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Abstract
Purpose Diabetes is considered one of the fastest growing diseases worldwide. Especially in the treatment of type 2 diabe-
tes, lifestyle interventions have proven to be effective. However, long-term studies in real-world contexts are rare, which is 
why further research is needed. The aim of the present study is to investigate whether effects achieved in the context of a 
long-term lifestyle intervention can be sustained by patients in the long term.
Methods In a two-arm randomized trial we compared diabetes care as usual to a lifestyle intervention combining telemedi-
cally support and individual needs-based telephone coaching. The study included 151 patients with type 2 diabetes random-
ized to either the intervention or control group. Intervention Group (IG; N = 86, 80.2% male, mean age: 59.7) received 
telemedical devices and telephone coaching over a period of 12 months, Control Group (CG; N = 65, 83.1% male, mean age: 
58,8) received care as usual. The primary outcome was chance in HbA1c. A follow-up survey was conducted after 24 months.
Results The intervention group showed significantly better HbA1c- values compared to the control group at both 12 and 24 
months (12 M: − 0.52 (-0.73; − 0.32), p < .000; 24 M: − 0.38 (-0.61; − 0.15), p = .001). The strongest change was seen in the 
first three months, with the best value obtained at 6 months and stable thereafter.
Conclusion Combined telephone coaching with telemedicine support could lead to better long-term glycemic control in 
people with type 2 diabetes. In the future, more long-term studies should be conducted in real-world settings and lifestyle 
interventions should be offered more widely.
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List of abbreviations
ADA  American Diabetes Association
AR1  Auto-regressive first order
BMI  Body mass index
CG  Control group
DM  Diabetes Mellitus
EASD  European Association for the Study of Diabetes
IDF  International Diabetes Federation
IG  Intervention group
ILI  Intensive lifestyle interventions
ITT  Intention-to-Treat
MCAR  Missing completely at random
P  Period
SD  Standard deviation
T2DM  Type 2 Diabetes

Introduction

Diabetes mellitus (DM) is one of the fastest-growing health 
problems of the 21st century [1–4]. The International Dia-
betes Federation (IDF) estimates that DM currently affects 
approximately 537 million people worldwide between the 
ages of 20 and 79, representing about 10.5% f the world’s 
population in this age group. It is expected that up to 
783 million people will be affected by 2045 [4].

For Germany, the IDF reports 9.5 million affected people 
in 2019, which is well above the national estimates and a 
25% increase compared to 2017. New prognoses for Ger-
many expect an increase of another 3.6 million people by 
2040 [5]. Research on diabetes therapy is hence becom-
ing increasingly relevant in Germany, as can be seen, for 
example, from the establishment of a national diabetes sur-
veillance system in 2015, funded by the Federal Ministry of 
Health [6, 7, 8].

In particular, type 2 diabetes (T2DM), which accounts 
for 90–95% of all diabetes cases in Germany [6], is a disease 
with high relevance for public health – first due to its preva-
lence [1, 9–11], second because the major risk factors are 
potentially preventable [12–15], and last because diabetes 
is often associated with medical complications and comor-
bidities. In addition to the direct health burden on those who 
are suffering from the disease, T2DM also places a major 
financial burden on the health care system, both direct (e.g., 
treatment costs, secondary diseases) and indirect (e.g., loss 
of working hours, etc.) [16–19].

Early detection and treatment are important to prevent 
sequelae and to treat the disease effectively [20]. Lifestyle 
interventions, which may include improved self-man-
agement, nutritional training, improved physical activity, 
weight reduction, smoking cessation, and psychosocial 
counselling, are key elements of treatment [21–28]. This is 

also reflected in various national and international guide-
lines that consider lifestyle interventions as basic therapy 
[25–27]. Despite the clear evidence that this is a benefi-
cial approach, only about 10% of DM patients in Germany 
receive these types of treatments in addition to medication 
[29].

Often, lifestyle interventions are limited by various 
resources such as time, physical distance, or lack of staff 
capacity that prevent widespread use. Mobile technologies 
can help create more flexible and cost-effective options in 
this regard [19, 30–32]. Several reviews and meta-analyses 
have shown that digitally assisted interventions achieve 
comparable outcomes to traditional lifestyle interventions 
[33–35].

While the overall benefits of lifestyle interventions for 
DM are well documented, there are still too few studies that 
include long-term effects (> 6 months) and subsequent treat-
ment adherence [30, 33, 36–38]. The present study evaluates 
a telemedically supported lifestyle intervention initiative.
diabetes, which is offered by a private health insurance 
company in Germany. The duration of the initiative.diabe-
tes programme is 12 months, with an additional follow-up 
survey after 24 months to assess the continuation of the 
effects in everyday life. Outcomes were assessed at 3, 6, 12, 
and 24 months. An initial interim evaluation after 3 months 
already showed some positive trends [39]. The objectives of 
the present study were to investigate the long-term effects of 
the initiative.diabetes programme and the long-term mainte-
nance of these effects after 12 and 24 months.

Participants and methods

Study design

This study is a two-arm, randomised, prospective study in 
cooperation with a private German health insurance com-
pany (formerly: Central Krankenversicherung AG; since 
2020: Generali Deutschland Krankenversicherung AG), 
which offers a telemedically supported lifestyle programme 
called initiative.diabetes (described in the next section). As 
part of the study, the intervention group participated in this 
programme for 12 months, while the control group received 
only the usual care. In the one-year follow-up phase, both 
groups received only the usual care. Usual Care means stan-
dard treatment by the general practitioner oriented on the 
Clinical Practice Guidelines [15] of the German Diabetes 
Society (DDG) together with the German Society for Inter-
nal Medicine (DGIM), which is based on the National Treat-
ment Guideline (NVL) “Type 2 Diabetes” [40]. The detailed 
treatment was not assessed and may include the entire treat-
ment spectrum depending on treatment preferences of the 
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patient and the physician. Using questionnaires, we only 
excluded participation in another health care program.

The analysis of the data was blinded. The study took 
place from March 2017 to July 2020 and has been approved 
by the Ethics Committee of the Medical Faculty of the Uni-
versity of Cologne (Project ID: 17–021) and registered with 
the German Clinical Trials Registry (DRKS00013737).

Recruitment of participants

Recruitment took place throughout Germany from March to 
May 2017. All of the 315,000 insured members of Central 
Krankenversicherung AG were screened for inclusion crite-
ria and randomised, into either an intervention group (IG) 
or a control group (CG) in a ratio of approximately 1.5:1. 
The unequal weighting was chosen because the randomisa-
tion took place before making contact, based on the assump-
tion that the rate of acceptances in the control group would 
be higher and thus both groups would be as equal in size 
as possible. The inclusion criteria were met by individuals 
aged between 40 and 67 who were diagnosed with diabetes 
mellitus type 2 according to the official diagnosis criteria 
of T2DM (ICD-10 code E11). People who did not speak 
the German language, pregnant women, people undergo-
ing cancer treatment or suffering from other life-threatening 
diseases, people with cognitive or mobility impairments, 
and people in need of long-term care were excluded. The 
patients’ medical histories were verified via the insurance 
data. A total of 2,441 people met the inclusion criteria.

After randomisation, all potential participants were con-
tacted by mail in three consecutive waves at intervals of 
three to five months (May 2017 to January 2018) to request 
enrollment in the study. 298 persons initially agreed to par-
ticipate. All participants were informed about the collection 
and processing of their data for study purposes and consented 
to it. Afterwards, they received the baseline questionnaire. 
Individuals assigned to the intervention group also received 
a personal online code to register for the programme ini-
tiative.diabetes. In total, 191 people answered the baseline 
questionnaire and 151 of them could be included in the 
intention-to-treat population of the study.

