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Abstract
Purpose  Recent trials demonstrated remission of type 2 diabetes and non-alcoholic fatty liver disease (NAFLD) follow-
ing formula diet-induced weight loss. To improve the outreach for populations in need, many mobile health apps targeting 
weight loss have been developed with limited scientific evaluation of these apps. The present feasibility study investigated 
the effects of a novel approach incorporating a regular ‘whole food-based’ low-calorie diet combined with app-based digital 
education and behavioral change program on glucose metabolism and disease management.
Methods  Twenty-four individuals with type 2 diabetes followed this approach supported by weekly coaching calls for 
12 weeks. Phenotyping included bioimpedance analysis, mixed-meal tolerance test, magnetic resonance spectroscopy and 
transient elastography for assessing liver fat content and liver stiffness.
Results  Over 12 weeks, participants reduced their body weight by 9% (97 ± 13 to 88 ± 12 kg), body mass index (BMI; 33 ± 5 
to 29 ± 4 kg/m2), total fat mass (31 ± 10 to 27 ± 10%) (all p < 0.01) and liver fat by 50% alongside with decreased liver stiff-
ness. Target HbA1c (< 6.5%) was achieved by 38% and resolution of NAFLD (liver fat content < 5.6%) was observed in 
30% of the participants.
Conclusion  This novel approach combining digital education with a low-calorie diet results in effective improvements of 
body weight, glycemic control and NAFLD and could complement existing care for patients with type 2 diabetes.
Trial registration  NCT04509245
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Introduction

Increased consumption of energy-dense foods, obesity and 
non-alcoholic fatty liver disease (NAFLD), characterized 
by hepatocellular lipid content (HCL) of more than 5.6%, 
are the major metabolic drivers for development of type 
2 diabetes [1–3]. Risk of NAFLD progression is higher 
in patients with type 2 diabetes, which in turn increases 
other diabetes-related complications, such as cardiovas-
cular morbidity and mortality [4]. Moderate weight loss 
can halt the vicious cycle by normalizing hepatic steatosis, 
insulin resistance and hyperglycemia [5]. This underlines 
the clinical relevance of intensive dietary management 
also in NAFLD [6]. Current nutritional treatment guide-
lines for adults with type 2 diabetes focus on improving 
glycemic control, body weight management and cardio-
vascular risk factors. Although these guidelines empha-
size individualized nutritional therapy, recommendations 
generally promote healthy whole foods with high fiber 
content and low added sugars and refined grains [7, 8]. 
With regard to NAFLD, dietary recommendations mostly 
follow guidelines for adults with obesity and/or type 2 
diabetes with a focus on energy restriction and diet qual-
ity [9, 10]. Along these lines, the Mediterranean diet has 
been suggested as a successful lifestyle recommendation 
for NAFLD [11]. Dietary energy restriction by complete 
food replacement via formula diets is also able to induce 
diabetes remission and normalization of HCL in a subset 
of patients [12, 13]. However, it remains unknown whether 
similar effects can be achieved with a regular, non-formula 
based diet in connection with digital health education and 
coaching. Latest obesity management guidelines advocate 
for the implementation of emerging technologies and vir-
tual medicine incorporating online education, coaching 
as well as weight and activity tracking to improve weight-
loss outcomes [14]. Although numerous applications are 
available for weight loss and diabetes management and 
mobile health interventions hold great promise to opti-
mize treatment strategies for several chronic diseases, 
many studies using such applications (apps) are of insuf-
ficient quality [15, 16]. There is also room for improve-
ment as the functionality of some apps is limited and app 
development is rarely evidence-based [17]. Currently, it is 
unclear whether stand-alone use of mobile health apps is 
sufficient or whether adjuncts, such as phone counselling, 
should be used concomitantly to improve their efficacy for 
body weight management. To take account of these novel 
developments and challenges derived thereof, the aim of 
this feasibility study was to assess whether a combined 
approach using a ‘real food-based’ low-calorie diet in con-
nection with a smartphone app and weekly coaching calls 

for patients with diabetes results in improved body weight, 
metabolism and disease management.

