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Abstract
Background: Evidence suggests that mobile health app use is beneficial for the prevention and management of type 2 diabetes
(T2D) and its associated complications; however, population-based research on specific determinants of health app use in people
with and without T2D is scarce.
Objective: This cross-sectional study aimed to provide population-based evidence on rates and determinants of health app use
among adults with and without T2D, thereby covering a prevention perspective and a diabetes management perspective,
respectively.
Methods: The study population included 2327 adults without a known diabetes diagnosis and 1149 adults with known T2D
from a nationwide telephone survey in Germany conducted in 2017. Rates of smartphone ownership and health app use were
estimated based on weighted sample proportions. Among smartphone owners, determinants of health app use were identified for
both groups separately in multivariable logistic regression models. Sociodemographic factors, diabetes-related factors or indicators,
psychological and health-related factors, and physician-provided information were selected as potential determinants.
Results: Among participants without known diabetes, 74.72% (1690/2327) were smartphone owners. Of those, 49.27% (717/1690)
used health apps, most often to improve regular physical activity. Among participants with T2D, 42.26% (481/1149) were
smartphone owners. Of those, 41.1% (171/481) used health apps, most commonly to target a healthy diet. Among people without
known diabetes, determinants significantly (all P values <.05) associated with an increased likelihood of health app use compared
with their reference group were as follows: younger and middle age of 18 to 44 or 45 to 64 years (odds ratios [ORs] 3.89; P<.001
and 1.76; P=.004, respectively), overweight or obesity (ORs 1.58; P<.001 and 2.07; P<.001, respectively), hypertension diagnosis
(OR 1.31; P=.045), former or current smoking (ORs 1.51; P=.002 and 1.58; P<.001, respectively), perceiving health as very good
(OR 2.21; P<.001), other chronic diseases (OR 1.48; P=.002), and having received health advice from a physician (OR 1.48;
P<.001). A slight or high perceived diabetes risk (ORs 0.78; P=.04 and 0.23; P<.001, respectively) was significantly associated
with a decreased likelihood of health app use. Among people with T2D, younger and middle age (18-64 years; OR 1.84; P=.007),
female gender (OR 1.61; P=.02), and using a glucose sensor in addition or instead of a glucose meter (OR 2.74; P=.04) were
significantly positively associated with health app use.
Conclusions: In terms of T2D prevention, age, diabetes-related risk factors, psychological and health-related factors, and medical
health advice may inform app development for specific target groups. In addition, health professionals may encourage health app
use when giving advice on health behaviors. Concerning T2D management, only a few determinants seem relevant for explaining
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health app use among people with T2D, indicating a need for more future research on which people with T2D use health apps
and why.
(JMIR Diabetes 2020;5(2):e14396) doi: 10.2196/14396
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Introduction
Background
Type 2 diabetes (T2D) is a common chronic metabolic disease
that increases the risk for severe health complications and
premature death [1,2] and is the cause of high economic costs
both in Germany and worldwide [3,4]. Thus, current numbers
of adults with diabetes and those who are at high risk for
developing diabetes are alarming, both worldwide and for the
German population [5,6]. However, mirroring the rising trend
of diabetes-related risk factors such as obesity, the number of
people with T2D is expected to rise, not only in the older
generations but also in young people [7,8].
Mobile apps addressing health issues (health apps) provide an
effective opportunity to support individuals in the prevention
of diabetes, ie, health behavior change in general [9-11] or
lowering diabetes risk in people without diabetes and with
prediabetes [12], and in managing diabetes and preventing its
complications [13,14]. Smartphones, which enable the use of
health apps, are widespread as 81% of the German population
older than 14 years used a smartphone in 2017 [15], and
smartphone use is still increasing [16]. Therefore, apps have
the potential to save health care costs [17] and to reach many
people, those with and without illness conditions. Despite the
effects and potential benefits of general and diabetes-related
health apps, less is known about who uses health apps, especially
when focusing on people without known diabetes and people
with T2D. The investigation of health app use and its association
with a range of physiological, personal, and environmental
factors representing a persons’ health and life background as
conceptualized in the International Classification of Functioning,
Disability, and Health model [18] among people with and
without T2D may result in group-specific user characterizations.
In turn, these may be valuable for needs-based and target
group–specific health app development and health app
promotion.
Although a few studies from a few countries exist that
investigate the rates of health app use among the general
population [19-22], research investigating the rates of
smartphone and health app use among the general population
having no diagnosed diabetes is scarce. This gap in the literature
motivates the investigation of potential determinants relevant
for prevention, ie, determinants that are only present in people
without diabetes such as risk perception on developing diabetes.
In the characterization of health app users among the general
population, previous research consistently suggests that age is
associated with health app use [19-23], whereas the investigation
of sociodemographic factors such as gender or educational level
revealed mixed results [19-23]. Besides electronic health
(eHealth) literacy, health awareness, and health intentions
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[19,21,22], which seem to be correlated with health app use,
previous studies focused on health-related behaviors [19-22] as
they usually present the primary target of health apps. Evidence
of the association with health app use was found for physical
activity [19,21,22] but not for smoking [20,21], whereas it was
unclear for BMI or obesity [20,21]. Thus, these factors, which
are associated with the risk of developing T2D, shall be further
explored alongside other factors that contribute to an actual
diabetes risk, eg, as indicated by a diabetes risk test. However,
an actual diabetes risk, can, but must not, reflect health beliefs.
A previous study revealed that the perceived diabetes risk was
low, even if the actual risk was high [24]. Thus, psychological
and health factors should be explored in addition for the
characterization of health app users. Furthermore, a healthy
lifestyle or diabetes risk addressed by a health care professional
has been found to be associated with adopting a healthy lifestyle
[25,26]. This kind of taking care of ones’ own health, which
Cho et al [27] refer to as health consciousness, was found to be
associated with health app use. Thus, physician-communicated
health information shall be explored in the context of health
app use.
Research focusing on user rates and the identification of
potential determinants of health app use in people with T2D
seems to exist even less. Although there have been estimations
of user rates among people with known T2D among the
Australian adult population [28], such estimates seem to be
generally lacking for the German population. Previous studies
examined the potential determinants of health app use among
people with chronic conditions, including diabetes [29,30].
However, these studies did not investigate people with T2D
separately. Zhang et al [29] found lower health app use in
patients with T2D compared with patients with type 1 diabetes
(T1D), indicating the need for differentiated examinations of
health app use for each diabetes type. Trawley et al investigated
associations between app use for diabetes management and
sociodemographic, clinical, and psychosocial factors among
people with T1D and T2D. However, subsequent analyses of
individuals with T2D were not conducted because of an
insufficient sample size [28]. Previous research indicated that
clinical indicators and disease-related factors may be associated
with the usage of mobile health (mHealth) or eHealth
technology. Usage seemed to be more relevant for people with
a shorter diabetes duration [28,31]. Kuerbis et al [32] discussed
disabilities and functional capacities as potential barriers of
usage. Another study found that patients with T2D most often
chose an app that could receive blood sugar data from a blood
glucometer [29]. Control beliefs seem to be relevant for patients’
self-care behaviors [33] and thus might increase their likelihood
to engage in health app use to improve diabetes management.
To extend the literature on characteristics of health app users
and nonusers among people with T2D, potential determinants
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of health app use, similar to those in people without diabetes
but also more disease related, should be explored.

Objectives
Identifying rates of smartphone ownership, health app use, and
behavior types targeted by apps, as well as characterizing health
app users and nonusers by using population-based data, might
be helpful to promote health app use in specific health contexts
such as diabetes prevention and management. To fill the gaps
described earlier, this study aimed to provide user rates for
adults without diabetes (ie, focusing on diabetes prevention)
and for adults with T2D (ie, focusing on diabetes management)
in Germany. For both samples, we particularly intended to
explore associations between health app use and a range of
potential determinants (partly group specific and partly
overlapping between samples) that we summarized as
sociodemographic factors, diabetes-related risk factors or
indicators, psychological and health-related factors, and
physician-provided information.