Programme initiative.diabetes

The programme initiative.diabetes is a structured lifestyle 
intervention that combines telemonitoring with individual 
and needs-based telephone coaching by health specialists or 
diabetes coaches. The programme runs over a period of 12 
months.

Initially, all participants in the programme received a 
tablet PC, a pedometer, and a blood glucose meter for tele-
monitoring. All devices are connected via Bluetooth, which 

automatically transfers the data from the glucometer and 
pedometer to the tablet computer. This data is also avail-
able to the diabetes coach, who supervises the patient over 
a period of one year. The devices serve both as a motivation 
and as a continuous feedback instrument for the patients. 
By visualising real-time data, the devices help participants 
understand the direct impact of their health behaviour on 
their blood glucose levels [41].

The individual and needs-based telephone coaching is 
based on Prochaska’s transtheoretical model and is divided 
into different stages [42–44]. The focus of the initial consul-
tation is on establishing an empathic relationship between 
the patient and the coach. In addition, key problems are 
identified and initial agreements on individual approaches 
are made. An individual HbA1C target is agreed upon 
between each patient and coach. This is followed by a six-
month intensive coaching phase with at least one phone call 
per month and a six-month stabilisation phase with coach-
ing sessions every 6 to 12 weeks. Depending on individ-
ual needs, the frequency can be increased in both phases. 
Coaching includes several modules that address key T2DM 
issues, such as nutrition, physical activity, self-monitoring, 
medication, emergency management, clinical management, 
and stress management. The focus in all modules is on the 
development of individual routines adapted to personal daily 
life and their long-term establishment. The data transmit-
ted daily from the pedometer and the blood glucose meter 
serve as a basis for feedback and to increase self-control 
and self-management. During the study, patients continued 
to be treated by their physicians, as initiative.diabetes is not 
a substitute for the usual medical care, but supports it.

Data collection and measurements

The data collection phase of the study ran from May 2017 
to July 2020 in several waves and contains a total of five 
measurement time points: The baseline measurement (T0), 
two interim measurements at 3 months (T1) and 6 months 
(T2), the final measurement at the end of the intervention at 
12 months (T3), and a follow-up measurement at 24 months 
(T4).

Data collection was conducted through a variety of chan-
nels. On the one hand, various data and questionnaires 
were collected via online questionnaires, which were done 
through patient self-report. In addition, data were col-
lected via the health care provider of the telephone coach-
ing and via the company controlling of the health insurance 
company.

Baseline characteristics including demographic data, 
medication, health history, comorbidities as well as medi-
cal parameters were determined by the use of a question-
naire as well as through the patient data provided by the 
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Data analysis

The main analysis of primary and secondary outcomes was 
performed according to the intention-to-treat (ITT) princi-
ple using SPSS Version 26/28. For the ITT population, all 
randomised participants who answered the baseline ques-
tionnaire and submitted HbA1c values at T0 were included. 
Missing data were not replaced by imputations but handled 
indirectly using mixed models that provide valid statis-
tical inference due to the “missing completely at random 
(MCAR)” assumption [49].

To represent baseline characteristics, mean values and 
standard deviations of the study participants were calcu-
lated for baseline. The presence of group differences at 
baseline was assessed via the Fisher exact test (dichotomous 
variables) or the Pearson X² test and the t-test (continuous 
variables).

Repeated measures linear mixed models were used for 
HbA1c Values and BMI separately using random intercept 
and fixed effects for the group (two levels), time (five lev-
els), the interaction between both and the value at the out-
come at baseline as covariate. Other covariates (e.g., age 
and gender) did not lead to model improvements and were 
therefore not included in the final model. A covariance 
structure based on autoregressive first order (AR1) could be 
selected for each model. The significance level was set to 
0.05. Sensitivity analysis included non-responder imputa-
tion of missing data (baseline observation carried forward) 
and a per-protocol analysis of data. The per-protocol popu-
lation was defined by finishing the complete 12 months of 
intervention regardless of missing intermediate values after 
3 or 6 months, or lost to follow-ups after 24 months. We 
also determined how many individuals achieved the ADA-
recommended criteria for both parameters during the course 
of the study.

For the analysis of physician contacts and medication 
costs, a small number of participants (N = 7) had to be 
excluded because, although they completed the study, they 
left the insurance company during the course of the study 
and thus their economic data could no longer be viewed. 
The available data did not show any missing values and 
were analysed using ANOVA with repeated measures and 
the group as a between-subjects factor.

The analysis of physical activity was divided into two 
parts. For both groups, we evaluated three questions from 
the questionnaire using unpaired T-tests for between-group 
differences. Furthermore, in a subgroup analysis, physical 
activity in the intervention group was additionally evalu-
ated using an analysis of daily steps recorded during the 
12-month intervention. Unfortunately, during the interven-
tion, the transmission of step numbers from the participants 
decreased continuously, but at least 54% of participants 

insurance company. The definition of comorbidities follows 
the CoDim study [17, 45].

The HbA1c levels were recorded by the patients’ physi-
cians and served as primary outcomes in this study. The 
HbA1c value describes the mean blood glucose concentra-
tion of the last two to three months and is considered to be 
one of the gold standards [46–48].

Secondary outcomes are body mass index (BMI), physi-
cian contacts, costs for antidiabetics, physical activity and 
use of technology. Body mass index was calculated using 
height and weight (weight in kg/(height in m)²). Height 
and weight were recorded by the telephone coach for the 
intervention group and by questionnaire for the control 
group. During the follow-up survey, height and weight were 
recorded by questionnaire for both groups.

The number of physician contacts and the costs for anti-
diabetic drugs were determined by the controlling depart-
ment of the health insurance company. In contrast to the 
parameters HbA1c and BMI, which were each recorded at 
specific points in time and represent a snapshot, periods (P) 
of one year each were recorded for these parameters. These 
represent the year before the intervention (P0), the year dur-
ing the intervention (P1), and the year after the intervention 
(P2). For the determination of drug costs, the costs for oral 
antidiabetic drugs and insulin were combined.

Physical activity was assessed via three items of the 
questionnaires, not using a validated physical activity scale:

1. On average, how many hours a day are you physically 
active? This includes activities that require moderate 
exertion and lead to a slight increase in breathing and 
pulse rate, such as going for a walk. Think about an 
average week.

2. On how many days in an ordinary week do you walk or 
ride a bicycle to get from one place to another, with a 
duration of at least ten minutes?

3. On an ordinary day, how much time do you invest in 
walking or bicycling from one place to another? (Indi-
cate in minutes.)

For the intervention group, the number of steps per day was 
recorded using a pedometer at 12 months of intervention, 
but not afterwards.

Technology use was assessed in different ways at differ-
ent points in time. At baseline, technology commitment was 
assessed using a validated scale; during the intervention, 
technology acceptance was assessed using a scale devel-
oped from a previous study and based on the technology 
acceptance model; and after the intervention, continued use 
of health-related technologies was assessed descriptively.
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Results

Baseline

151 persons who answered the baseline questionnaire and 
submitted an HbA1c value at baseline were included in the 
study (Fig. 1), divided into the intervention group (IG; n = 86 
people, 80.2% male, average age 59.7 years) and the control 
group (CG; n = 65 people, 83.1% male, average age 58.8 
years). As presented in Table 1, most participants were men 
(n = 123, 81. 45%). The primary outcome HbA1c at baseline 
was 6.9% (SD 0.9) for the IG and 6.8% (SD 1.0) for the CG. 

(N = 47) from the IG submitted the number of daily steps 
for at least 9 out of the 12 months of intervention. Therefore, 
an evaluation with only these participants, and a second pre-
sentation with all existing cases and therefore with different 
N-numbers per month, were provided.

The surveys on technology use were evaluated 
descriptively.

