], we selected the model
with four classes as most suitable.

The four identified classes represented four different
information needs profiles in people with DM. They differed considerably in nearly all of the 11 diabetes-related
topics and can be described as follows (Fig. 2):

Fig. 2 Probabilities of information needs stratified by LCA classes in the main analysis (Variant 1) without covariates (n = 480)
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 High information needs on all topics (high needs

class): The probability of a reported information
need was 85.3 to 98.7% for all topics. The estimated
class prevalence was 36.6%.
 Low information needs on all topics (low needs class):
The probability of a reported information need was
0.0 to 3.5% for all topics. The estimated class
prevalence was 37.4%.
 Moderate information needs with a focus on
complications and diabetes in everyday life
(moderate needs class): The probability of a reported
information need was highest for ‘long-term
complications’ (61.6%), ‘diabetes in everyday life’
(57.1%), ‘acute complications’ (44.5%) and ‘lifestyle
adjustment, health promotion and prevention’
(43.2%). For other topics, the probability of a
reported information need was between 24.1 and
41.4%. The estimated class prevalence was 16.6%.
 Advanced information needs with a focus on social
and legal aspects and diabetes research (advanced
needs class): The probability of a reported
information need for ‘social and legal aspects’ and
‘diabetes research’ was 93.7 and 92.5%, respectively.
For the topics ‘mental strain’ and ‘support, helplines,
and information sources’, the probability of a
reported information need was 61.5 and 52.3%,
respectively. For the seven other topics, the
probability of a reported information need was
between 8.2 and 31.6%. The estimated class
prevalence was 9.4%.
In the sensitivity analyses, the classes were very comparable (Additional file 2, Appendix 6). However, the
prevalence of the classes differed. In particular, the
prevalence of the ‘high needs class’ and the ‘low needs
class’ changed due to the different handling of missing
values.
LCA with covariates: identification of associated factors

The variables age, years of education, type of diabetes,
diabetes duration, diabetes-related comorbidities, smoking behaviour, diabetes education, current level of information, and time preference differed significantly among
the four classes of information needs (Table 2).
The present findings suggest that the typical person with
‘high needs’ is younger than a person with ‘low needs’ and
‘moderate needs’, less educated than a person with ‘advanced needs’ and is more likely to have Type 2 diabetes
than a person with ‘low needs’. They have a longer duration of diabetes and is more likely to have comorbidities
than a person with ‘low needs’ or ‘moderate needs’. In
addition, the person is more likely to smoke and less likely
to have participated in a diabetes education program than
a person with ‘advanced needs’. A person with ‘high needs’

Page 6 of 11

is also less informed than a person with ‘low needs’ or ‘advanced needs’ and is more likely to disagree that current
well-being is more important than future health than a
person with ‘low needs’.
A typical person with ‘low needs’ is older than a person
with ‘high needs’ or ‘advanced needs’, less educated than a
person with ‘advanced needs’ and more likely to have
Type 1 diabetes than a person with ‘high needs’. They have
a shorter duration of diabetes and are less likely to have
comorbidities than a person with ‘high needs’ or ‘advanced
needs’. In addition, the person is more likely to smoke
than a person with ‘advanced needs’. A person with ‘low
needs’ is also better informed than a person with ‘high
needs’ or ‘moderate needs’ and more likely to agree that
current well-being is more important than future health
than persons with the other three needs profiles.
A typical person with ‘moderate needs with a focus on
complications and diabetes in everyday life’ is older, has
a shorter duration of diabetes and less likely to have comorbidities than a person with ‘high needs’. They are less
informed than a person with ‘low needs’ or ‘advanced
needs’ and more likely to disagree that current wellbeing is more important than future health than persons
with ‘low needs’.
A typical person with ‘advanced needs with a focus on
social and legal aspects and diabetes research’ is younger
than a person with ‘low needs’, better educated than a
person with ‘high needs’ or ‘low needs’, and has a longer
duration of diabetes and is more likely to have comorbidities than a person with ‘low needs’. In addition, they
are less likely to smoke than a person with ‘high needs’
or ‘low needs’, more likely to have participated in a diabetes education program than a person with ‘high needs’,
and better informed than a person with ‘high needs’ or
‘moderate needs’. The person is more likely to disagree
that current well-being is more important than future
health than a person with ‘low needs’.
The covariates ‘sex’, ‘antihyperglycaemic medication’,
and ‘well-being’ exhibited no significant associations
(Additional file 2, Appendix 7 for Variant 2 and Variant
3). Respondents’ characteristics stratified by classes are
presented in Table 3 (Additional file 2, Appendix 8 for
Variant 2 and Variant 3) and Table 4.