Methods
Study Design and Sample
The survey, Disease knowledge and information
needs—Diabetes mellitus (2017), was conducted in 2017 by the
Robert Koch Institute (RKI), Berlin (Germany). This nationwide
telephone survey focused on psychosocial and health care factors
in adults without known diabetes and people with known
diabetes. People were eligible to participate in the survey if they
were German residents aged at least 18 years and had sufficient
German language skills. For the survey, the aim was to include
a sample of 2500 people without known diabetes and a sample
of 1500 people with known diabetes to identify subgroups and
to ensure stratified analyses with possibly low levels of error
tolerance. The sampling procedure comprised a dual-frame
approach. To ensure representativeness by considering all
private households that were potentially reachable over the
phone, a sample of landline and mobile telephone numbers was
randomly generated. In a first step, a sample of the adult general
population, including people with and without diabetes, was
drawn using the Kish selection grid method. Assignment to one
of the samples was based on the question “Have you ever been
diagnosed with diabetes by a doctor?” (yes or no). Two
respondents were excluded because of not answering the
question with yes or no or because of missing information about
the federal state of residence. To gain a larger sample of people
with a physician-diagnosed diabetes, in a second step, a direct
screening procedure was applied by asking for lifetime
physician-diagnosed diabetes. More details are presented
elsewhere [34]. Final samples comprised 2327 people without
known diabetes and 1479 people with self-reported
physician-diagnosed diabetes, respectively. Data were collected
by an external market and social research institute between
September and November 2017 applying computer-assisted
telephone interviews. In this cross-sectional survey, all
respondents were interviewed at a single point of measurement.
Interviews were based on 2 different questionnaires, customized
for people without and with diabetes. Questionnaires were
developed by using preferably short and validated
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German-language instruments. English-language instruments
used were translated into German language using the
forward-backward translation [35]. Other questions were newly
developed. Psychometric properties of multi-item measurements
were investigated and will be the content of a separate
publication that is currently under revision. Cognitive testing
and a field pretest were conducted to assess the
comprehensibility and length of the questionnaires. To ensure
RKI quality standards of survey assessment, interviewers were
trained, monitored, and supervised by the RKI [36].
Respondents’ willingness of cooperation with the survey was
strengthened by applying interview options and rules (eg,
making appointments with target persons; limited number of
contact attempts).
This study focused on individuals without known diabetes
(n=2327) and on individuals with self-reported T2D (n=1149).
People who reported types other than T2D were excluded from
this study (n=330). This study was reported by following the
Strengthening the Reporting of Observational studies in
Epidemiology guidelines for cross-sectional studies [37].
The survey was approved by the ethics committee of the Berlin
Chamber of Physicians in August 2017 (Ärztekammer Berlin;
number Eth-23/17) and the Federal Commissioner for Data
Protection and Freedom of Information. All participants were
informed about the voluntary nature of their participation and
the survey objectives and provided oral informed consent to
participate in the survey before the interview started.

Survey Measures
Smartphone Ownership and Health App Use
Smartphone ownership (yes or no) was assessed identically in
both samples by asking a single question. An overview of survey
questions is given in Multimedia Appendix 1. Health app use,
which was the dependent variable, was only assessed in people
who stated they owned a smartphone. Participants of both
samples were asked if they used a smartphone or app to improve
a certain behavior in the last 12 months. Health behaviors listed
were to (1) quit smoking, (2) be regularly physically active, (3)
maintain a healthy diet, (4) reduce weight, (5) take medication
regularly, (6) regulate blood pressure, and (7) regulate blood
sugar (only in people with diabetes); this was adapted from the
study by Ernsting et al [19]. People who stated that they use a
smartphone or apps to improve at least one of the target
behaviors were defined as health app users. Participants who
answered no for all behaviors but used apps for behaviors not
listed in the survey (derived from the question: “Is it correct
that you do not use your smartphone or apps to improve
behaviors?”) were defined as health app users as well.

Determinant Variables in People Without Known
Diabetes
The sociodemographic determinants assessed were age
(subsequently categorized into 18-44, 45-64, and ≥65 years),
sex, and educational level. The latter was determined following
the Comparative Analysis of Social Mobility in Industrial
Nations classification system [38] and was categorized as low,
middle, or high [6]. Diabetes risk factors considered in this
study comprised BMI (in kg/m²) and several components of the
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German Diabetes Risk Score (GDRS [39,40]). BMI was
calculated based on the participants’ self-reported body height
and weight (kg/m²) and categorized into normal (BMI<25
kg/m²), overweight (BMI≥25 kg/m²), and obese (BMI≥30 kg/m²)
based on the World Health Organization’s criteria [41]. The
components of GDRS were hypertension diagnosis (yes or no),
physical activity (more or less than 5 hours), smoking (current,
former, or nonsmoker), and a family history of diabetes (ie,
having at least one biological parent or sibling who was
diagnosed with diabetes). Perceived health and presence of
chronic diseases apart from diabetes were assessed with an item
of the Minimum European Health Module [42] each. The
perceived risk of getting diabetes over the next 5 years was
assessed with an item adopted from a study by Kim at el [43].
Health advice obtained by a physician was assessed by asking
those who had been at a medical practice in the last 12 months
whether they had received advice on several health behaviors.
Items were adapted from the German Health Interview and
Examination Survey for Adults (DEGS1) [44]. Participants
were defined as having obtained health advice if they stated that
they had received advice on at least one health behavior. An
increased diabetes risk communicated by a physician (yes or
no) was assessed with a self-developed item.

Determinant Variables in People With Known Type 2
Diabetes
Age, sex, and educational level were assessed analogously for
people without diabetes. Diabetes-related indicators included
in this study were diabetes duration, BMI (kg/m2),
diabetes-related complications, comorbidities, current diabetes
treatment, and the method of blood sugar measurement. Diabetes
duration was calculated based on self-reported age and the time
of diagnosis. Diabetes-related complications and comorbidities
were assessed with several items adopted from DEGS1 [44].
Participants were asked for their current diabetes treatment with
an item adopted from the German Health Update survey [45].
The method of blood sugar measurement was assessed with a
self-developed item. People were asked if they use a blood
glucose meter and a glucose sensor in the subcutaneous fatty
tissue, ie, continuous glucose monitoring systems and flash
glucose monitoring systems. Perceived health was assessed
using the same item as for participants without diabetes.
Personal control over diabetes was assessed by using the
Personal Control subscale of a German version of the Revised
Illness Perception Questionnaire (IPQ-R) [46,47]. The scale
score was calculated following instructions that were presented
in the German IPQ-R downloaded from the IPQ-R website [47].
The scale had a possible range from 4 to 20, with a higher score
reflecting more personal control. Health advice obtained by a
physician was assessed similarly to participants without diabetes,
ie, participants with diabetes were directly asked if they received
advice on health behaviors by a member of their medical
treatment team in the last 12 months.

Statistical Analyses
All analyses were conducted separately for people without
known diabetes and people with T2D. Logistic regression
models, with health app use as the dependent variable, were
performed only among those who stated that they owned a
http://diabetes.jmir.org/2020/2/e14396/
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smartphone (sample without known diabetes n=1690; sample
with T2D n=481). Participants who reported not owning a
smartphone or not knowing were excluded from the analyses.
For comparison, descriptive statistics and examinations
comparing nonsmartphone users and smartphone users are
presented in Multimedia Appendix 2. Separate models that
included the single determinants only adjusted for age and sex
were calculated for each sample (model 1). Then, a fully
adjusted model, including all variables described above
simultaneously, was calculated for each sample (model 2).
Specific weighting factors were applied and calculated for
people without and with diabetes, as previously described in
more detail [34]. Logistic regression assumptions were tested,
revealing no multicollinearity, no independence of residuals,
and no linearity of continuous variables. The overall model fit
was evaluated by the Hosmer-Lemeshow goodness-of-fit
statistic [48] and the models’ discrimination ability, ie, the area
under the receiver operating characteristic (ROC) curve [48]
with a value of 0.7 indicating acceptable discrimination.
Missing data were treated by applying multiple imputation
separately to each initial sample, ie, people without known
diabetes (n=2327) and people with T2D (n=1148). In the sample
with T2D, one case was excluded before the imputation because
of missing information on smartphone ownership. Chained
equation imputation was performed based on the fully
conditional specification (FCS) method assuming the pattern
of missing data to be arbitrary and by choosing 20 imputations
[49]. Two imputation models were built, one for each sample,
ie, people without and with T2D. A model included all
corresponding sample variables used for the logistic regression,
or items, which were required to build those variables and the
corresponding sample weight. In the sample of people without
diabetes (n=2327), 149 (6.4%) participants had missing
information in at least one variable. All variables included in
the imputation model had less than 5% of missing values.
Precise information on missing values for all variables is
presented in Multimedia Appendix 3. In the sample of people
with T2D (n=1149), 206 (17.9%) participants had missing
information in at least one variable. Missing data made up less
than 5% per variable for all variables (Multimedia Appendix
3). Logistic regression was run separately in the 20 imputation
data sets, resulting in combined parameter estimates. The mean
Cronbach alpha across 20 imputed datasets was alpha=.79 for
the personal control scale.
All analyses were performed by using the statistic software
SPSS (IBM SPSS version 25.0). P values <.05 were considered
to indicate statistical significance.

Results
Smartphone Ownership and Health App Use
Within the initial sample of people without known diabetes
(n=2327), the majority reported to own a smartphone
(1690/2327, 74.72%; Figure 1). Among smartphone owners,
ie, the analysis sample in this study, the mean age, after
weighting, was 43.7 (SD 15.7) years, ranging from 18 to 91
years. The proportion of women and men, after weighting, was
comparable (887/1690, 50.78% vs 860/1690, 49.22%,
JMIR Diabetes 2020 | vol. 5 | iss. 2 | e14396 | p. 4
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respectively; Table 1). Among those who owned a smartphone
(n=1690), about half of the participants (717/1690, 49.27%,
which was 36.81% of the initial sample n=2327) reported using
apps to improve health behaviors (Figure 1). Sample

Stühmann et al
characteristics of the initial sample, smartphone owners, app
users, and nonapp users without known diabetes are presented
in Table 1.