Table 1 Baseline characteristics
n Interven-

tion Group
n Con-

trol 
Group

Demographic Variables
Age at study start (years) M 

(SD)
86 59.66 

(6.24)
65 58.80 

(7.33)
Gender (male) N (%) 86 69 (80.2) 65 54 

(83.1)
Higher education (Univer-
sity degree)

N (%) 86 15 (17.4) 65 18 
(27.7)

Higher income (> €5,000/
month)

N (%) 59 11 (18.6) 53 15 
(28.3)

Antidiabetic Medications
Oral medication only N (%) 86 54 (62.8) 65 43 

(66.2)
Insulin only N (%) 86 0 (0) 65 2 

(3.1)
Both (oral and insulin) N (%) 86 11 (12.8) 65 13 

(20.0)
Health History
Duration of diabetes (years 
since diagnosis)

M 
(SD)

84 6.29 (3.83) 65 6.91 
(3.86)

Age at diagnosis M 
(SD)

84 53.12 
(7.09)

65 51.46 
(7.22)

Multimorbidity (> 3 chronic 
diseases)

N (%) 86 84 (97.7) 65 64 
(98.5)

Diabetes-related 
comorbidities

M 
(SD)

86 3.17 (1.96) 65 3.23 
(1.99)

Health indicators
Glycaemic control (HbA1c) M 

(SD)
86 6.94 (0.94) 65 6.83 

(0.97)
BMI (kg/m²) M 

(SD)
86 31.08 

(7.05)
65 29.48 

(4.53)
Physician contacts (in the 
year before the study)

M 
(SD)

72 10.78 
(6.86)

61 11.61 
(6.43)

Physical Activity
> 3 h of moderate physical 
activity per day

N (%) 86 37 (43.1) 65 21 
(32.3)

Data are mean ± standard deviation (SD) values or numbers (%) as 
indicated; *P < .05 (using Fisher Exact Test for categorical variables 
and X² test and T-test for continuous variables, no significant differ-
ences found); BMI, body mass index; HbA1c, glycated haemoglobinFig. 1 Consort Flow Chart
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24 M: 0.750 (0.389; 1.112), p < .000), which is not the case 
for the control group (Fig. 2).

There is also a significantly higher success rate as mea-
sured by target achievement of ADA recommendations for 
HbA1c levels in the intervention group, which is significantly 
different from the control group at both 12 and 24 months. 
However, this success does not hold true for BMI (Table 3).

Physician contacts and antidiabetic costs

A repeated-measures analysis of variance (assumed sphe-
ricity: Mauchly-W [2] = 0.992, p = .552) showed no signifi-
cant main effect of time, but a significant interaction effect 
between time and group on the number of physician con-
tacts (F(2,284) = 5.380, p = .005, ηp2 = 0.037). The effect 
size F according to Cohen (1988) is 0.196 and corresponds 
to a small effect. The analysis of the within-subjects con-
trasts showed that there was a significant change between 
the year before the intervention and the intervention year 

Both groups showed no differences in demographic data, 
health history, or health parameters at baseline.

HbA1c and BMI

At both ends of the intervention (-0.52 (-0.73; − 0.32), 
p < .000) and the 24-month follow-up (-0.38 (-0.61; − 0.15), 
p < .001), the intervention group showed significantly bet-
ter HbA1c values compared to the control group (Table 2). 
When looking at the development over the entire period, it 
can be seen that the strongest decrease happened in the first 
three months, but the lowest value is reached only after six 
months (Fig. 2).

In terms of BMI, the intervention group showed signifi-
cantly worse values in the group comparison after both 12 
and 24 months, which, however, is due to the higher base-
line value (Table 2). Looking at the time course, a signifi-
cant reduction in BMI can be seen in the intervention group 
at both time points (12 M: 1.325 (1.011; 1.638), p < .000 

Table 2 Mean Changes in Glycemic Control (HbA1c) and BMI in the Intervention and Control Groups across 12 months and 24 months
Groups, Mean Change (95% CI) Between Group Mean 

Difference (95% CI)
P Value of 
Difference

Intervention Group 
(n = 86)

Control Group 
(n = 65)

HbA1c
After 3 months 0.34 (0.19; 0.49)** − 0.01 (-0.19; 0.16) − 0.35 (-0.55; − 0.16) 0.000
After 6 months 0.51 (0.34; 0.68)** 0.27 (0.07; 0.47)* − 0.24 (-0.45; − 0.03) 0.028
After 12 months 0.48 (0.31; 0.65)** − 0.05 (-0.25; 0.15) -,52 (-,73; -,32) ,000
After 24 months 0.39 (0.20; 0.58)** 0.01 (-0.21; 0.22) -,38 (-,61; -,15) ,001
BMI
After 3 months 0.49 (0.25; 0.72)** 0.05 (-0.23; 0.32) − 0.43 (-0.81; − 0.05) 0.028
After 6 months 1.13 (0.85; 1.41)** 0.29 (-0.06; 0.63) − 0.83 (-1.23; − 0.44) 0.000
After 12 months 1.33 (1.01; 1.64)** 0.25 (-0.12; 0.62) -1,07 (-1,47; -,66) ,000
After 24 months 0.75 (0.39; 1.11)** 0.13 (-0.26; 0.53) -,61 (-1,06; -,16) ,008
BMI, body mass index; HbA1c, glycated haemoglobin,
Within-group change vs. Baseline * = <0.005 ** = < 0.000
Data are the least-square means derived from a linear mixed model and adjusted for baseline haemoglobin A1c. Error bars indicate standard 
errors

Fig. 2 Development of HbA1c val-
ues and BMI over time; Data are 
the least-square means derived 
from a linear mixed model and 
adjusted for baseline haemo-
globin A1c. Error bars indicate 
standard errors
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Physical activity

The analysis of the steps recorded shows a continuous 
increase over time in both plots (Fig. 3), so one can assume 
an increase in physical activity in the intervention group. In 
the analysis of the questions from the questionnaire, how-
ever, this is only reflected in one of the three questions, in 
which the intervention group also performs significantly 
better than the control group (Table 4).

Use of technology

Both technology commitment and technology acceptance 
remain at a relatively high level throughout the study, so 
a high acceptance rate and few problems in use can be 
assumed (Table 5). The questionnaire on continued use after 
the end of the intervention shows that 60% of the respon-
dents continue to use the devices or equivalents regularly 
(Fig. 4).

as well as the intervention year and the year after, but not 
between the year before the intervention and the year after 
the intervention, i.e., there was a regression to the baseline 
level. For costs, neither a significant main effect nor a sig-
nificant interaction effect was found.

Table 3 The proportion of Participants in Intervention and Control 
Groups who achieved the ADA Treatment Goal at Baseline, Year One 
and Year Two

% of Group
Intervention 
Group

Control 
Group

P value 
between 
Group

HbA1c
Baseline 55,8 63,1 0.369
After 12 months 77,8 52,0 0.012
After 24 months 76,6 55,8 0.012
BMI
Baseline 22,1 30,8 0.159
After 12 months 36,1 32 0.070
After 24 months 34 34,9 0.381

Fig. 3 Values for Intervention Group Only – Daily Steps Recorded (Mean)
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Discussion

This study has shown significant improvements in HbA1c 
levels over two years for participants in the initiative.diabe-
tes programme in addition to standard care. The use of tele-
medicine coaching in combination with various wearables, 
therefore, offers a good option for the long-term treatment 
of patients with type 2 diabetes. The telemedicine-supported 
coaching on the management of T2DM, proper diet, and 
appropriate exercise manifested itself very clearly in the 
clinical outcomes of HbA1c and BMI. Values of the primary 
outcome HbA1c were significantly lower in the intervention 
group (IG) than in the control group (CG) at all measure-
ment time points. This strongest change was seen in the first 
three months, which is consistent with the positive short-
term results of many studies. However, it is also evident that 
the lowest value was reached only after six months, so three 
months of intervention are not sufficient to achieve optimal 
results. The second six months of the intervention showed 
little change, which can be attributed to the programme 
structure based on Prochaska’s transtheoretical model [42–
44]. In the first six months, behaviours were to be changed, 
while in the stabilisation phase, the aim was to integrate 
them into everyday life in such a way that they could be 
implemented in the long term beyond the end of the pro-
gramme. This is shown in the follow-up survey, in which the 
intervention group also performs significantly better.