Discussion
Main findings

We identified a number of individuals with DM with
diabetes-related information needs. The following four
classes of people with different information needs were
found: ‘high needs on all topics’; ‘low needs on all topics’;
‘moderate needs with a focus on complications and diabetes in everyday life’ and ‘advanced needs with a focus
on social and legal aspects and diabetes research’. The
classes differed significantly in age, years of education,
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Table 3 Participants’ characteristics stratified by classes (main analysis with covariates, n = 306)
Characteristics

High needs class
n (%) / (M ± SD)

Low needs class
n (%) / (M ± SD)

Moderate needs class
n (%) / (M ± SD)

Advanced needs class
n (%) / (M ± SD)

N

85

120

60

41

Age (years)

67.1 ± 9.1

70.3 ± 8.0

70.3 ± 9.5

65.9 ± 10.4

Sex (female)

32 (37.6)

55 (45.8)

25 (41.7)

18 (43.9)

Years of education (≥11 years)

34 (40.0)

46 (38.3)

30 (50.0)

26 (63.4)

Type of diabetes (Type 2)

83 (97.6)

109 (90.8)

60 (100.0)

35 (85.4)

Diabetes duration (years)

13.0 ± 10.5

11.9 ± 8.9

9.6 ± 9.6

14.9 ± 12.5

Antihyperglycaemic medication (yes)

74 (87.1)

101 (84.2)

49 (81.7)

37 (90.2)

Comorbidities (yes)

42 (49.4)

40 (33.3)

22 (36.7)

24 (58.5)

Current smoking behaviour (yes)

15 (17.6)

21 (17.5)

4 (6.7)

0 (0.0)

High well-being (≥50)

59 (69.4)

93 (77.5)

43 (71.7)

28 (68.3)

Diabetes education (yes)

44 (51.8)

68 (56.7)

27 (45.0)

32 (78.0)

Current level of information

13.0 ± 6.0

18.9 ± 7.0

11.8 ± 5.5

18.3 ± 4.3

Time preference (rather agree)

23 (27.1)

60 (50.0)

21 (35.0)

5 (12.2)

type of diabetes, diabetes duration, diabetes-related comorbidities, smoking behaviour, diabetes education,
current level of information, and time preference.
Discussion of the findings and comparison to other
studies

This is the first study to identify subgroups of persons
with DM with different sets of information needs. Recent studies have analysed information needs among
people with DM more generally, with some finding
higher information needs than in our study [8–10, 28].
One reason for this observation might be differences in

the study samples. For example, only participants with a
diabetes duration of less than 1 year are included in the
German Diabetes Study [10]. More than 57% of the participants stated that they had a need for information on
each diabetes-related topic [10]. It has been suggested
that information needs may change over the course of
the disease [6, 19, 29, 30]. It is therefore conceivable that
individuals with a recent diagnosis represent a subgroup
with specific (higher) information needs.
We identified a class with ‘low needs’. Compared to
the other classes, these respondents felt well informed.
In addition to respondents who are already well

Table 4 Description of class characteristics compared to the other classes (main analysis with covariates, n = 306)
Selected
characteristics

Typical person with …
High needs:
High information needs
on all topics

Low needs:
Low information
needs on all topics

Moderate needs:
Moderate information needs
with a focus on complications
and diabetes in everyday life