Subjects and methods

Participants

We included 24 patients with type 2 diabetes from the 
German Diabetes Study (GDS) with less than 4 years dis-
ease duration and not receiving insulin. Participants were 
recruited between 10/2018 and 07/2019 and were included 
after giving informed consent to the study protocols [18] 
(Fig. 1).

Intervention

Before the start of the intervention, participants docu-
mented their dietary intake by filing a food diary for 
3 days. During the 12-week intervention, participants 
were asked to adhere to a real food-based low-calorie diet 
supported by an app-guided digital education program 
as well as a low-calorie recipe book [19] and received 
weekly coaching calls by specifically trained nutritionists. 
The recipe book provides a variety of individual meals 
and their caloric content and serves as a guide for low-
calorie meal choices for the participants [19]. Patients 
were instructed to adhere to a balanced low-calorie diet 
(average 850 kcal/day) consisting mainly of high-protein 
foods with low glycemic index of their choice. Throughout 
the study, participants photographically documented every 
food item they consumed. These images were acquired by 
smartphone through the app and uploaded to an online 
portal, where they could be accessed and evaluated by 
the coaches. Based on these images, portion size as well 
as food items and caloric intake was estimated by trained 

Fig. 1   Recruitment flow diagram
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nutritionists by randomly choosing two days throughout 
the study. Habitual food intake prior to study inclusion was 
estimated using 3-day dietary protocols and data were ana-
lyzed using the Prodi system (Prodi 6.3.0.1, Nutri-Science 
GmbH). During the weekly coaching calls, trained coaches 
provided structured behavior change and motivated the 
participants to follow a healthy diet, photographically doc-
ument their daily dietary intake and tracking their body 
weight, at least on a weekly basis, via the app.

Digital health application

The Changing Health App (Changing Health, Newcas-
tle, UK) was designed specifically for type 2 diabetes 
and has been used before in pilot studies in the United 
Kingdom and the Netherlands. The content of the app 
also underwent medical and ethical review (ethics boards 
Heinrich-Heine-University Düsseldorf, reference number 
4508). At first visit, patients installed the app and com-
pleted an app-based digital education program, consist-
ing of type 2 diabetes education and behavioral change 
accompanied by weight tracking and dietary monitoring. 
Patients used the app throughout the study and adherence 
was monitored  based on logins. Participants were advised 
not to change their physical activity behavior during the 
intervention. To monitor their activity, daily steps were 
recorded via the app. Glucose lowering medication was 
paused three days prior to metabolic tests.

Metabolic testing

Comprehensive phenotyping before and after the interven-
tion after an overnight fast included a mixed-meal tolerance 
test (MMTT; Resource Protein, Nestlé Health Science) 
yielding the oral glucose insulin sensitivity (OGIS) index. 
The MMTT provides an estimate of endogenous insulin 
secretion and insulin sensitivity [20]. The ingested drink 
mimics a conventional meal delivering 463 kcal (macro-
nutrient composition: 13 g fat, 52 g carbohydrates (30 g 
sugar) and 35 g protein). Blood samples for MMTT were 
taken every 30 min over 180 min for measuring glucose, 
insulin and C-peptide [18]. Fat mass and fat-free mass were 
assessed by bioimpedance analysis (BioElectrical Imped-
ance Analyzer System, RJL Systems, Detroit, MI, USA). 
Proton magnetic resonance spectroscopy was performed on 
a 3-T MR scanner (Achieva X-series, Philips Healthcare) 
for measurement of HCL expressed as % to water signal 
[21]. FibroScan (Roll-stand 530, Echosens, Paris, France) 
was performed by a trained physician using a minimum of 
10 valid measurements (interquartile range < 0.30) for liver 

stiffness (E) and Controlled Attenuation Parameter (CAP) to 
assess the degree of steatosis [22].