In addition, it should be noted that, according to the 
recommendations of ADA [50] and EASD [20], an HbA1c 
value of less than 7% for type 2 diabetics should be tar-
geted in the long term for nonpregnant adults. In the present 
study, 55% of the intervention group and 63% of the control 
group had already achieved HbA1c values below the recom-
mended 7% at the beginning of the study, which also leads 
to baseline values just below 7% on average in both groups. 
Despite the low baseline value, a significant reduction was 
achieved, demonstrating a clear positive effect of the inter-
vention. With higher baseline values, an even more signif-
icant result would have been expected. This is consistent 
with the results of one of the few large long-term studies 
of intensive lifestyle interventions (ILI), the Look AHEAD 
study [21, 51]. Here, the HbA1c value in the ILI group was 
reduced by 0.7%, from 7.3 to 6.6%, within one year. The 
corresponding values from the present study are a reduction 
of about 0.5% from a baseline of about 6.9%, so that in the 
intervention group nearly 78% are now achieving the ADA 
recommendation, while in the control group, the proportion 
has become smaller. Lifestyle changes can thus bring about 
extremely positive changes even in a rather mild stage of 
T2DM. These changes have a positive effect not only on 
diabetes control. For example, it is also assumed that the 
control of DM contributes to the significant reduction of 
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The participants’ BMI also showed a significant reduc-
tion of -1.370 (CI -1.822; − 0.919, p < .000) after 12 months 
and a permanent downward trend in the IG. Compared to 
the international Look AHEAD study [51] mentioned above 
or the German TeliPro study [23], this is a smaller reduc-
tion, but in both studies, diet products were explicitly used 
for weight reduction. In this study, participants were offered 
support via dietary products. However, these were not a 
mandatory component and were only used by one person 
in the included study sample. Therefore, the results are 
predominantly due to the coaching and resulting lifestyle 
adjustments.

Weight management measured by BMI did not show 
such good results as HbA1c. Although a positive develop-
ment of the intervention group was recognisable after the 
intervention, this could not be maintained by the patients. 
One year after the end of the intervention, the participants 
in the intervention group are, on average, relatively close to 
baseline again, or at least show a significant regression in 
intervention success. This is not surprising, as it has been 
shown in many studies that lost weight is regained after 
the intervention ends, and patients often go through several 
cycles of weight loss and relapse until they achieve constant 

other non-communicable diseases, such as dementia [52]. 
According to the UK Prospective Diabetes Study, a 1% 
absolute reduction in HbA1c (equivalent to 11 mmol/mol) 
over 10 years can translate into a 21% reduction in dia-
betes-related endpoints and a reduction in microvascular 
complications of approximately 37% [53]. However, such 
high reductions are rarely achieved. In the literature, val-
ues between 0.25% and 0.5% (corresponding to 3–5 mmol/
mol) are most common immediately after completion of the 
intervention and may already make a significant difference 
with regard to the further development of diabetes [38, 54, 
55]. In the present study, this reduction was achieved both 
at the end of the intervention and in the follow-up survey.

At the follow-up survey one year after the end of the 
intervention, the intervention group has an average HbA1c 
value of 6.54%, which is still below the international recom-
mendations of the ADA and EASD, and significantly below 
the value of the control group. The decrease over the entire 
year following the intervention, during which there was no 
further support outside of regular care, was only 0.1%. This 
sustained improvement demonstrates the long-term effec-
tiveness of the intervention.

Table 5 Technology acceptance of Intervention group
T1 (N = 60) T2 (N = 62) T3 (N = 62)
M SD M SD M SD

Perceived ease of use 4.48 0.69 4.62 0.59 4.65 0.59
Perceived usefulness 4.27 0.67 4.41 0.81 4.48 0.76
Technology self-efficacy 4.73 0.54 4.74 0.52 4.81 0.36
Relevance to everyday life 4.57 0.68 4.53 0.87 4.59 0.78
Perceived enjoyment 3.89 1.00 3.75 1.19 4.00 1.08
Subjective norm 4.38 0.82 4.49 0.65 4.40 0.89
Feeling of being controlled 4.14 1.04 3.99 1.21 4.30 1.05
Sense of security 4.14 0.89 4.30 0.96 4.31 1.04
Data are mean ± standard deviation (SD) values according to the Per Protocol sample of the intervention group. Values represent scores from 1 
(no agreement) to 5 (full agreement)

Fig. 4 Use of technology after 
intervention
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and mental health, a defence against chronic diseases, the 
maintenance of independence and mobility, and improved 
everyday skills up to an advanced age [66–68]. In the pre-
ventive area of public health research, numerous studies 
have confirmed that physical activity reduces next to the 
risk of T2DM the risk of early death, coronary heart dis-
ease, stroke, hypertension, metabolic syndrome, colon and 
breast cancer, and depression [68]. However, especially at 
the end of the intervention, many participants no longer 
transmitted values, so the evaluation of the recorded steps 
must be viewed with caution and a certain bias cannot be 
ruled out. Reasons for the lack of data transmission can be 
interpreted positively or negatively. Negative reasons could 
be technical problems or lack of motivation. However, since 
both technical commitment and technology acceptance 
were very high throughout the entire intervention period, it 
seems rather unlikely that technical problems were the main 
reason. Nevertheless, the motivational component of wear-
ing the pedometer constantly every day may have played a 
role. Another, more positive explanation could be that the 
structural changes were already integrated and consolidated 
so well into everyday life that the visualisation could no 
longer offer any significant benefit to the participants and 
was no longer needed towards the end of the intervention. 
This would also be reflected in the fact that no more sig-
nificant changes in outcomes occurred towards the end of 
the intervention; instead, the values remained largely stable. 
An increase in physical activity in the intervention group 
can nevertheless be assumed, since this was also shown in 
the questions recorded simultaneously in the questionnaire. 
Unfortunately, the increase in physical activity is reflected 
only slightly and not statistically significantly in the evalu-
ation of the questionnaire (with the exception of the group 
comparison of active days per week). The recording of 
physical activity by means of questionnaires is generally 
considered difficult and will require increased research in 
the future. In particular, lighter physical activities, which 
make up the largest part of daily physical activity, are diffi-
cult to record via subjectively answered questionnaires [69].

A major advantage of the programme’s telemedicine 
approach was also evident during the current COVID-19 
pandemic, which had its first peak phase in the last six 
months of the study and is still ongoing. The programme 
was able to continue without restructuring measures and all 
patients could be cared for as usual due to the lack of physi-
cal dependence on care centres, hospitals or similar. The 
high flexibility of the programme has also proven to be very 
useful when it came to balancing family and work with the 
coaching. This continuity of the programme is an important 
positive factor, especially in the ongoing process of behav-
ioural change. The programme’s flexibility, through individ-
ual and needs-oriented coaching, also showed clear positive 

weight management [56–59]. In general, studies in the area 
of weight management often report rather disappointing 
results and lower effectiveness, especially due to poorer 
attendance and adherence rates.