Advanced needs:
Advanced information needs
with a focus on social and
legal aspects and diabetes research

Age

Younger

Older

Older

Younger

Years of education Lower educated

Lower educated

Better educated

Better educated

Type of diabetes

Type 2

Type 1 and Type 2

Type 2

Type 1 and Type 2

Diabetes duration

Longer duration

Shorter duration

Shorter duration

Longer duration

Comorbidities

Yes

No

No

Yes

Current smoking
behaviour

Yes

Yes

No

No

Diabetes
education

No

Yes

No

Yes

Current level of
information

Lower level of information

Higher level of
information

Lower level of information

Higher level of information

Time preference

Rather disagree

Rather agree

Rather disagree

Rather disagree

The results were extracted from the LCA main analysis (Table 2 and Table 3)
Significant results (Table 2) are marked in italics
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informed, this subgroup may also include respondents
who are not aware of their lack of knowledge [6]. According to a systematic review by Horigan et al. (2017),
people with DM’s perceived level of information can account for non-participation in diabetes training programmes [31]. Individuals felt that they had already
received enough information about diabetes [31]. Other
authors also reported problems related to health information overload, especially among people with low education and low health literacy [5, 32, 33]. Furthermore,
individuals with ‘low needs’ were more likely to be
present-biased than future-biased (i.e. preferring smaller,
more immediate rewards to larger, later rewards). They
tended to agree that their current well-being is more important to them than their future health state. In contrast, respondents with ‘high needs’ or ‘advanced needs’
were more future-biased. A previous systematic review
showed that present-biased individuals with DM had
worse diabetes self-care and worse HbA1c values [34].
Further studies should be carried out to analyse possible
associations with information needs.
We identified a second class encompassing individuals
with ‘high needs’ for information on all diabetes-related
topics with no thematic focus. Crangle and colleagues
(2018) reported a change in the need for information
upon the onset of complications, noting that ‘with the
onset of complications, a person may be energized by
the complications to manage his/her diabetes’ [30]. Ormandy (2011) also reported that the perception of
disease-related symptoms drives the recognition and
verbalization of information needs [7]. In line with these
results, we found that respondents with ‘high needs’ were
more likely to have comorbidities than respondents with
‘low needs’ and ‘moderate needs’.
We found that respondents with ‘moderate needs’ had
a more thematic focus than respondents with ‘high
needs’ or ‘low needs’. This thematic focus includes complications and daily life, which are also described as important in other studies on diabetes-related information
needs [9]. Given these prevention-related topics, the
moderate needs and the fact that the group tends to
have fewer comorbidities, it may be worthwhile to pay
attention to this class and its information seeking behaviour including potential motivating (e.g. fear of future
physical state) and demotivating factors (e.g. stigma) [6].
In the ‘advanced needs’ class, respondents wished
more information regarding ‘social and legal aspects’ and
‘diabetes research’. We assume that they lack information that is less often provided in medical treatment. In
an earlier study, we also found that perceived current
level of information on the topics ‘social and legal aspects’ and ‘diabetes research’ was lower compared to the
other topics [9, 10]. This indicates that there is an information deficit at the system level.
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Implications

We identified a number of individuals with DM who exhibited diabetes-related information needs. Therefore,
efforts should be extended in this area, and the provision
of information should be developed to better meet patients’ needs. For example, knowledge about the four different subgroups and their associated characteristics can
be used in tailored information campaigns, physicianpatient interactions or in online health information websites. Here, some specific aspects could be taken into account: (1) Following Madsen and colleagues (2019), it is
conceivable that present-biased people with ‘low needs’
will probably not benefit much from information campaigns. It seems that offers intended to improve outcomes in line with persons’ actual interests and to
reduce self-care costs are more suitable. (2) It may be
meaningful to provide general access to a wide range of
information, but to personalise it according to each patient’s needs. More attention must be paid to information that is more difficult to obtain and goes beyond the
medical context. Researchers should also see themselves
as obliged to disseminate their results to target groups
beyond the scientific community. (3) In providing information in accordance with peoples’ needs, the factors
‘current level of information’, ‘time preferences’ and ‘comorbidities’ may turn out to be good indicators for
current information needs. Considering these factors in
information transfer, e.g. by using a questionnaire in
physician-patient communication or inquiring about this
information on websites, could contribute to this
improvement.
Limitations and strengths