Figure 1. A Flowchart of the hierarchical sample structure for people without known diabetes and people with known type 2 diabetes. Sample sizes
(n) are given as unweighted data. Percentages are given as weighted.
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Table 1. Sample characteristics of the initial sample and of the sample of smartphone owners, app users, and nonapp users among individuals without
known diabetes. (Data are given as weighted percentage or mean [SD]. Missing data were less than 5% for all variables).
Initial sample
(n=2327)

Smartphone ownersa
(1690/2327; 74.72%b)

App usersa
Nonapp usersa
(717/1690; 49.27%) (971/1690; 50.60%)

49.62 (18.55)

43.69 (15.73)

40.78 (15.06)

46.50 (15.88)

≥65

22.57

9.79

6.08

13.43

45-64

36.68

37.76

32.71

42.53

18-44

40.76

52.45

61.22

44.05

51.68

50.78

50.49

50.94

Low

30.70

23.61

22.58

24.68

Middle

42.16

45.48

49.49

41.69

High

26.93

30.63

27.51

33.49

25.61 (4.57)

25.38 (4.50)

25.59 (4.47)

25.19 (4.52)

BMI<25

50.55

53.31

49.71

56.70

25≤BMI<30

31.52

29.59

32.00

27.33

BMI≥30

15.85

15.07

16.24

13.97

Hypertension diagnosis (%)

32.60

25.82

25.75

25.96

Physical activity ≥5 hours/week (%)

72.49

73.46

74.28

72.59

Not smoking

47.91

45.13

40.25

49.74

Former smoking

24.69

24.29

26.05

22.65

Currently smoking

27.40

30.58

33.70

27.62

22.29

21.34

21.88

20.88

Very good

24.96

28.30

33.11

23.69

Good

48.77

50.25

47.22

53.07

Moderate/poor/very poor

26.23

21.44

19.66

23.23

43.86

40.65

41.30

39.86

Almost no risk

42.00

41.37

44.92

37.86

Slight risk

39.41

40.91

39.18

42.69

Moderate risk

11.52

11.88

12.72

11.00

High risk

2.27

2.52

1.26

3.76

Health advice obtained by physician

46.75

48.30

52.20

44.46

Diabetes risk communicated by physician

6.09

5.89

5.12

6.56

Variables

Sociodemographic factors
Age (years), mean (SD)
Age (years), %

Gender, female (%)
Educational level (%)

Diabetes-related risk factors
BMI (kg/m²), mean (SD)
BMI (kg/m²; %)

Smoking (%)

Family history of diabetes (%)c
Psychological and health-related factors
Perceived health (%)

Chronic diseases (%)d
Perceived risk of getting diabetes (%)

Physician-provided information (%)

a

Sample sizes (n) are given as unweighted.

b

Percentages (%) are given as weighted.
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At least one parent or sibling was diagnosed with diabetes.

d

Any chronic disease besides diabetes.

Within the initial sample of people with known T2D (n=1149),
less than half of the participants reported owning a smartphone
(481/1149, 42.26%; Figure 1). In smartphone owners, the mean
age, after weighting, was 61.6 (SD 11.7) years, ranging from
18 to 95 years. In this sample, after weighting, 43.6% (200/481)
were female (Table 2). Among those who owned a smartphone
(n=481), 171 participants (41.1%, ie, 17.4% of the initial sample,
n=1149) used apps to improve health behaviors (Figure 2).
Sample characteristics of the initial sample, smartphone owners,
app users and nonapp users with known T2D are presented in
Table 2.

Health Behaviors Targeted by Apps
When considering single health behaviors targeted by apps
among health app users without known diabetes (n=717), the
most frequent target behaviors, after weighting, were improving
physical activity (573/717, 66.6%), healthy diet (434/717,
50.4%), and weight loss (272/717, 31.6%; Figure 2). Apps were
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used least frequently for blood pressure adjustment (82/717,
9.5%), smoking cessation (92/717, 10.7%), and medication
adherence (132/717, 15.4%). When focusing on combinations
of multiple health behaviors targeted by apps (Figure 2), regular
physical activity and healthy diet were most often reported to
be simultaneously addressed by apps (273/717, 31.7%). Among
health app users with T2D (n=171), single health behaviors
targeted by apps most often were a healthy diet (104/171, 55.3
%), regular physical activity (95/171, 50.3%), and weight loss
(81/171, 43.2%; Figure 2). App use was reported less often for
medication adherence (57/171, 30.4%), blood sugar adjustment
(54/171, 28.9%), blood pressure adjustment (40/171, 21.3%),
and smoking cessation (10/171, 5.3%). The most frequent
combination of multiple behaviors targeted by apps comprised
a healthy diet and weight loss (61/171, 32.5%; Figure 2). Very
few of the participants (20/171, 10.4%) reported using apps for
a combination of regular physical activity, a healthy diet,
medication adherence, and blood sugar adjustment.
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Table 2. Sample characteristics of the initial sample and of the sample of smartphone owners, app users, and nonapp users among individuals with
known type 2 diabetes. (Data are given as weighted percentage or mean [SD]. Missing data were less than 5% for all variables).

(481/1149; 42.26%b)

App usersa
(171/481; 41.10%)

Nonapp usersa
(310/481; 58.90%)

67.37 (12.06)

61.64 (11.73)

58.80 (13.95)

63.61 (9.43)

≥65

62.35

41.89

31.07

49.55

18-64

37.65

58.11

68.93

50.45

Gender, female (%)

50.95

43.58

51.01

38.40

Low

49.15

37.19

33.94

39.45

Middle

38.35

46.28

52.22

42.13

High

12.43

16.54

13.84

18.42

Diabetes duration (years), mean (SD)

13.78 (9.75)

11.79 (8.61)

11.12 (8.41)

12.25 (8.74)

BMI (kg/m²), mean (SD)

30.53 (5.78)

30.81 (6.11)

30.59 (6.39)

30.97 (5.92)

BMI<25

15.25

15.51

19.12

12.99

25≤BMI<30

35.61

33.25

30.18

35.40

46.78

50.15

49.70

50.47

Diabetes-related complications , at least one (%) 34.33

32.23

30.77

33.26

Comorbiditiesd, at least one (%)

31.01

24.42

20.96

26.84

Treatment with insulin (%)

45.54

41.05

46.08

37.54

Treatment with tablets (%)

69.81

75.02

76.38

74.08

Treatment with healthy diet or physical activity 73.18
(%)

78.94

83.29

75.91

Variables

Initial sample
(n=1149)

Smartphone ownersa

Sociodemographic factors
Age (years), mean (SD)
Age (years), %

Educational level (%)

Diabetes-related indicators

BMI (kg/m²; %)

BMI≥30
c

Method of blood sugar measuremente (%)
Glucose meter with blood sampling

62.12

61.35

61.78

61.05

Subcutaneous fatty tissue in addition to or
instead of a glucose meter

4.96

5.10

8.34

2.84

32.99

28.94

35.82

No use of measurements or no blood sugar 31.75
measuring in the last 7 days
Psychological and health-related factors
Perceived health (%)
Very good

6.51

8.82

8.92

8.74

Good

40.78

43.35

43.52

43.23

Moderate/poor/very poor

52.58

47.78

47.56

47.93

16.02 (2.79)

16.86 (2.67)

16.87 (2.95)

16.85 (2.47)

81.91

83.60

86.53

81.56

Personal control over diabetes, mean (SD)f
Physician-provided information
Health advice obtained by physician (%)
a

Sample sizes (n) are given as unweighted.

b

Percentages (%) are given as weighted.

c

Including kidney disease, eye disease, nervous disease, diabetic foot lesions, and amputations.

d

Including heart attack, stroke, and coronary heart disease.
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Multiple answers were eligible.

f

Possible score range: 4-20.

Figure 2. App use for single and multiple target behaviors among people without known diabetes and people with known type 2 diabetes. Frequencies
are given as weighted percentage and n. App use targeting blood sugar adjustment was assessed only in people with type 2 diabetes and thus is not
presented for people without known diabetes in the single and multiple condition.

Factors Associated With Health App Use
Logistic regression analyses among people without known
diabetes who reported to own a smartphone (n=1690) revealed
almost consistent patterns of results when comparing the ageand sex-adjusted models (model 1) with the fully adjusted model
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(model 2), except for educational level and perceived risk of
getting diabetes (Table 3). For model 2, the Hosmer and
Lemeshow test revealed a nonsignificant result (χ²8=13.8;
P=.16), indicating that the model fits the data. The area under
the ROC curve (0.68) indicated acceptable discrimination.
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Table 3. Associations with app use among people without known diabetes owning a smartphone (n=1690). Analyses were based on imputed and
weighted data. Model 1: adjusted for age and gender. Model 2: fully adjusted for all determinants. Model statistics for model 2 (values were averaged
based on 20 imputed datasets): Hosmer and Lemeshow test: χ²8=13.8; P=.16; area under the receiver operating characteristic curve=0.68.
Factors

Model 1

Model 2

Odds ratio (95% CI)

P value

Odds ratio (95% CI)

P value

≥65

—b

—

—

—

45-64

1.74 (1.21-2.50)

.003

1.76 (1.19-2.59)

.004

18-44

3.07 (2.16-4.36)

<.001

3.89 (2.62-5.78)

<.001

0.96 (0.79-1.16)

.63

1.04 (0.85-1.29)

.69

Low

—

—

—

—

Middle

1.07 (0.83-1.38)

.61

1.23 (0.94-1.61)

.13

High

0.74 (0.56-0.97)

.03

0.86 (0.64-1.15)

.30

BMI<25

—

—

—

—

25≤BMI<30

1.56 (1.24-1.96)

<.001

1.58 (1.24-2.02)

<.001

BMI≥30

1.84 (1.35-2.51)

<.001

2.07 (1.45-2.96)

<.001

1.45 (1.14-1.85)

.003

1.31 (1.01-1.70)

.045

.43

1.00 (0.79-1.28)

.97

Sociodemographic factors
Age (years)a

Gender (reference: male)a
Educational level

Diabetes-related risk factors
BMI (kg/m2)