It has also been shown that extending the support beyond 
the intervention period leads to better consolidation of the 
effects, and longer intervention durations achieve better 
results in weight loss than shorter ones [60, 61]. International 
guidelines of the ADA recommend, in the area of weight 
management for type 2 diabetics, at least one year of further 
support with at least one contact per month and appropriate 
self-monitoring after a six-month intensive coaching phase, 
so that long-term successes can be maintained [62]. In the 
present study, after six months of intensive coaching there 
were only six months for the stabilisation phase, which 
could be partly responsible for the stronger regression in 
this area. In contrast to this, the descriptive survey of the 
patients (Fig. 4) showed that only a small proportion of the 
participants would have liked to receive longer care. Here, 
the patients’ interests do not coincide with the procedures 
recommended in the literature. In addition, a lower baseline 
is considered a predictor of better weight loss success and 
adherence [63]. In the current study, baseline values were 
already above the general recommendations on average, 
which is not surprising given that overweight or obesity are 
some of the most common side effects in type 2 diabetics.

Finally, a study of various contact options found that sup-
port via telephone or the internet is not as successful in the 
area of weight management as personal support [64]. This 
is not the case in other areas. In the area of blood glucose 
control, for example, some studies show that interventions 
carried out via telemedicine are no less effective than inter-
ventions carried out conventionally [38].

The number of physician contacts showed a significant 
increase in the intervention group in the year of the interven-
tion but fell back to the baseline value in the following year. 
This could be due to increased healthy behaviour, increased 
controls or changes in medication. However, since only the 
number and not the reasons for the visits to the doctor were 
recorded, a bias cannot be ruled out here. The evaluation 
of medication costs showed no significant changes in either 
group, which is most likely due to the study duration being 
too short for actual economic evaluations.

The descriptive analysis of the transmitted daily steps 
also shows an increase in physical activity within the inter-
vention group. No step counts were submitted by the control 
group, so a comparison is not possible here. On average, 
the participants included in the analysis achieved between 
8,000 and 9,000 steps, and are thus relatively close to the 
recommended 10,000 steps per day [65]. In addition to 
numerous other determinants, a physically active lifestyle 
is considered to have a major impact on good physical 
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Strengths of the study, on the other hand, are the long 
duration as well as the follow-up and the fact that it is a 
randomised controlled trial.

Conclusion

Overall, the telemedicine-supported coaching programme 
initiative.diabetes with two-way communication proved to 
be very effective. With further coaching, these results were 
maintained at a stable level in the second half of the inter-
vention and were also established in the long term. For prac-
tical purposes, these results show that programmes aimed 
at changing a patient’s behavioural or habitual structures 
should have a duration of at least 6 months, preferably up to 
12 months, to stabilise the achieved effects.

Furthermore, for future studies, the focus should be on 
concepts for long-term establishment in the patients’ every-
day lives and the evaluation of long-term effects. In addition, 
a future study should investigate the roles of the coaching 
and the telemedical wearables separately.
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effects. Many patients showed reduced physical activity 
due to numerous restrictions on leisure activities during 
the pandemic. In this case, the coaches were able to react 
individually and motivate the participants to exercise more 
in their protected home setting. For this purpose, exercise 
mailings with instructions or similar offers were sent out to 
the participants. This shows the enormous importance of 
so-called two-way communication, where one can interact 
with a human counterpart. In addition, the programme offers 
patients the possibility of contacting the coach at any time 
if there is a need, for example, due to changed structures or 
crisis-related developments in their own behaviour.

Overall, telemedicine-supported coaching with two-way 
communication proved to be very effective. With further 
coaching, these results were maintained at a stable level in 
the second half of the intervention. In practice, these results 
show that programmes aimed at changing the patient’s 
behaviour or habit structures should have a duration of at 
least 6 months, preferably up to 12 months, to stabilise the 
achieved effects. Whether these good results remain stable 
after another year without coaching will be shown by a later 
evaluation of the 24-month follow-up.

Strengths and limitations

The major limitation of the present study is the lack of rep-
resentativeness due to the sampling being restricted to the 
population of insured persons of a private health insurance 
company.

In the German healthcare system, a distinction is made 
between public and private health insurance, with people 
with a higher level of education and higher income usually 
choosing private health insurance [70–72]. Furthermore, 
their higher socioeconomic status could have an impact 
on the success of the programme, since on the one hand, 
a better understanding of the necessity of changes in one’s 
own lifestyle can be assumed, and on the other hand, on 
average, there are sufficient financial resources available to 
fund such changes, e.g., the cost of sports club member-
ships, healthy and therefore often more expensive food, etc. 
It may also play a role in their already very high acceptance 
of technology and readiness to use technology. The gender 
distribution, however, is not likely to matter too much, as 
the general distribution of diabetes prevalence also shows 
slightly more males than females, although with a slightly 
smaller difference than in the present study [4].

A second limitation could be the randomisation strategy, 
since the participants were first randomised and then invited 
to participate in a specific group. Therefore, a certain moti-
vation bias could be present. Nevertheless, no significant 
differences were found in the baseline.

1 3



Journal of Diabetes & Metabolic Disorders

CODE-2-Studie. Dtsch Med Wochenschr. 2001;126(20):585–9. 
https://doi.org/10.1055/s-2001-14102.

19. Rasmussen OW, Lauszus FF, Loekke M. Telemedicine compared 
with standard care in type 2 diabetes mellitus: a randomized trial 
in an outpatient clinic. J Telemed Telecare. 2016;22(6):363–8. 
https://doi.org/10.1177/1357633X15608984.

20. Davies MJ, D’Alessio DA, Fradkin J, et al. Management of 
hyperglycaemia in type 2 diabetes, 2018. A consensus report 
by the american Diabetes Association (ADA) and the Euro-
pean Association for the study of diabetes (EASD). Dia-
betologia. 2018;61(12):2461–98. https://doi.org/10.1007/
s00125-018-4729-5.

21. Wing RR. Long-term effects of a lifestyle intervention on weight 
and cardiovascular risk factors in individuals with type 2 dia-
betes mellitus: four-year results of the look AHEAD trial. Arch 
Intern Med. 2010;170(17):1566–75. https://doi.org/10.1001/
archinternmed.2010.334.

22. Quinn CC, Butler EC, Swasey KK, et al. Mobile diabetes interven-
tion study of Patient Engagement and Impact on blood glucose: 
mixed methods analysis. JMIR Mhealth Uhealth. 2018;6(2):e31. 
https://doi.org/10.2196/mhealth.9265.

23. Kempf K, Altpeter B, Berger J, et al. Efficacy of the telemedi-
cal lifestyle intervention program TeLiPro in Advanced Stages of 
type 2 diabetes: a Randomized Controlled Trial. Diabetes Care. 
2017;40(7):863–71. https://doi.org/10.2337/dc17-0303.

24. Lorig K, Ritter PL, Villa FJ, Armas J. Community-based peer-
led diabetes self-management: a randomized trial. Diabetes Educ. 
2009;35(4):641–51. https://doi.org/10.1177/0145721709335006.

25. American Diabetes Association. 5. Lifestyle Management: 
Standards of Medical Care in Diabetes-2019. Diabetes Care. 
2019;42(Suppl 1):46–S60. https://doi.org/10.2337/dc19-S005.

26. Arzneimittelkommission der deutschen Ärzteschaft, Deutsche 
Diabetes Gesellschaft, Deutsche Gesellschaft für Allgemein-
medizin und Familienmedizin, Deutsche Gesellschaft für Innere 
Medizin (DGIM), Verband der Diabetesberatungs- und Schul-
ungsberufe Deutschland, Ärztliches Zentrum für Qualität in der 
Medizin. Nationale VersorgungsLeitlinie Therapie des Typ-2-Di-
abetes - Langfassung, 1. Auflage. Bundesärztekammer (BÄK); 
Kassenärztliche Bundesvereinigung (KBV); Arbeitsgemein-
schaft der Wissenschaftlichen Medizinischen Fachgesellschaften 
(AWMF); 2013.