The main limitation of this study is the high number of
missing values, especially in the information needs variables. Class prevalence should be interpreted with caution. In the main analysis, no imputation was performed.
Since it is likely that missing values reflect ‘no information need’, the prevalence of the ‘high needs class’ in particular may be overestimated. However, in light of the
stable results in the sensitivity analyses, we assume that
the identified classes and associated factors are not
biased by missing values. Another limitation of our study
is its cross-sectional design. It would be interesting to
determine whether allocation to one of the four identified classes of information needs can predict a person’s
health outcomes. In addition, the sample may be biased
due to non-responses. It was shown that non-responders
in KORA studies were older and less healthy [35–37].
We assume that this also applies to the population in
our study. The use of data generated through selfreporting is another limitation, especially with regard to
some associated factors as for example current smoking
behaviour. These results should be interpreted with
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caution. However, self-reporting appears to be a successful method of assessing the views of people with DM,
for example to evaluate their individual needs.
An important strength of this study is the populationbased study design. Another strength is that the LCA
classes differed from each other with respect to several
variables, and the identified classes and associations with
other characteristics were stable across all LCA variants.
Due to these stable results, it is possible to identify specific implications for the individual classes.

Conclusion
Although people with DM are unique and the population of people with DM is heterogeneous, four different
subgroups with respect to diabetes-related information
needs were identified. These subgroups differed in
demographic, socioeconomic, diabetes-related and other
personal characteristics (e.g. time preferences). While
from a clinician’s perspective it could be argued that
each client’s information needs should be individually
assessed and the information provided tailored to meet
their requirements, understanding the information needs
of subgroups of people with DM is beneficial when considering the development of targeted resources such as
education programs, written educational material, websites and peer support models. Future work should investigate the health care needs of these groups, changes
in information needs over the course of the disease, possible associations with coping strategies, and prospective
health outcomes.

Page 10 of 11

Authors’ contributions
SOB, VG, JS, ML, NE and AI contributed to the conceptualization, design and
drafting of the present study. SOB, VG, ML, NE and AI designed the analysis.
SOB, VG, JS and AI conducted the formal analysis. SOB and AI supervised the
analysis process. ML, FMK, I-MR-E, LS, K-HL and AP were responsible for data
acquisition and data management. SOB, VG, JS and AI contributed to writing
the manuscript; all authors were involved in editing. All authors have read
and approved the manuscript. AI takes full responsibility for the work as a
whole, including the study design, data access, and the decision to submit
and publish the manuscript.
Funding
The present study was funded by the Federal Centre for Health Education
(BZgA) on behalf of the German Federal Ministry of Health and by the
German Federal Ministry of Education and Research (BMBF) through a grant
to the German Centre for Diabetes Research (DZD e.V.).
The KORA study was initiated and financed by the Helmholtz Zentrum
München – German Research Center for Environmental Health, which is
funded by the German Federal Ministry of Education and Research (BMBF)
and by the State of Bavaria. The KORA-Age project was financed by the German Federal Ministry of Education and Research (BMBF FKZ 01ET0713 and
01ET1003A) as part of the ‘Health in old age’ program. The KORA-Study
Group consists of A. Peters (speaker), L. Schwettmann, R. Leidl, M. Heier, B.
Linkohr, H. Grallert, C. Gieger, J. Linseisen and their co-workers, who are responsible for the design and conduct of the KORA studies.
The funding organisations were not involved in the design of the study and
collection, analysis and interpretation of data, and in writing the manuscript.
Open Access funding enabled and organized by Projekt DEAL.
Availability of data and materials
Data may be obtained from a third party and are not publicly available.
Project agreements to use and access KORA data can be requested from
national and international researchers via the KORA-PASST tool under https://
epi.helmholtz-muenchen.de/.
Ethics approval and consent to participate
The KORA GEFU 4 study was approved by the ethics committee of the
‘Bayerische Landesärztekammer’ (Study Reference Number 08064). The study
was performed in accordance with the Declaration of Helsinki. Written
informed consent was obtained from all individual participants included in
the study.