Hypertension diagnosis (reference: no)

Physical activity (≥5 hours per week; ref- 1.10 (0.87-0.137)
erence: <5 hours)
Smoking
Not smoking

—

—

—

—

Formerly smoking

1.66 (1.30-2.12)

<.001

1.51 (1.17-1.96)

.002

Currently smoking

1.54 (1.22-1.94)

<.001

1.58 (1.24-2.01)

<.001

.19

1.29 (1.00-1.66)

.06

Family history of diabetes (reference: no) 1.17 (0.93-1.49)
Psychological and health-related factors
Perceived health
Moderate/poor/very poor

—

—

—

—

—

Good

0.91

0.70-1.18

.47

1.22 (0.90-1.64)

.20

Very good

1.28

0.96-1.71

.10

2.21 (1.55-3.16)

<.001

1.27

1.04-1.56

.02

1.48 (1.16-1.88)

.002

Almost no risk

—

—

—

—

—

Slight risk

0.85

0.68-1.06

.14

0.78 (0.62-0.99)

.04

Moderate risk

1.07

0.78-1.50

.67

0.92 (0.64-1.33)

.67

High risk

0.29

0.14-0.60

.001

0.23 (0.10-0.51)

<.001

Health advice obtained by physician (ref- 1.49
erence: no)

1.23-1.81

<.001

1.48 (1.20-1.83)

<.001

Diabetes risk communicated by physician 0.82
(reference: no)

0.54-1.23

.34

0.69 (0.43-1.11)

.13

Chronic diseases (reference: no)
Perceived risk of getting diabetes

Physician-provided information

a

The separate model was not adjusted for any other variable.
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b

Reference group.

Among people without known diabetes, results of model 2 (fully
adjusted) revealed that younger and middle-aged participants
(18-44 and 45-64 years) were more likely to use health apps
compared with older participants (≥65 years; OR 3.89; P<.001;
OR 1.76; P=.004). Sex and educational level were not
significantly associated with health app use (Table 3).
Overweight or obese participants were more likely to be health
app users compared with participants with a normal BMI (OR
1.58; P<.001; OR 2.07; P<.001). Participants who had been
diagnosed with hypertension were more likely to use apps
compared with participants who never had a hypertension
diagnosis (OR 1.31; P=.045). Current and former smokers were
more likely to use health apps compared with nonsmokers (OR
1.58; P<.001; 1.51; P=.002). Regular physical activity and
having a family history of diabetes were the only risk factors
that were not found to be significantly associated with health
app use.
All psychological and health-related factors were found to be
associated with health app use in model 2. Participants who
perceived their health as very good were more likely to use
health apps compared with participants with poorer
self-perceived health (moderate to very poor; 2.21; P<.001).
However, this difference could not be found for those who
perceived their health as good. Participants with a chronic
disease were more likely to use health apps than those without
chronic disease (OR 1.48; P=.002). Participants who perceived
themselves at a slight or high risk of getting diabetes in the next
5 years were less likely to use health apps compared with those
who perceived themselves at almost no risk (OR 0.78; P=.04;
OR 0.23; P<.001). However, this could not be observed for
participants who perceived their risk as moderate.
Considering physician-provided information factors, participants
who obtained health advice from a physician were more likely
to use health apps compared with those who received no advice
on any health behavior (OR 1.48; P<.001). A present diabetes
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risk communicated by a physician was not associated with health
app use.
Subsequent logistic regression analyses exploring potential
associations of smartphone ownership among people without
diabetes revealed similar results as found for health app use
(Multimedia Appendix 2). Remarkably, educational level and
physical activity were found to be significantly associated with
smartphone ownership, but BMI, chronic diseases, and perceived
risk of getting diabetes were not.
Among people with T2D who reported owning a smartphone
(n=481), the fully adjusted logistic regression analysis revealed
similar results compared with results based on the age- and
sex-adjusted models for each determinant (Table 4). Regarding
model 2, the Hosmer and Lemeshow test revealed a
nonsignificant result (χ²8=9.4; P=.33), indicating that the model
fits the data. The area under the ROC curve (0.69) indicated
acceptable discrimination.
In model 2 (fully adjusted), participants between 18 and 64
years of age were more likely to use apps compared with
participants who were 65 years or older (OR 1.84; P=.007).
Compared with men, women were more likely to use health
apps (OR 1.61; P=.02). Of the remaining potential determinants,
only the method of blood sugar measurement was associated
with health app use. Participants who used both a glucose meter
with blood sampling and a blood glucose sensor in the
subcutaneous fatty tissue were more likely to use health apps
compared with participants who only used a glucose meter with
blood sampling (OR 2.74; P=.04).
Results of subsequent logistic regression analyses exploring
potential associations of smartphone ownership among people
with T2D were similar compared with those found for health
app use (Multimedia Appendix 2). However, educational level,
diabetes duration, perceived health, and personal control over
diabetes were found to be significantly associated with
smartphone ownership, whereas no association was found for
the method of blood sugar measurement.
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Table 4. Associations with app use among people with type 2 diabetes owning a smartphone (n=481). Analyses were based on imputed and weighted
data. Model 1: adjusted for age and gender. Model 2: fully adjusted for all determinants. Model statistics for model 2 (values were averaged based on
20 imputed datasets). Hosmer and Lemeshow test: χ²8=9.4; P=.33; area under the receiver operating characteristic curve=0.69.
Factors

Model 1

Model 2

Odds ratio (95% CI)

P value

Odds ratio (95% CI)

P value

≥a

—c

—

—

—

18-64

2.16 (1.47-3.19)

<.001

1.84 (1.19-2.86)

.007

1.68 (1.15-2.44)

.007

1.61 (1.07-2.43)

.02

Low

—

—

—

—

Middle

1.36 (0.89-2.06)

.16

1.47 (0.95-2.21)

.09

High

0.97 (0.72-1.30)

.98

1.10 (0.63-2.01)

.75

1.00 (0.97-1.02)

.72

0.99 (0.96-1.01)

.26

BMI<25

—

—

—

—

25≤BMI<30

0.62 (0.34-1.11)

.11

0.63 (0.34-1.17)

.14

BMI≥30

0.60 (0.34-1.05)

.07

0.62 (0.34-1.12)

.11

0.98 (0.65-1.48)

.92

0.97 (0.61-1.54)

.89

0.89 (0.56-1.42)

.63

0.87 (0.53-1.43)

.59

Treatment with insulin (reference: no) 1.45 (0.98-2.14)

.06

1.53 (0.92-2.55)

.11

Treatment with tablets (reference: no)

1.05 (0.68-1.63)

.82

1.10 (0.67-1.79)

.71

Treatment with healthy diet or physical 1.56 (1.24-1.96)
activity

.07

1.58 (0.94-2.68)

.09

—

—

—

Blood glucose sensor in subcuta- 2.50 (1.00-6.24)
neous fatty tissue in addition to or
instead of a glucose meter

.05

2.74 (1.06-7.09)

.04

No use of measurements or no
blood sugar measuring in the last
7 days

0.76 (0.50-1.16)

.20

0.85 (0.52-1.38)

.50

Moderate/poor/very poor

—

—

—

—

Good

1.06 (0.71-1.58)

.78

1.01 (0.65-1.58)

.97

Very good

0.90 (0.45-1.81)

.78

1.01 (0.49-2.10)

.98

0.97 (0.90-1.04)

.40

0.98 (0.91-1.06)

.60

Sociodemographic factors
Age (years)a,b

Gender (reference: male)b
Educational level

Diabetes-related indicators
Diabetes duration (years)
BMI (kg/m2)

Diabetes-related complicationsd
At least one complication (reference: no complication)
Comorbiditiese
At least one comorbidity (reference: no comorbidity)

Method of blood sugar measurement
Glucose meter with blood sampling

—

Psychological and health-related factors
Perceived health

Personal control over diabetes
Physician-provided information
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Health advice obtained by physician
(reference: no)
a

Stühmann et al
Model 1

Model 2

Odds ratio (95% CI)

P value

Odds ratio (95% CI)

P value

1.39 (0.81-2.39)

.23

1.28 (0.72-2.28)

.40

The separate model was not adjusted for any other variable.

b

Age categories 18-44 and 45-64 years were merged because of insufficient case numbers in the age category 18-44 years across other variables.

c

Reference group.

d

Complications asked in this survey were kidney disease, eye disease, nervous disease, diabetic foot lesions, and amputations.

e

Comorbidities asked in this survey were heart attack, stroke, and coronary heart disease.

Discussion
Principal Findings
On the basis of data from a nationwide telephone survey
targeting the German adult population, about 75% of people
without known diabetes, ie, those who may be targets for
diabetes prevention interventions, owned a smartphone. Among
those, every second person used health apps. However, in people
with known T2D, ie, who could be considered potential
recipients of diabetes management interventions, about 40% of
the diabetes sample owned a smartphone. Less than 3 out of 10
smartphone owners used health apps.
In people without known diabetes, results suggested a correlation
of health app use with several determinants including age;
diabetes risk factors; and psychological and health factors such
as perceived health, chronic diseases, perceived risk, and
medical health advice. However, in people with T2D, only a
few correlates of health app use were identified including age,
sex, and method of blood sugar measurement.