27. Joni Beck PharmD et al. BC-ADM,. 2017 National Standards 
for Diabetes Self-Management Education and Support. 2017. 
Accessed April 25, 2019.

28. Jackson SL, Staimez LR, Safo S, et al. Participation in a National 
Lifestyle Change Program is associated with improved diabetes 
control outcomes. J Diabetes Complicat. 2017;31(9):1430–6. 
https://doi.org/10.1016/j.jdiacomp.2017.06.001.

29. Jacobs E, Rathmann W. Epidemiologie des Diabetes in Deutsch-
land. Deutscher Gesundheitsbericht. 2018:10.

30. Dwibedi C, Mellergård E, Gyllensten AC, et al. Effect of self-
managed lifestyle treatment on glycemic control in patients 
with type 2 diabetes. NPJ Digit Med. 2022;5(1):60. https://doi.
org/10.1038/s41746-022-00606-9.

31. Borries TM, Dunbar A, Bhukhen A, et al. The impact of telemedi-
cine on patient self-management processes and clinical outcomes 
for patients with types I or II diabetes Mellitus in the United States: 
a scoping review. Diabetes Metab Syndr. 2019;13(2):1353–7. 
https://doi.org/10.1016/j.dsx.2019.02.014.

32. Mc Sharry J, Dinneen SF, Humphreys M, et al. Barriers and facil-
itators to attendance at type 2 diabetes structured education pro-
grammes: a qualitative study of educators and attendees. Diabet 
Med. 2019;36(1):70–9. https://doi.org/10.1111/dme.13805.

33. Hanlon P, Daines L, Campbell C, McKinstry B, Weller D, Pin-
nock H. Telehealth Interventions to support self-management 
of long-term conditions: a systematic metareview of diabetes, 

use is not permitted by statutory regulation or exceeds the permitted 
use, you will need to obtain permission directly from the copyright 
holder. To view a copy of this licence, visit http://creativecommons.
org/licenses/by/4.0/.

References

1. International Diabetes Federation. IDF Diabetes Atlas, 9th edn. 
2019. Accessed June 4, 2020. https://www.diabetesatlas.org.

2. Sherwin A. Contemporary Perspectives on Public Health. Public 
Health for an Aging Society. 2012:1.

3. World Health Organization. Global report on diabetes. WHO 
Press World Health Organization; 2016.

4. International Diabetes Federation. IDF Atlas 10th Edition. 2021. 
Accessed November 29, 2022. https://diabetesatlas.org/idfawp/
resource-files/2021/07/IDF_Atlas_10th_Edition_2021.pdf.

5. Deutsche Diabetes Gesellschaft. Deutscher Gesundheitsbericht 
Diabetes 2019–Die Bestandsaufnahme. 2019.

6. Robert Koch-Institut. Diabetes in Deutschland – Bericht der 
Nationalen  Diabetes-Surveillance 2019. 2019. Accessed June 4, 
2020. https://diabsurv.rki.de/SharedDocs/downloads/DE/Diab-
Surv/diabetesbericht2019.pdf?__blob=publicationFile&v=12.

7. Robert Koch-Institut. Diabetes in Deutschland – Bericht der 
Nationalen  Diabetes-Surveillance 2019. Accessed February 11, 
2020.

8. Schmidt C, Du Y, Baumert J, et al. Diabetes im blick – Nationale 
Diabetes-Surveillance. Diabetologe. 2019;15(2):120–7. https://
doi.org/10.1007/s11428-018-0419-7.

9. Tamayo T, Brinks R, Hoyer A, Kuß OS, Rathmann W. The preva-
lence and incidence of diabetes in Germany. Dtsch Arztebl Int. 
2016;113(11):177–82. https://doi.org/10.3238/arztebl.2016.0177.

10. Deutsche Diabetes Gesellschaft. Deutscher Gesundheitsbericht 
Diabetes. 2023. Accessed April 13, 2023. https://www.diabetesde.
org/system/files/documents/gesundheitsbericht_2023_final.pdf.

11. Esther, Jacobs. Wolfgang Rathmann. Epidemiologie Des Diabe-
tes in Deutschland. 2018.

12. Tuomilehto J, Lindström J, Eriksson JG, et al. Prevention of type 
2 diabetes mellitus by changes in lifestyle among subjects with 
impaired glucose tolerance. N Engl J Med. 2001;344(18):1343–
50. https://doi.org/10.1056/NEJM200105033441801.

13. Hauner H, Landgraf R, Schulze J, Spranger J, Standl E. Präven-
tion des Typ-2-Diabetes mellitus. Positionspapier des Nation-
alen Aktionsforums Diabetes mellitus. Dtsch Med Wochenschr. 
2005;130(17):1053–4. https://doi.org/10.1055/s-2005-866797.

14. Davies MJ, Gray LJ, Troughton J, et al. A community based 
primary prevention programme for type 2 diabetes integrating 
identification and lifestyle intervention for prevention: the Let’s 
Prevent Diabetes cluster randomised controlled trial. Prev Med. 
2016;84:48–56. https://doi.org/10.1016/j.ypmed.2015.12.012.

15. Landgraf R, Aberle J, Birkenfeld AL, et al. Therapy of type 2 
diabetes. Exp Clin Endocrinol Diabetes. 2022;130(01):80–S112. 
https://doi.org/10.1055/a-1624-3449.

16. Kähm K, Laxy M, Schneider U, Rogowski WH, Lhachimi SK, 
Holle R. Health Care costs Associated With Incident Complica-
tions in patients with type 2 diabetes in Germany. Diabetes Care. 
2018;41(5):971–8. https://doi.org/10.2337/dc17-1763.

17. Köster I, Huppertz E, Hauner H, Schubert I. Costs of diabetes 
Mellitus (CoDiM) in Germany, direct per-capita costs of man-
aging hyperglycaemia and diabetes complications in 2010 com-
pared to 2001. Exp Clin Endocrinol Diabetes. 2014;122(9):510–6. 
https://doi.org/10.1055/s-0034-1375675.

18. Liebl A, Neiss A, Spannheimer A, Reitberger U, Wagner T, Görtz 
A. Kosten des Typ-2-Diabetes in Deutschland. Ergebnisse der 

1 3

https://doi.org/10.1055/s-2001-14102
https://doi.org/10.1177/1357633X15608984
https://doi.org/10.1007/s00125-018-4729-5
https://doi.org/10.1007/s00125-018-4729-5
https://doi.org/10.1001/archinternmed.2010.334
https://doi.org/10.1001/archinternmed.2010.334
https://doi.org/10.2196/mhealth.9265
https://doi.org/10.2337/dc17-0303
https://doi.org/10.1177/0145721709335006
https://doi.org/10.2337/dc19-S005
https://doi.org/10.1016/j.jdiacomp.2017.06.001
https://doi.org/10.1038/s41746-022-00606-9
https://doi.org/10.1038/s41746-022-00606-9
https://doi.org/10.1016/j.dsx.2019.02.014
https://doi.org/10.1111/dme.13805
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.diabetesatlas.org
https://diabetesatlas.org/idfawp/resource-files/2021/07/IDF_Atlas_10th_Edition_2021.pdf
https://diabetesatlas.org/idfawp/resource-files/2021/07/IDF_Atlas_10th_Edition_2021.pdf
https://diabsurv.rki.de/SharedDocs/downloads/DE/DiabSurv/diabetesbericht
https://diabsurv.rki.de/SharedDocs/downloads/DE/DiabSurv/diabetesbericht
https://doi.org/10.1007/s11428-018-0419-7
https://doi.org/10.1007/s11428-018-0419-7
https://doi.org/10.3238/arztebl.2016.0177
https://www.diabetesde.org/system/files/documents/gesundheitsbericht_2023_final.pdf
https://www.diabetesde.org/system/files/documents/gesundheitsbericht_2023_final.pdf
https://doi.org/10.1056/NEJM200105033441801
https://doi.org/10.1055/s-2005-866797
https://doi.org/10.1016/j.ypmed.2015.12.012
https://doi.org/10.1055/a-1624-3449
https://doi.org/10.2337/dc17-1763
https://doi.org/10.1055/s-0034-1375675


Journal of Diabetes & Metabolic Disorders

49. Little RJA. A test of missing completely at random for 
multivariate data with missing values. J Am Stat Assoc. 
1988;83(404):1198–202.