Supplementary Information
Supplementary information accompanies this paper at https://doi.org/1
0.1186/s12889-020-09968-9 .
Additional file 1: Appendix 1. Information Needs in Diabetes
Questionnaire
Additional file 2: Appendix 2. Rationale of the variables used in the
LCA (association with information needs). Appendix 3. Relative
frequency of current information needs stratified by groups of people
with different numbers of missing values in the second part of the
Information Needs in Diabetes Questionnaire. Appendix 4. Information
needs of study participants. Appendix 5. Statistical parameters for
models with different numbers of classes per LCA variant. Appendix 6.
Probabilities of information needs among people with diabetes stratified
by the identified LCA classes in the sensitivity analyses without covariates.
Appendix 7. LCA with covariates per LCA variant. Appendix 8.
Participants’ characteristics stratified by classes per LCA variant with
covariates

Abbreviations
aBIC: Adjusted Bayesian information criterion; BIC: Bayesian information
criterion; DM: Diabetes mellitus; KORA GEFU 4 study: Cooperative Health
Research in the Augsburg Region Health Survey; LCA: Latent class analysis;
WHO-5: World Health Organization-Five Well-Being Index
Acknowledgements
Not applicable.

Consent for publication
Not applicable.
Competing interests
The authors SOB, VG, JS, ML, NE, FMK, I-MR-E, LS, K-HL, AP and AI declare that
they have no conflict of interest.
Author details
Institute for Health Services Research and Health Economics, German
Diabetes Center (DDZ), Leibniz Center for Diabetes Research at the Heinrich
Heine University Düsseldorf, Auf’m Hennekamp 65, 40225 Düsseldorf,
Germany. 2Institute for Health Services Research and Health Economics,
Centre for Health and Society, Faculty of Medicine, Heinrich Heine University
Düsseldorf, Düsseldorf, Germany. 3German Center for Diabetes Research
(DZD), Munich-Neuherberg, Germany. 4Institute of Health Economics and
Health Care Management, Helmholtz Zentrum München, German Research
Center for Environmental Health, Munich-Neuherberg, Germany.
5
Department of Sport and Health Sciences, Technical University of Munich,
Munich, Germany. 6Center for Health Communication and Health Services
Research, Department for Psychosomatic Medicine and Psychotherapy,
University Hospital of Bonn, Bonn, Germany. 7Institute of Epidemiology,
Helmholtz Zentrum München, German Research Center for Environmental
Health, Munich-Neuherberg, Germany. 8Chair of Epidemiology,
Ludwig-Maximilians-Universität München at UNIKA-T Augsburg, Augsburg,
Germany. 9Department of Economics, Martin Luther University
Halle-Wittenberg, Halle an der Saale, Germany. 10Department of
Psychosomatic Medicine and Psychotherapy, Klinikum Rechts der Isar,
Technical University of Munich, Munich, Germany.
1