Strengths and Limitations
An essential strength of this study was the underlying nationwide
survey of the German adult population covering both people
without and with diabetes. Hence, the results of this study
provided rates of smartphone ownership and updated rates of
health app use as well as behaviors targeted by apps for the
German population aged 18 years and above. However, only
people with sufficient knowledge of the German language were
eligible to participate in the survey. As a result, the survey data
were not representative for people who do not speak German
fluently, such as people with a recent history of migration.
Moreover, as the survey mode comprised telephone interviews,
a selected responsiveness to telephone calls and attendance in
the survey cannot be ruled out, although sample weights were
used to optimize representativeness. This study aimed to extend
the literature on the characterization of health app users, which
was previously addressed by only a few studies from a few
countries. A wide range of determinants related to health app
use were identified, contributing to a broader characterization
of health app users and nonapp users among the general
population without diabetes. However, the cross-sectional design
did not allow for the investigation of causal relations, which
should be investigated in subsequent research. Unfortunately,
we were not able to find a similar range of determinants related
to health app use among people with T2D. For instance, other
factors that seem to influence the usage intention of telemedicine
for diabetes management, eg, social influence or perceived ease
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of use [50], might play a more prominent role in predicting
health app use. Nevertheless, we provided initial hints on
population-based associations of actual health app use and
gender, as well as the method of blood sugar measurement, in
those with T2D. A limitation of the study is that findings may
have been subject to biases because of self-reported data.
Moreover, health app use as defined in this study, ie, using a
smartphone or apps to improve health behaviors, may have
differed from other definitions that, eg, referred to apps that
were downloaded or categorized as health apps by common app
stores. However, as this study focused on those who have
engaged in health behavior improvements by using smartphone
features or apps, our self-reported data still represent valuable
insights.

Comparison With Prior Work
Smartphone Ownership, Health App Use, and Target
Behaviors
The rate of smartphone owners among people without diabetes
found in this study (1690/2327, 74.72%) was comparable with
rates found for the German adult population (72%) in the Global
Attitudes Survey conducted in 2017 by the Pew Research Center
[51]. The proportion of health app users among people without
diabetes owning smartphones in our study (717/1690, 49.27%)
was found to be about twice as high compared with previous
surveys conducted in Germany in 2015 (age >35 years) [19],
in the United States in 2013, and in China in 2016 (age >18
years) [21,22], but lower than the one found in an US survey
conducted in 2015 (58%; sample age range 18-81 years) [20].
In our study, the proportion of health app users among people
with T2D owning a smartphone was 41.1% (171/481), whereas
it was 8% in a 2015 Australian study examining people who
reported to own suitable devices to access apps or who had
internet access and who used apps to manage their diabetes
(sample age range 30-75 years) [28].

Health Behaviors Targeted by Apps
In line with the results of this study in people without known
diabetes, prior findings of US studies revealed physical activity,
diet or food tracking, and weight to be the most frequent
behaviors targeted by apps [20,52].
Among people with T2D, the 3 most frequently reported health
behaviors targeted by health apps were the same as in people
without known diabetes. App use for blood sugar adjustment
was reported by only 28.9% (54/171) of people with T2D in
this study. In contrast, for Australia, Trawley et al [28] showed
that 69% (18/26) and 57% (21/37) of people with T2D using
JMIR Diabetes 2020 | vol. 5 | iss. 2 | e14396 | p. 13
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insulin and not using insulin, respectively, used apps for
recording their blood glucose levels. Although previous studies
investigated whether diabetes management apps incorporated
features according to the 7 self-care behaviors [53], this study
revealed complementary results from a user perspective. Results
showed that only 10.4% (20/171) of people with T2D used apps
to simultaneously target regular physical activity, healthy diet,
medication adherence, and blood sugar adjustment, all of which
are part of the 7 self-care behaviors relevant for diabetes
self-management [54].

Factors Associated With Health App Use
In people without known diabetes, the association of health app
use and age found in this study was consistent with the results
of various previous studies [19,20,22,55] contributing to the
evidence of a higher health app relevance among younger
people. Although previous studies from the United States
[20,22,55] and China [21] have shown that health app use was
associated with higher education, this study did not. This,
however, is in accordance with other recent studies from
Germany [19,23]. Concerning diabetes-related risk factors,
results suggested health app use to be associated with BMI,
smoking status, and hypertension diagnosis, but not with a
family history of diabetes. Krebs et al also found app use to be
more likely among people whose BMI are in the obese range
[20]. However, previous studies did not find health app use or
download to be associated with smoking status [19,21,55], a
history of high blood pressure or cholesterol, or having a family
member with diabetes [55]. Although physical activity was not
found to be associated with health app use in this study, previous
studies identified this association [19,21,22]. Among
psychological and health factors in people without known
diabetes, a better perceived health and having a chronic disease
were associated with a more frequent health app use, similar to
findings of prior research [19,21,22,30]. Regarding
physician-provided information, results of this study revealed
that people without diabetes who obtained health advice from
a physician were more likely to use health apps compared with
those who did not. Bender et al [55] found no association
between health app download and discussing diabetes with a
provider.
Among those with known T2D, we found health app use to be
more likely in younger people compared with older people and
in women compared with men. A recent survey from China
found age differences in app use among people with any type
of diabetes [29]. A larger proportion of female app users among
those with T2D was found in a US survey from 2012 among
the general population [52]. Other studies from Germany,
Australia, and China did not find gender differences in app use
in samples of older adults without diabetes [23], in people with
T1D [28], and in people with any type of diabetes [29].

Interpretation of the Findings and Practical
Implications
The comparatively high rates of smartphone ownership and
health app use in people without diabetes based on a nationwide
survey point toward the increasing relevance of health apps.
However, these rates were low among people with T2D. The
low rate of health app use can partly be explained by the high
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mean age of people with T2D in our study, which in turn is
related to low mobile phone ownership that may drive this effect.
Indeed, advanced age has been found to be associated with a
lower likelihood for owning a smartphone [19,22]. Moreover,
recent studies on diabetes patients found that most patients did
not use diabetes apps but were in need of a good app or
interested in trying an app [56,57]. However, not knowing that
diabetes apps exist seemed to be the main reason for not using
an app [56,57]. Other studies indicated that the usability of apps
for patients with chronic diseases, including diabetes, was not
satisfying and caused frustration in patients [58,59]. However,
diabetes seems to be an attractive field for digital health
developments with high market potential in the future [60]. To
provide all possible benefits to people with T2D, efforts to
increase patients’ awareness of health apps are needed. In
addition, developments of apps or smartphones should aim to
increase adoption of patients by improving safety, effectiveness,
interoperability with other tools, and compliance with clinical
guidelines [58].
People without known diabetes, who may be considered as a
potential target group for future diabetes prevention, and people
with known T2D, who are the focus of complication prevention
and diabetes management interventions, seem to have different
health app use patterns. This may indicate specific preferences
or needs for different health apps. Nevertheless, physical
activity, a healthy diet, and weight loss were commonly sought
app themes for both samples. In people without diabetes, health
app use is likely not driven by the aim to prevent diabetes, but
by motives related to general health improvement, illness
avoidance, fitness, or appearance [61]. This may explain our
findings of health app use being positively associated with
behavioral diabetes-related risk factors (eg, smoking, a higher
BMI, or hypertension) but being negatively associated with
perceived risk of developing diabetes. Focusing on people with
T2D who are already managing their diabetes, only 10.4%
(20/171) of them used apps to simultaneously target 4 of the 7
self-care behaviors [62]. The explanation for this low rate may
be twofold. On the one hand, the user either may just not
perform multiple self-care behaviors or may have no need for
app support to address multiple self-care behaviors. On the other
hand, there might be a lack of convenient diabetes apps that
target all self-care behaviors at once, as most diabetes
management apps target only 2 to 3 self-care behaviors [53].
Developing apps that incorporate all self-care behavior domains
may simplify and, thereby, encourage health app use for diabetes
self-management.
Although health app use seemed not to be restricted to the higher
educated in Germany, older age seemed to be an adverse factor
when it comes to health app use, regardless of T2D diagnosis.
Hence, future health interventions and health app developers
should promote and support health app use among older people
by considering age-related aspects such as age-specific design
features, intuitive proceedings, easily understood training
manuals, or presenting the clear purpose of the technology as
health improvement [32]. In contrast to age and educational
level, gender seemed to be a relevant correlate of health app
use in people with T2D but not in people without diabetes. Guo
et al [63] found that threat appraisal factors had a stronger effect
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on the attitude toward adoption of mHealth among women. As
a health threat may be more present in people with a disease
like diabetes, this gender affect may have appeared in people
with T2D. However, as gender differences for health app use
were not found in other samples with chronic diseases, including
diabetes [28,29,64], more research will be required to clarify
this point.
Our findings that people with an increased risk for diabetes,
assessed by several diabetes risk factors, were more likely to
use health apps seems promising. The increased health app use
in those with an elevated risk might reflect an increased health
consciousness [27] and the motivation to improve health
behaviors. Moreover, the results suggest that those who have
the greatest need for health behavior change and who might
benefit the most are using health apps already. A next step may
involve user’s guidance for choosing health apps, where health
apps that have proven to be effective in achieving health
improvements should be favored. Surprisingly, physical activity
was not found to be associated with health app use. Different
assessments of physical activity may explain the different
results. We assessed physical activity according to the GDRS
[39], ie, being physical active for less than 5 hours or 5 or more
hours per week, whereas other studies used a cutoff of 2.5 hours
or lower [19,22]. This indicates that the lower cutoff may be
more applicable to explain health app use.
Our findings further indicate that it may be necessary to consider
psychological factors when encouraging people to use health
apps. Among people without known diabetes, those with an
elevated perceived risk of getting diabetes were less likely to
use health apps compared with those who perceived themselves
at almost no risk. At first glance, this seems contradictive, as
most social cognitive theories assume that a perceived health
risk increases the likelihood of health-related preventive actions
[65]. However, health app use presents only one possibility of
support to improve health behaviors. Participants in this study
were not asked for alternative strategies to improve health. Thus,
those with high perceived risk might engage in health behavior
change by using other strategies than apps. Moreover, the higher
likelihood of health app use in participants with almost no
perceived risk might be explained by the risk reappraisal
hypothesis that suggests that the adoption of a preventive
behavior reduces the perceived personal risk [66]. Thus,
participants using health apps and maybe even acting preventive
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may, in turn, perceive themselves at low risk. Finally, high
perceived risk but low perceived self-efficacy may lead to
avoidance coping, which may also be linked with low app use
rates, as shown in a study on health media use [67]. However,
these hypothesizes cannot be tested in cross-sectional designs.
Thus, future research including longitudinal designs might help
to understand the association of health app use and risk
perception.
The results of this study show that encouragement from health
care providers to use health apps seems to be promising among
people without known diabetes. Participants who received
advice from a physician may have been more likely to use health
apps because physicians may have recommended apps during
health counseling. About 37% of physicians and about 40% of
diabetologists were found to recommend health or diabetes apps
[29,68]. Physicians who give advice on health behaviors may
play an important role with the opportunity to encourage health
app use among patients, but they should be supported by tools
and guidelines to recommend appropriate apps [69]. However,
as physician-communicated diabetes risk was not associated
with health app use, the specific underlying mechanisms of the
patient-provider context that promote health app use in patients
need to be better understood.