50. American Diabetes Association. 6. Glycemic targets: Standards 
of Medical Care in Diabetes-2018. Diabetes Care. 2018;41(Suppl 
1):55–S64. https://doi.org/10.2337/dc18-S006.

51. Redmon JB, Bertoni AG, Connelly S, et al. Effect of the look 
AHEAD study intervention on Medication Use and related cost 
to treat Cardiovascular Disease Risk factors in individuals with 
type 2 diabetes. Diabetes Care. 2010;33(6):1153–8. https://doi.
org/10.2337/dc09-2090.

52. Strachan MWJ, Reynolds RM, Marioni RE, Price JF. Cognitive 
function, dementia and type 2 diabetes mellitus in the elderly. 
Nat Rev Endocrinol. 2011;7(2):108–14. https://doi.org/10.1038/
nrendo.2010.228.

53. Stratton IM, Adler AI, Neil HA, et al. Association of glycae-
mia with macrovascular and microvascular complications 
of type 2 diabetes (UKPDS 35): prospective observational 
study. BMJ. 2000;321(7258):405–12. https://doi.org/10.1136/
bmj.321.7258.405.

54. Norris SL, Lau J, Smith SJ, Schmid CH, Engelgau MM. Self-
management education for adults with type 2 diabetes: a meta-
analysis of the effect on glycemic control. Diabetes Care. 
2002;25(7):1159–71. https://doi.org/10.2337/diacare.25.7.1159.

55. Qi L, Liu Q, Qi X, Wu N, Tang W, Xiong H. Effectiveness of 
peer support for improving glycaemic control in patients with 
type 2 diabetes: a meta-analysis of randomized controlled tri-
als. BMC Public Health. 2015;15:471. https://doi.org/10.1186/
s12889-015-1798-y.

56. García-Pérez L-E, Alvarez M, Dilla T, Gil-Guillén V, Orozco-
Beltrán D. Adherence to therapies in patients with type 2 diabe-
tes. Diabetes Ther. 2013;4(2):175–94. https://doi.org/10.1007/
s13300-013-0034-y.

57. Inzucchi SE, Bergenstal RM, Buse JB, et al. Management of 
hyperglycaemia in type 2 diabetes: a patient-centered approach. 
Position statement of the american Diabetes Association (ADA) 
and the European Association for the study of diabetes (EASD). 
Diabetologia. 2012;55(6):1577–96. https://doi.org/10.1007/
s00125-012-2534-0.

58. Howells L, Musaddaq B, McKay AJ, Majeed A. Clinical impact 
of lifestyle interventions for the prevention of diabetes: an over-
view of systematic reviews. BMJ Open. 2016;6(12):e013806. 
https://doi.org/10.1136/bmjopen-2016-013806.

59. American Diabetes Association. Standards of medical care in dia-
betes–2013. Diabetes Care. 2013;36(Suppl 1):11–66. https://doi.
org/10.2337/dc13-S011.

60. Middleton KMR, Patidar SM, Perri MG. The impact of extended 
care on the long-term maintenance of weight loss: a systematic 
review and meta-analysis. Obes Rev. 2012;13(6):509–17. https://
doi.org/10.1111/j.1467-789X.2011.00972.x.

61. Perri MG, Nezu AM, Patti ET, McCann KL. Effect of 
length of treatment on weight loss. J Consult Clin Psychol. 
1989;57(3):450–2.

62. American Diabetes Association. 8. Obesity management for the 
treatment of type 2 diabetes: Standards of Medical Care in Dia-
betes-2019. Diabetes Care. 2019;42(Suppl 1):81–S89. https://doi.
org/10.2337/dc19-S008.

63. Burgess E, Hassmén P, Pumpa KL. Determinants of adherence to 
lifestyle intervention in adults with obesity: a systematic review. 
Clin Obes. 2017;7(3):123–35. https://doi.org/10.1111/cob.12183.

64. Middleton KR, Anton SD, Perri MG. Long-term adherence to 
Health Behavior Change. Am J Lifestyle Med. 2013;7(6):395–
404. https://doi.org/10.1177/1559827613488867.

65. Jd P-C, Alvarez-Barbosa F, Gallardo-Gomez D, Cruz BdP. Opti-
mal Number of Steps Per Day to Prevent All-Cause Mortality in 
People with Pre-Diabetes and Diabetes. 2022.

heart failure, Asthma, Chronic Obstructive Pulmonary Disease, 
and Cancer. J Med Internet Res. 2017;19(5):e172. https://doi.
org/10.2196/jmir.6688.

34. Tchero H, Kangambega P, Briatte C, Brunet-Houdard S, Retali 
G-R, Rusch E. Clinical effectiveness of Telemedicine in Diabe-
tes Mellitus: a Meta-analysis of 42 randomized controlled trials. 
Telemed J E Health. 2018. https://doi.org/10.1089/tmj.2018.0128.

35. Faruque LI, Wiebe N, Ehteshami-Afshar A, et al. Effect of 
telemedicine on glycated hemoglobin in diabetes: a system-
atic review and meta-analysis of randomized trials. CMAJ. 
2017;189(9):E341–64. https://doi.org/10.1503/cmaj.150885.

36. He Q, Zhao X, Wang Y, Xie Q, Cheng L. Effectiveness of smart-
phone application-based self-management interventions in 
patients with type 2 diabetes: a systematic review and meta-anal-
ysis of randomized controlled trials. J Adv Nurs. 2022;78(2):348–
62. https://doi.org/10.1111/jan.14993.

37. Khunti N, Khunti N, Khunti K. Adherence to type 2 diabetes 
management. Br J Diabetes. 2019;19(2):99–104. https://doi.
org/10.15277/bjd.2019.223.

38. Captieux M, Pearce G, Parke HL, et al. Supported self-manage-
ment for people with type 2 diabetes: a meta-review of quantita-
tive systematic reviews. BMJ Open. 2018;8(12):e024262. https://
doi.org/10.1136/bmjopen-2018-024262.

39. Storch Kv, Graaf E, Wunderlich M, Rietz C, Polidori MC, Woo-
pen C. Telemedicine-Assisted self-management program for type 
2 diabetes patients. Diabetes Technol Ther. 2019. https://doi.
org/10.1089/dia.2019.0056.

40. Arzneimittelkommission der Deutschen Apotheker. Arzneimit-
telkommission der deutschen Ärzteschaft, Deutsche Dermatolo-
gische Gesellschaft e. V., NVL Typ-2-Diabetes – Teilpublikation 
der Langfassung, 2. Auflage. Bundesärztekammer (BÄK); Kas-
senärztliche Bundesvereinigung (KBV); Arbeitsgemeinschaft der 
Wissenschaftlichen Medizinischen Fachgesellschaften (AWMF); 
2021.

41. Ceriello A, Barkai L, Christiansen JS, et al. Diabetes as a case study 
of chronic disease management with a personalized approach: 
the role of a structured feedback loop. Diabetes Res Clin Pract. 
2012;98(1):5–10. https://doi.org/10.1016/j.diabres.2012.07.005.