Borgmann et al. BMC Public Health

(2020) 20:1901

Received: 16 August 2020 Accepted: 25 November 2020

References
1. Institute for Health Metrics and Evaluation (IHME). GBD Compare Data
Visualization. 2019. http://vizhub.healthdata.org/gbd-compare. Accessed 19
Nov 2020.
2. Saeedi P, Petersohn I, Salpea P, Malanda B, Karuranga S, Unwin N, et al.
Global and regional diabetes prevalence estimates for 2019 and projections
for 2030 and 2045: Results from the International Diabetes Federation
Diabetes Atlas, 9th edition. Diabet Res Clin Pract. 2019;157:107843.
3. Icks A, Haastert B, Arend W, Konein J, Thorand B, Holle R, et al. Time spent
on self-management by people with diabetes: results from the populationbased KORA survey in Germany. Diabet Med. 2019;36:970–81.
4. Scholl I, Zill JM, Härter M, Dirmaier J. An integrative model of patient-centeredness a systematic review and concept analysis. PLoS One. 2014;9:e107828.
5. Clarke MA, Moore JL, Steege LM, Koopman RJ, Belden JL, Canfield SM, et al.
Health information needs, sources, and barriers of primary care patients to
achieve patient-centered care: a literature review. Health Informatics J. 2016;
22:992–1016.
6. St. Jean B. Factors motivating, demotivating, or impeding information seeking
and use by people with type 2 diabetes: A call to work toward preventing,
identifying, and addressing incognizance. JASIST. 2017;68:309–20.
7. Ormandy P. Defining information need in health - assimilating complex
theories derived from information science. Health Expect. 2011;14:92–104.
8. Duggan C, Bates I. Medicine information needs of patients: the relationships
between information needs, diagnosis and disease. Qual Saf Health Care.
2008;17:85–9.
9. Biernatzki L, Kuske S, Genz J, Ritschel M, Stephan A, Bächle C, et al.
Information needs in people with diabetes mellitus: a systematic review.
Syst Rev. 2018;7:27.
10. Grobosch S, Kuske S, Linnenkamp U, Ernstmann N, Stephan A, Genz J, et al.
What information needs do people with recently diagnosed diabetes
mellitus have and what are the associated factors? A cross-sectional study
in Germany. BMJ Open. 2018;8:e017895.
11. St. Jean B. Devising and implementing a card-sorting technique for a
longitudinal investigation of the information behavior of people with type 2
diabetes. Libr Inf Sci Res. 2014;36:16–26.
12. Neumann M, Wirtz M, Ernstmann N, Ommen O, Längler A, Edelhäuser F,
et al. Identifying and predicting subgroups of information needs among
cancer patients: an initial study using latent class analysis. Support Care
Cancer. 2011;19:1197–209.
13. Holle R, Happich M, Löwel H, Wichmann HE, for the MONICA/KORA Study
Group. KORA - A Research Platform for Population Based Health Research.
Gesundheitswesen. 2005;67:19–25.
14. WHO MONICA Project Principal Investigators. The world health organization
monica project (monitoring trends and determinants in cardiovascular
disease): a major international collaboration. J Clin Epidemiol. 1988;41:105–14.
15. Löwel H, Döring A, Schneider A, Heier M, Thorand B, Meisinger C, for the
MONICA/KORA Study Group. The MONICA Augsburg surveys - basis for
prospective cohort studies. Gesundheitswesen. 2005;67:13–8.
16. Meisinger C, Peters A, Linseisen J. Vom MONICA - Projekt über KORA zur
NAKO-Studie: Vom praktischen Nutzen von Bevölkerungsstudien in der
Region Augsburg. Gesundheitswesen. 2016;78:84–90.
17. Chernyak N, Stephan A, Bächle C, Genz J, Jülich F, Icks A. Assessment of
information needs in diabetes: development and evaluation of a
questionnaire. Prim Care Diabet. 2016;10:287–92.
18. St. Jean BL. Information behavior of people diagnosed with a chronic
serious health condition: a longitudinal study: Doctoral dissertation, The
University of Michigan; 2012. https://deepblue.lib.umich.edu/bitstream/
handle/2027.42/91570/bstjean_1.pdf?sequence=1. Accessed 19 Nov 2020.
19. Gardsten C, Blomqvist K, Rask M, Larsson Å, Lindberg A, Olsson G.
Challenges in everyday life among recently diagnosed and more
experienced adults with type 2 diabetes: a multistage focus group study. J
Clin Nurs. 2018;27:3666–78.
20. Kuske S, Schiereck T, Grobosch S, Paduch A, Droste S, Halbach S, Icks A.
Diabetes-related information-seeking behaviour: a systematic review. Syst
Rev. 2017;6:212.
21. American Diabetes Association. Diabetes Advocacy: Standards of Medical
Care in Diabetes-2018. Diabet Care. 2018;41:152–3.