Conclusions
The data of a German population–based survey reflect that
among people without known diabetes about every third person
used health apps, whereas health apps were used by almost
every seventh person in people with known T2D. A better
understanding of the reasons that may explain this discrepancy
may be addressed by future studies. Efforts to increase health
app use in both people without and with T2D should keep in
mind potential barriers to smartphone and health app use among
older generations. Among people with T2D, in addition to age,
we found that only a few determinants seem to be associated
with health app use. Moreover, in people without known
diabetes, diabetes-related risk factors and psychological and
health factors should be considered for future target
group–specific health app development. Importantly, our
findings point out that health app use seems to be less likely
when the perceived diabetes risk is high, but physicians’ health
advice may play an important role in increasing health app use
in patients.

Acknowledgments
The survey, Disease knowledge and information needs—Diabetes mellitus (2017), is funded by the Federal Ministry of Health
(funding code: GE20160358). The authors would like to thank all participants of the Disease knowledge and information
needs—Diabetes mellitus (2017) survey. In addition, the authors acknowledge support from the German Research Foundation
and the Open Access Publication Funds of Charité—Universitätsmedizin Berlin.

Authors' Contributions
LS, RP, CH, DZ, SH, PG, and CS conceptualized the survey. LS analyzed the data and drafted the manuscript. PG supported
statistical analyzes. All authors critically reviewed and revised the manuscript for important intellectual content. All authors read
and approved the final version of the manuscript.

http://diabetes.jmir.org/2020/2/e14396/

XSL• FO
RenderX

JMIR Diabetes 2020 | vol. 5 | iss. 2 | e14396 | p. 15
(page number not for citation purposes)

JMIR DIABETES

Stühmann et al

Conflicts of Interest
None declared.

Multimedia Appendix 1
Survey questions for people without known and with diabetes.
[PDF File (Adobe PDF File), 111 KB-Multimedia Appendix 1]

Multimedia Appendix 2
Descriptive statistics and examinations comparing nonsmartphone users and smartphone users.
[PDF File (Adobe PDF File), 93 KB-Multimedia Appendix 2]

Multimedia Appendix 3
Precise information on missing values for all variables included in the study.
[PDF File (Adobe PDF File), 45 KB-Multimedia Appendix 3]

References
1.
2.

3.

4.

5.

6.

7.
8.
9.

10.
11.
12.

13.

14.
15.

Gregg EW, Sattar N, Ali MK. The changing face of diabetes complications. Lancet Diabetes Endocrinol 2016
Jun;4(6):537-547. [doi: 10.1016/S2213-8587(16)30010-9] [Medline: 27156051]
Röckl S, Brinks R, Baumert J, Paprott R, Du Y, Heidemann C, et al. All-cause mortality in adults with and without type 2
diabetes: findings from the national health monitoring in Germany. BMJ Open Diabetes Res Care 2017;5(1):e000451
[FREE Full text] [doi: 10.1136/bmjdrc-2017-000451] [Medline: 29435349]
Ulrich S, Holle R, Wacker M, Stark R, Icks A, Thorand B, et al. Cost burden of type 2 diabetes in Germany: results from
the population-based KORA studies. BMJ Open 2016 Nov 21;6(11):e012527 [FREE Full text] [doi:
10.1136/bmjopen-2016-012527] [Medline: 27872118]
Bommer C, Heesemann E, Sagalova V, Manne-Goehler J, Atun R, Bärnighausen T, et al. The global economic burden of
diabetes in adults aged 20-79 years: a cost-of-illness study. Lancet Diabetes Endocrinol 2017 Jun;5(6):423-430. [doi:
10.1016/S2213-8587(17)30097-9] [Medline: 28456416]
Cho NH, Shaw JE, Karuranga S, Huang Y, Fernandes JD, Ohlrogge AW, et al. IDF Diabetes Atlas: Global estimates of
diabetes prevalence for 2017 and projections for 2045. Diabetes Res Clin Pract 2018 Apr;138:271-281. [doi:
10.1016/j.diabres.2018.02.023] [Medline: 29496507]
Heidemann C, Du Y, Paprott R, Haftenberger M, Rathmann W, Scheidt-Nave C. Temporal changes in the prevalence of
diagnosed diabetes, undiagnosed diabetes and prediabetes: findings from the German Health Interview and Examination
Surveys in 1997-1999 and 2008-2011. Diabet Med 2016 Oct;33(10):1406-1414. [doi: 10.1111/dme.13008] [Medline:
26498983]
Chatterjee S, Khunti K, Davies MJ. Type 2 diabetes. Lancet 2017 Jun 3;389(10085):2239-2251. [doi:
10.1016/S0140-6736(17)30058-2] [Medline: 28190580]
Lascar N, Brown J, Pattison H, Barnett AH, Bailey CJ, Bellary S. Type 2 diabetes in adolescents and young adults. Lancet
Diabetes Endocrinol 2018 Jan;6(1):69-80. [doi: 10.1016/S2213-8587(17)30186-9] [Medline: 28847479]
Aguilar-Martínez A, Solé-Sedeño JM, Mancebo-Moreno G, Medina FX, Carreras-Collado R, Saigí-Rubió F. Use of mobile
phones as a tool for weight loss: a systematic review. J Telemed Telecare 2014 Sep;20(6):339-349. [doi:
10.1177/1357633X14537777] [Medline: 24875928]
Fanning J, Mullen SP, McAuley E. Increasing physical activity with mobile devices: a meta-analysis. J Med Internet Res
2012 Nov 21;14(6):e161 [FREE Full text] [doi: 10.2196/jmir.2171] [Medline: 23171838]
Lyzwinski LN. A systematic review and meta-analysis of mobile devices and weight loss with an intervention content
analysis. J Pers Med 2014 Jun 30;4(3):311-385 [FREE Full text] [doi: 10.3390/jpm4030311] [Medline: 25563356]
Block G, Azar KM, Romanelli RJ, Block TJ, Hopkins D, Carpenter HA, et al. Diabetes prevention and weight loss with a
fully automated behavioral intervention by email, web, and mobile phone: a randomized controlled trial among persons
with prediabetes. J Med Internet Res 2015 Oct 23;17(10):e240 [FREE Full text] [doi: 10.2196/jmir.4897] [Medline:
26499966]
Hou C, Carter B, Hewitt J, Francisa T, Mayor S. Do mobile phone applications improve glycemic control (HbA1c) in the
self-management of diabetes? A systematic review, meta-analysis, and grade of 14 randomized trials. Diabetes Care 2016
Nov;39(11):2089-2095. [doi: 10.2337/dc16-0346] [Medline: 27926892]
Wu X, Guo X, Zhang Z. The efficacy of mobile phone apps for lifestyle modification in diabetes: systematic review and
meta-analysis. JMIR Mhealth Uhealth 2019 Jan 15;7(1):e12297 [FREE Full text] [doi: 10.2196/12297] [Medline: 30664494]
Lutter T, Meinecke C, Tropf T, Böhm K, Esser R. Bitkom. 2017. Zukunft der Consumer Technology - 2017.
Marktentwicklung, Trends, Mediennutzung, Technologien, Geschäftsmodelle [Future of Consumer Technology - 2017.

http://diabetes.jmir.org/2020/2/e14396/

XSL• FO
RenderX

JMIR Diabetes 2020 | vol. 5 | iss. 2 | e14396 | p. 16
(page number not for citation purposes)

JMIR DIABETES

16.
17.

18.
19.

20.
21.

22.

23.

24.

25.

26.
27.

28.

29.

30.

31.

32.

33.
34.
35.

36.