42. Prochaska JO, Redding CA, Evers KE. The transtheoretical model 
and stages of change. In: Glanz K, Rimer BK, Viswanath K, edi-
tors. Health behavior and health education: theory, research, and 
practice. John Wiley & Sons; 2008. pp. 125–48.

43. Prochaska JO, Velicer WF. The transtheoretical model of health 
behavior change. Am J Health Promot. 1997;12(1):38–48. https://
doi.org/10.4278/0890-1171-12.1.38.

44. Tseng H-M, Liao S-F, Wen Y-P, Chuang Y-J. Stages of change 
concept of the transtheoretical model for healthy eating links 
health literacy and diabetes knowledge to glycemic control in 
people with type 2 diabetes. Prim Care Diabetes. 2017;11(1):29–
36. https://doi.org/10.1016/j.pcd.2016.08.005.

45. Köster I, Huppertz E, Hauner H, Schubert I. Direct costs of 
diabetes mellitus in Germany - CoDiM 2000–2007. Exp Clin 
Endocrinol Diabetes. 2011;119(6):377–85. https://doi.org/10.10
55/s-0030-1269847.

46. Chehregosha H, Khamseh ME, Malek M, Hosseinpanah F, 
Ismail-Beigi F. A View Beyond HbA1c: role of continuous glu-
cose monitoring. Diabetes Ther. 2019;10(3):853–63. https://doi.
org/10.1007/s13300-019-0619-1.

47. Lerman-Garber I, López-Ponce A, Murcio Flores RA, et al. Com-
paring easy and accessible parameters of glycemic control in type 
2 diabetes. Rev Invest Clin. 2001;53(6):518–25.

48. Hanas R, John G. 2010 Consensus Statement on the Worldwide 
Standardization of the Hemoglobin A1C Measurement. Diabetes 
Care. 2010;33(8):1903–1904. https://doi.org/10.2337/dc10-0953.

1 3

https://doi.org/10.2337/dc18-S006
https://doi.org/10.2337/dc09-2090
https://doi.org/10.2337/dc09-2090
https://doi.org/10.1038/nrendo.2010.228
https://doi.org/10.1038/nrendo.2010.228
https://doi.org/10.1136/bmj.321.7258.405
https://doi.org/10.1136/bmj.321.7258.405
https://doi.org/10.2337/diacare.25.7.1159
https://doi.org/10.1186/s12889-015-1798-y
https://doi.org/10.1186/s12889-015-1798-y
https://doi.org/10.1007/s13300-013-0034-y
https://doi.org/10.1007/s13300-013-0034-y
https://doi.org/10.1007/s00125-012-2534-0
https://doi.org/10.1007/s00125-012-2534-0
https://doi.org/10.1136/bmjopen-2016-013806
https://doi.org/10.2337/dc13-S011
https://doi.org/10.2337/dc13-S011
https://doi.org/10.1111/j.1467-789X.2011.00972.x
https://doi.org/10.1111/j.1467-789X.2011.00972.x
https://doi.org/10.2337/dc19-S008
https://doi.org/10.2337/dc19-S008
https://doi.org/10.1111/cob.12183
https://doi.org/10.1177/1559827613488867
https://doi.org/10.2196/jmir.6688
https://doi.org/10.2196/jmir.6688
https://doi.org/10.1089/tmj.2018.0128
https://doi.org/10.1503/cmaj.150885
https://doi.org/10.1111/jan.14993
https://doi.org/10.15277/bjd.2019.223
https://doi.org/10.15277/bjd.2019.223
https://doi.org/10.1136/bmjopen-2018-024262
https://doi.org/10.1136/bmjopen-2018-024262
https://doi.org/10.1089/dia.2019.0056
https://doi.org/10.1089/dia.2019.0056
https://doi.org/10.1016/j.diabres.2012.07.005
https://doi.org/10.4278/0890-1171-12.1.38
https://doi.org/10.4278/0890-1171-12.1.38
https://doi.org/10.1016/j.pcd.2016.08.005
https://doi.org/10.1055/s-0030-1269847
https://doi.org/10.1055/s-0030-1269847
https://doi.org/10.1007/s13300-019-0619-1
https://doi.org/10.1007/s13300-019-0619-1
https://doi.org/10.2337/dc10-0953


Journal of Diabetes & Metabolic Disorders

Studien. Bundesgesundheitsblatt Gesundheitsforschung Gesund-
heitsschutz. 2010;53(9):925–38. https://doi.org/10.1007/
s00103-010-1119-7.

71. Hoffmann F, Koller D. Verschiedene Regionen, verschie-
dene Versichertenpopulationen? Soziodemografische und 
gesundheitsbezogene Unterschiede zwischen Krankenkassen. 
Gesundheitswesen. 2017;79(1):e1–e9. https://doi.org/10.105
5/s-0035-1564074.

72. Hoffmann F, Bachmann CJ. Unterschiede in den soziodemo-
grafischen Merkmalen, der Gesundheit und Inanspruchnahme 
bei Kindern und Jugendlichen nach ihrer Krankenkassen-
zugehörigkeit. Bundesgesundheitsblatt Gesundheitsforschung 
Gesundheitsschutz. 2014;57(4):455–63. https://doi.org/10.1007/
s00103-013-1916-x.

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

66. McPhee JS, French DP, Jackson D, Nazroo J, Pendleton N, 
Degens H. Physical activity in older age: perspectives for healthy 
ageing and frailty. Biogerontology. 2016;17(3):567–80. https://
doi.org/10.1007/s10522-016-9641-0.

67. Warburton DE. Health benefits of physical activity: the evidence. 
Can Med Assoc J. 2006;174(6):801–9. https://doi.org/10.1503/
cmaj.051351.

68. U.S. Department of health and human services, Physical Activity 
Guidelines Advisory Committee Scientific Report. 2018. 2018. 
Accessed October 14, 2020. https://health.gov/paguidelines/sec-
ond-edition/report/pdf/PAG_Advisory_Committee_Report.pdf.

69. Eckert KG, Lange MA. Comparison of physical activity ques-
tionnaires for the elderly with the International classification 
of Functioning, disability and health (ICF)--an analysis of con-
tent. BMC Public Health. 2015;15:249. https://doi.org/10.1186/
s12889-015-1562-3.

70. Huber J, Mielck A. Morbidität und Gesundheitsversorgung bei 
GKV- und PKV-Versicherten. Forschungsstand empirischer 

1 3

https://doi.org/10.1007/s00103-010-1119-7
https://doi.org/10.1007/s00103-010-1119-7
https://doi.org/10.1055/s-0035-1564074
https://doi.org/10.1055/s-0035-1564074
https://doi.org/10.1007/s00103-013-1916-x
https://doi.org/10.1007/s00103-013-1916-x
https://doi.org/10.1007/s10522-016-9641-0
https://doi.org/10.1007/s10522-016-9641-0
https://doi.org/10.1503/cmaj.051351
https://doi.org/10.1503/cmaj.051351
https://health.gov/paguidelines/second-edition/report/pdf/PAG_Advisory_Committee_Report.pdf
https://health.gov/paguidelines/second-edition/report/pdf/PAG_Advisory_Committee_Report.pdf
https://doi.org/10.1186/s12889-015-1562-3
https://doi.org/10.1186/s12889-015-1562-3

	Long-term effects of a telemedically-assisted lifestyle intervention on glycemic control in patients with type 2 diabetes – A two-armed randomised controlled trial in Germany
	Abstract
	Introduction
	Participants and methods
	Study design
	Recruitment of participants
	Programme initiative.diabetes
	Data collection and measurements
	Data analysis

	Results
	Baseline
	HbA1c and BMI
	Physician contacts and antidiabetic costs
	Physical activity
	Use of technology

	Discussion
	Strengths and limitations

	Conclusion
	References