Page 11 of 11

22. Brähler E, Mühlan H, Albani C, Schmidt S. Teststatistische Prüfung und
Normierung der deutschen Versionen des EUROHIS-QOL LebensqualitätIndex und des WHO-5 Wohlbefindens-Index. Diagnostica. 2007;53:83–96.
23. Wilson TD. Information behaviour: an interdisciplinary perspective. Inf
Process Manag. 1997;33:551–72.
24. Karl FM, Holle R, Schwettmann L, Peters A, Laxy M. Time preference,
outcome expectancy, and self-management in patients with type 2
diabetes. Pat Prefer Adhere. 2018;12:1937–45.
25. Lanza ST, Collins LM, Lemmon DR, Schafer JL. PROC LCA: A SAS procedure
for latent class analysis. Struct Equ Modeling. 2007;14:671–94.
26. Meyer T, Schäfer I, Matthis C, Kohlmann T, Mittag O. Missing data due to a
‘checklist misconception-effect’. Soz Praventivmed. 2006;51:34–42.
27. Collins LM, Lanza ST. Latent class and latent transition analysis: with
applications in the social, behavioral, and health sciences. Hoboken: Wiley;
2010.
28. Paprott R, Heidemann C, Stühmann LM, Baumert J, Du Y, Hansen S, et al.
First results from the study ‘disease knowledge and information needs –
diabetes mellitus (2017)’. J Health Monitor. 2018;3:22–60.
29. Lamberts EJF, Bouvy ML, van Hulten RP. The role of the community
pharmacist in fulfilling information needs of patients starting oral
antidiabetics. Res Soc Adm Pharm. 2010;6:354–64.
30. Crangle CE, Bradley C, Carlin PF, Esterhay RJ, Harper R, Kearney PM, et al.
Exploring patient information needs in type 2 diabetes: a cross sectional
study of questions. PLoS One. 2018;13:e0203429.
31. Horigan G, Davies M, Findlay-White F, Chaney D, Coates V. Reasons why
patients referred to diabetes education programmes choose not to attend:
a systematic review. Diabet Med. 2017;34:14–26.
32. Hall A, Walton G. Information overload within the health care system: a
literature review. Health Inf Libr J. 2004;21:102–8.
33. Khaleel I, Wimmer BC, Peterson GM, Zaidi STR, Roehrer E, Cummings E, Lee
K. Health information overload among health consumers: a scoping review.
Patient Educ Couns. 2020;103:15–32.
34. Madsen KP, Kjaer T, Skinner T, Willaing I. Time preferences, diabetes selfmanagement behaviours and outcomes: a systematic review. Diabet Med.
2019;36:1336–48.
35. Hoffmann W, Terschüren C, Holle R, Kamtsiuris P, Bergmann M, Kroke A,
et al. The problem of response in epidemiologic studies in Germany (part
II). Gesundheitswesen. 2004;66:482–91.
36. Holle R, Hochadel M, Reitmeir P, Meisinger C, Wichmann HE, for the KORA
Group. Prolonged Recruitment Efforts in Health Surveys: Effects on
Response, Costs, and Potential Bias. Epidemiology. 2006;17:639–43.
37. Rathmann W, Haastert B, Icks A, Löwel H, Meisinger C, Holle R, Giani G. High
prevalence of undiagnosed diabetes mellitus in southern Germany: target
populations for efficient screening. The KORA survey 2000. Diabetologia.
2003;46:182–9.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