Market development, trends, media usage, technologies, business models] URL: https://www.bitkom.org/sites/default/files/
file/import/170901-CT-Studie-online.pdf [accessed 2019-04-08] [WebCite Cache ID 77U20HfxS]
Sivakumaran M, Iacopino P. GSMA Intelligence. 2018. The Mobile Economy 2018 URL: https://data.gsmaintelligence.com/
research/research/research-2018/the-mobile-economy-2018 [accessed 2019-04-10] [WebCite Cache ID 77WqMLiDs]
Danilin O. Research 2 Guidance. The Digital Diabetes Care Market is Finally Ready to Take Off, Reaching US$742M in
2022 URL: https://research2guidance.com/
the-digital-diabetes-care-market-is-finally-ready-to-take-off-reaching-us742m-dollars-in-2022/ [accessed 2019-04-08]
[WebCite Cache ID 77UCvCYPW]
World Health Organization. International Classification Of Functioning, Disability And Health: ICF. Geneva: World Health
Organization; 2001.
Ernsting C, Dombrowski SU, Oedekoven M, Sullivan JL, Kanzler M, Kuhlmey A, et al. Using smartphones and health
apps to change and manage health behaviors: a population-based survey. J Med Internet Res 2017 Apr 5;19(4):e101 [FREE
Full text] [doi: 10.2196/jmir.6838] [Medline: 28381394]
Krebs P, Duncan DT. Health app use among US mobile phone owners: a national survey. JMIR Mhealth Uhealth 2015
Nov 4;3(4):e101 [FREE Full text] [doi: 10.2196/mhealth.4924] [Medline: 26537656]
Shen C, Wang MP, Chu JT, Wan A, Viswanath K, Chan SS, et al. Health app possession among smartphone or tablet
owners in Hong Kong: population-based survey. JMIR Mhealth Uhealth 2017 Jun 5;5(6):e77 [FREE Full text] [doi:
10.2196/mhealth.7628] [Medline: 28583905]
Carroll JK, Moorhead A, Bond R, LeBlanc WG, Petrella RJ, Fiscella K. Who uses mobile phone health apps and does use
matter? A secondary data analytics approach. J Med Internet Res 2017 Apr 19;19(4):e125 [FREE Full text] [doi:
10.2196/jmir.5604] [Medline: 28428170]
Rasche P, Wille M, Bröhl C, Theis S, Schäfer K, Knobe M, et al. Prevalence of health app use among older adults in
Germany: national survey. JMIR Mhealth Uhealth 2018 Jan 23;6(1):e26 [FREE Full text] [doi: 10.2196/mhealth.8619]
[Medline: 29362211]
Heidemann C, Paprott R, Stühmann LM, Baumert J, Mühlenbruch K, Hansen S, et al. Perceived diabetes risk and related
determinants in individuals with high actual diabetes risk: results from a nationwide population-based survey. BMJ Open
Diabetes Res Care 2019;7(1):e000680 [FREE Full text] [doi: 10.1136/bmjdrc-2019-000680] [Medline: 31297223]
Okosun IS, Davis-Smith M, Seale JP. Awareness of diabetes risks is associated with healthy lifestyle behavior in diabetes
free American adults: evidence from a nationally representative sample. Prim Care Diabetes 2012 Jul;6(2):87-94. [doi:
10.1016/j.pcd.2011.12.005] [Medline: 22261413]
Loureiro ML, Nayga Jr RM. Physician's advice affects adoption of desirable dietary behaviors. Appl Econ Perspect Policy
2007;29(2):318-330. [doi: 10.1111/j.1467-9353.2007.00345.x]
Cho J, Park D, Lee HE. Cognitive factors of using health apps: systematic analysis of relationships among health
consciousness, health information orientation, eHealth literacy, and health app use efficacy. J Med Internet Res 2014 May
9;16(5):e125 [FREE Full text] [doi: 10.2196/jmir.3283] [Medline: 24824062]
Trawley S, Baptista S, Browne JL, Pouwer F, Speight J. The use of mobile applications among adults with type 1 and type
2 diabetes: Results from the Second MILES-Australia (MILES-2) Study. Diabetes Technol Ther 2017 Dec;19(12):730-738.
[doi: 10.1089/dia.2017.0235] [Medline: 29028442]
Zhang Y, Li X, Luo S, Liu C, Xie Y, Guo J, et al. Use, perspectives, and attitudes regarding diabetes management mobile
apps among diabetes patients and diabetologists in China: national web-based survey. JMIR Mhealth Uhealth 2019 Feb
8;7(2):e12658 [FREE Full text] [doi: 10.2196/12658] [Medline: 30735147]
Robbins R, Krebs P, Jagannathan R, Jean-Louis G, Duncan DT. Health app use among US mobile phone users: analysis
of trends by chronic disease status. JMIR Mhealth Uhealth 2017 Dec 19;5(12):e197 [FREE Full text] [doi:
10.2196/mhealth.7832] [Medline: 29258981]
Jamal A, Khan SA, AlHumud A, Al-Duhyyim A, Alrashed M, Shabr FB, et al. Association of online health
information-seeking behavior and self-care activities among type 2 diabetic patients in Saudi Arabia. J Med Internet Res
2015 Aug 12;17(8):e196 [FREE Full text] [doi: 10.2196/jmir.4312] [Medline: 26268425]
Kuerbis A, Mulliken A, Muench F, A. Moore A, Gardner D. Older adults and mobile technology: Factors that enhance and
inhibit utilization in the context of behavioral health. Ment Health Addict Res 2017;2(2):1-11. [doi:
10.15761/MHAR.1000136]
Mc Sharry J, Moss-Morris R, Kendrick T. Illness perceptions and glycaemic control in diabetes: a systematic review with
meta-analysis. Diabet Med 2011 Nov;28(11):1300-1310. [doi: 10.1111/j.1464-5491.2011.03298.x] [Medline: 21418098]
Paprott R, Heidemann C, Stühmann L, 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(S3):22-60. [doi: 10.17886/RKI-GBE-2018-064]
Koller M, Aaronson NK, Blazeby J, Bottomley A, Dewolf L, Fayers P, EORTC Quality of Life Group. Translation procedures
for standardised quality of life questionnaires: The European Organisation for Research and Treatment of Cancer (EORTC)
approach. Eur J Cancer 2007 Aug;43(12):1810-1820. [doi: 10.1016/j.ejca.2007.05.029] [Medline: 17689070]
Schmich P, Lemcke J, Zeisler M, Müller A, Allen J, Wetzstein M. Ad hoc surveys at the Robert Koch Institute. J Health
Monitor 2018;3(3):70-80. [doi: 10.17886/RKI-GBE-2018-088]

http://diabetes.jmir.org/2020/2/e14396/

XSL• FO
RenderX

Stühmann et al

JMIR Diabetes 2020 | vol. 5 | iss. 2 | e14396 | p. 17
(page number not for citation purposes)

JMIR DIABETES
37.

38.
39.

40.

41.
42.
43.
44.

45.

46.
47.
48.
49.

50.
51.

52.

53.
54.
55.

56.

57.
58.
59.

von Elm E, Altman DG, Egger M, Pocock SJ, Gøtzsche PC, Vandenbroucke JP, STROBE Initiative. The Strengthening
the Reporting of Observational Studies in Epidemiology (STROBE) statement: guidelines for reporting observational
studies. Lancet 2007 Oct 20;370(9596):1453-1457. [doi: 10.1016/S0140-6736(07)61602-X] [Medline: 18064739]
Brauns H, Scherer S, Steinmann S. The CASMIN educational classification in international comparative research. In:
Hoffmeyer-Zlotnik JH, Wolf C, editors. Advances in Cross-National Comparison. Boston, MA: Springer; 2003:221-244.
Mühlenbruch K, Joost HG, Boeing H, Schulze MB. Risk prediction for type 2 diabetes in the German population with the
updated German Diabetes Risk Score (GDRS). Ernährungs Umschau 2014;61(6):90-93 [FREE Full text] [doi:
10.4455/eu.2014.018]
Paprott R, Mühlenbruch K, Mensink GB, Thiele S, Schulze MB, Scheidt-Nave C, et al. Validation of the German Diabetes
Risk Score among the general adult population: findings from the German Health Interview and Examination Surveys.
BMJ Open Diabetes Res Care 2016;4(1):e000280 [FREE Full text] [doi: 10.1136/bmjdrc-2016-000280] [Medline: 27933187]
World Health Organization. 2018. Obesity and Overweight URL: https://www.who.int/en/news-room/fact-sheets/detail/
obesity-and-overweight [accessed 2019-04-08] [WebCite Cache ID 77ULuz7bx]
Cox B, van Oyen H, Cambois E, Jagger C, le Roy S, Robine J, et al. The reliability of the Minimum European Health
Module. Int J Public Health 2009;54(2):55-60. [doi: 10.1007/s00038-009-7104-y] [Medline: 19183846]
Kim C, McEwen LN, Piette JD, Goewey J, Ferrara A, Walker EA. Risk perception for diabetes among women with histories
of gestational diabetes mellitus. Diabetes Care 2007 Sep;30(9):2281-2286. [doi: 10.2337/dc07-0618] [Medline: 17575087]
Scheidt-Nave C, Kamtsiuris P, Gößwald A, Hölling H, Lange M, Busch MA, et al. German health interview and examination
survey for adults (DEGS) - design, objectives and implementation of the first data collection wave. BMC Public Health
2012 Sep 1;12:730 [FREE Full text] [doi: 10.1186/1471-2458-12-730] [Medline: 22938722]
Robert Koch-Institut. Fragebogen zur Studie 'Gesundheit in Deutschland aktuell': GEDA 2014/2015-EHIS [Questionnaire
for the study 'German Health Update': GEDA 2014/2015-EHIS]. J Health Monitor 2017;2(1):105-135. [doi:
10.17886/RKI-GBE-2017-014]
Moss-Morris R, Weinman J, Petrie K, Horne R, Cameron L, Buick D. The Revised Illness Perception Questionnaire (IPQ-R).
Psychol Health 2002;17(1):1-16. [doi: 10.1080/08870440290001494]
The Illness Perception Questionnaire. Krankheitsannahmen (The Illness Perception Questionnaire - R) [Disease Assumptions]
URL: https://www.uib.no/ipq/pdf/IPQ-R-German.pdf [accessed 2019-04-10] [WebCite Cache ID 77Wm5u5KD]
Hosmer DW, Lemeshow S. Applied Logistic Regression. New York: John Wiley & Sons; 2000.
Urban D, Mayerl J, Wahl A. Regressionsanalyse bei fehlenden Variablenwerten (missing values): Imputation oder
Nicht-Imputation?: eine Anleitung für die Regressionspraxis mit SPSS [Regression analysis when variables have missing
values: imputation or no imputation?: a guide for practical regression analysis with SPSS. SISS: Schriftenreihe des Instituts
für Sozialwissenschaften der Universität Stuttgart 2016;44 doi: 10.18419/opus-9112 [FREE Full text] [doi:
10.18419/opus-9112]
Rho MJ, Kim HS, Chung K, Choi IY. Factors influencing the acceptance of telemedicine for diabetes management. Cluster
Comput 2015;18(1):321-331. [doi: 10.1007/s10586-014-0356-1]
Jacob P, Caldwell B, Chwe H. Pew Research Center. 2018 Jun 19. Social Media Use Continues To Rise in Developing
Countries but Plateaus Across Developed Ones URL: https://www.pewglobal.org/wp-content/uploads/sites/2/2018/06/
Pew-Research-Center-Global-Tech-Social-Media-Use-2018.06.19.pdf [accessed 2019-04-10] [WebCite Cache ID
77Wn6UgwG]
Fox S, Duggan M. Pew Research Center. 2012 Nov 8. Mobile Health 2012 URL: https://www.pewinternet.org/wp-content/
uploads/sites/9/media/Files/Reports/2012/PIP_MobileHealth2012_FINAL.pdf [accessed 2019-04-10] [WebCite Cache ID
77WoU17i1]
Chavez S, Fedele D, Guo Y, Bernier A, Smith M, Warnick J, et al. Mobile apps for the management of diabetes. Diabetes
Care 2017 Oct;40(10):e145-e146 [FREE Full text] [doi: 10.2337/dc17-0853] [Medline: 28774944]
Powers MA, Bardsley J, Cypress M, Duker P, Funnell MM, Fischl AH, et al. Diabetes self-management education and
support in type 2 diabetes. Diabetes Educ 2017 Feb;43(1):40-53. [doi: 10.1177/0145721716689694] [Medline: 28118121]
Bender MS, Choi J, Arai S, Paul SM, Gonzalez P, Fukuoka Y. Digital technology ownership, usage, and factors predicting
downloading health apps among caucasian, filipino, korean, and latino americans: the digital link to health survey. JMIR
Mhealth Uhealth 2014 Oct 22;2(4):e43 [FREE Full text] [doi: 10.2196/mhealth.3710] [Medline: 25339246]
Boyle L, Grainger R, Hall RM, Krebs JD. Use of and beliefs about mobile phone apps for diabetes self-management:
surveys of people in a hospital diabetes clinic and diabetes health professionals in New Zealand. JMIR Mhealth Uhealth
2017 Jun 30;5(6):e85 [FREE Full text] [doi: 10.2196/mhealth.7263] [Medline: 28666975]
Zheng Y, Ley SH, Hu FB. Global aetiology and epidemiology of type 2 diabetes mellitus and its complications. Nat Rev
Endocrinol 2018 Feb;14(2):88-98. [doi: 10.1038/nrendo.2017.151] [Medline: 29219149]
Klonoff DC, Kerr D. Overcoming barriers to adoption of digital health tools for diabetes. J Diabetes Sci Technol 2018
Jan;12(1):3-6 [FREE Full text] [doi: 10.1177/1932296817732459] [Medline: 28969460]
Sarkar U, Gourley GI, Lyles CR, Tieu L, Clarity C, Newmark L, et al. Usability of commercially available mobile applications
for diverse patients. J Gen Intern Med 2016 Dec;31(12):1417-1426 [FREE Full text] [doi: 10.1007/s11606-016-3771-6]
[Medline: 27418347]

http://diabetes.jmir.org/2020/2/e14396/

XSL• FO
RenderX

Stühmann et al

JMIR Diabetes 2020 | vol. 5 | iss. 2 | e14396 | p. 18
(page number not for citation purposes)

JMIR DIABETES
60.

61.
62.
63.

64.

65.
66.
67.
68.
69.

Stühmann et al

Research 2 Guidance. mHealth Economics 2017 – Current Status and Future Trends in Mobile Health URL: https:/
/research2guidance.com/product/mhealth-economics-2017-current-status-and-future-trends-in-mobile-health/ [accessed
2019-04-15] [WebCite Cache ID 77eX05Oas]
Henley N, Donovan RJ. Identifying appropriate motivations to encourage people to adopt healthy nutrition and physical
activity behaviours. J Res Consum 2002;4:1-22 [FREE Full text]
AADE. AADE7 Self-Care Behaviors. Diabetes Educ 2008;34(3):445-449. [doi: 10.1177/0145721708316625] [Medline:
18535317]
Guo X, Han X, Zhang X, Dang Y, Chen C. Investigating m-Health acceptance from a protection motivation theory
perspective: gender and age differences. Telemed J E Health 2015 Aug;21(8):661-669. [doi: 10.1089/tmj.2014.0166]
[Medline: 25919800]
Dobson KG, Hall P. A pilot study examining patient attitudes and intentions to adopt assistive technologies into type 2
diabetes self-management. J Diabetes Sci Technol 2015 Mar;9(2):309-315 [FREE Full text] [doi: 10.1177/1932296814560395]
[Medline: 25427965]
Weinstein ND, Rothman AJ, Nicolich M. Use of correlational data to examine the effects of risk perceptions on precautionary
behavior. Psychol Health 1998;13(3):479-501. [doi: 10.1080/08870449808407305]
Brewer NT, Weinstein ND, Cuite CL, Herrington JE. Risk perceptions and their relation to risk behavior. Ann Behav Med
2004 Apr;27(2):125-130. [doi: 10.1207/s15324796abm2702_7] [Medline: 15026296]
Rimal RN. Perceived risk and self-efficacy as motivators: Understanding individuals' long-term use of health information.
J Commun 2001;51(4):633-654. [doi: 10.1111/j.1460-2466.2001.tb02900.x]
Zhang Y, Koch S. Mobile health apps in Sweden: what do physicians recommend? Stud Health Technol Inform
2015;210:793-797. [Medline: 25991263]
Hale K, Capra S, Bauer J. A framework to assist health professionals in recommending high-quality apps for supporting
chronic disease self-management: illustrative assessment of type 2 diabetes apps. JMIR Mhealth Uhealth 2015 Sep 14;3(3):e87
[FREE Full text] [doi: 10.2196/mhealth.4532] [Medline: 26369346]

Abbreviations
DEGS1: German Health Interview and Examination Survey for Adults
eHealth: electronic health
FCS: fully conditional specification
GDRS: German Diabetes Risk Score
IPQ-R: Revised Illness Perception Questionnaire
mHealth: mobile health
RKI: Robert Koch Institute
ROC: receiver operating characteristic
T1D: type 1 diabetes
T2D: type 2 diabetes

Edited by C Richardson; submitted 15.04.19; peer-reviewed by E Sezgin, X Li, J Hewitt, D Chao, R Sun, MS Aslam, M Shubair;
comments to author 23.06.19; revised version received 17.11.19; accepted 05.02.20; published 20.05.20
Please cite as:
Stühmann LM, Paprott R, Heidemann C, Baumert J, Hansen S, Zahn D, Scheidt-Nave C, Gellert P
Health App Use and Its Correlates Among Individuals With and Without Type 2 Diabetes: Nationwide Population-Based Survey
JMIR Diabetes 2020;5(2):e14396
URL: http://diabetes.jmir.org/2020/2/e14396/
doi: 10.2196/14396
PMID:

©Lena M Stühmann, Rebecca Paprott, Christin Heidemann, Jens Baumert, Sylvia Hansen, Daniela Zahn, Christa Scheidt-Nave,
Paul Gellert. Originally published in JMIR Diabetes (http://diabetes.jmir.org), 20.05.2020. This is an open-access article distributed
under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits
unrestricted use, distribution, and reproduction in any medium, provided the original work, first published in JMIR Diabetes, is
properly cited. The complete bibliographic information, a link to the original publication on http://diabetes.jmir.org/, as well as
this copyright and license information must be included.

http://diabetes.jmir.org/2020/2/e14396/

XSL• FO
RenderX

JMIR Diabetes 2020 | vol. 5 | iss. 2 | e14396 | p. 19
(page number not for citation purposes)