Ethics

The study is approved by local institutional review boards 
(ethics boards Heinrich-Heine-University Düsseldorf, refer-
ence number 4508, amendment 20, and University Hospital 
Tübingen reference number 385/2018BO2). This trial was 
retrospectively registered with ClinicalTrials.gov Identifier: 
NCT04509245 and was performed according to the Declara-
tion of Helsinki.

Statistics

Data are presented as mean ± standard deviation. P-val-
ues < 0.05 were considered to indicate statistically signifi-
cant differences. Pearson correlation coefficient was used to 
assess associations between metabolic parameters. Paired 
t-tests were used to assess differences between baseline and 
post-intervention follow-up in the study population. Normal 
distribution was assessed by Shapiro–Wilk test. Assuming a 
baseline HCL of 8.6 ± 8.2 (mean ± SD) [23] power calcula-
tions estimated reaching a β of 90% by including 24 partici-
pants if the true HCL reduction would equal 7 percentage 
points. Statistical analyses were performed with SAS (ver-
sion 9.4; SAS Institute, Cary, USA) and GraphPadPrism 
(version 7.03; GraphPad Software, San Diego, USA).

Results

Main anthropometric and metabolic parameters are pre-
sented in Table 1. In brief, the present study included 14 
female and 10 male participants with type 2 diabetes and 
a mean age of 56 ± 8 years. Participants decreased their 
body weight by 9% from 97 ± 14 to 88 ± 12 kg, BMI from 
33 ± 5 to 29 ± 4 kg/m2 and fat mass from 31 ± 10 to 27 ± 10% 
(all p < 0.01). Caloric intake decreased on average from 
1753 ± 408 to 868 ± 108 kcal/day (p < 0.01). The approxi-
mate macronutrient composition of the diet was roughly 40% 
energy from fat, 28% energy from protein and 32% energy 
from carbohydrates. Participants also improved their glyce-
mic control, fasting glucose and OGIS (Fig. 2a–c). Similar 
results were observed for metabolic changes during MMTT 
(Fig. 3). In brief, the area under the curve for circulating 
glucose, insulin and triglycerides during the 180 min of 
the MMTT was lower post-intervention compared to study 
inclusion (all p < 0.05). There was no change in plasma free 
fatty acid levels during the MMTT.

Diastolic, but not systolic blood pressure decreased 
alongside with a reduction in resting heart rate (Fig. 2d–f). 
HCL, alanine aminotransferase activity and liver stiffness 
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also decreased with the intervention (Fig. 2g–i). Changes in 
HCL correlated with alterations in fasting glucose (r = 0.56, 
p = 0.006), changes in HbA1c (r = 0.59, p = 0.003) and base-
line fasting glucose (r = 0.41, p = 0.04) but did not correlate 
with changes in body weight or fat mass. No hypoglycemic 
episodes or other adverse events were reported during the 
intervention. The number of steps taken by the participants 
during the intervention remained constant and equaled on 
average ~ 7000 steps/day.

Discussion

This feasibility study demonstrates that a combined 
approach utilizing a ‘real food’-based low-calorie diet, 
supported by digital tools, is viable and yields significant 
changes in body weight, liver health and glucose metabolism 
in people with type 2 diabetes. On average, one in three par-
ticipants normalized their HbA1c and HCL content over a 
12 week period. This approach offers an alternative to meal 
replacements to achieve type 2 diabetes remission. Recent 
data demonstrated that significant weight loss (> 10%) is 
associated with a restoration of pancreatic function and nor-
malization of HbA1c [12]. In these studies, weight loss was 
achieved using total dietary replacement, targeting 850 kcal/
day over a 12-week period [12, 13]. Whilst clinically effec-
tive, costs and logistics of supplying meal replacements 

for every meal for a patient over a 12-week period may be 
prohibitive. Here, we demonstrate the feasibility of a ‘real 
food’-based low-calorie approach, supported by digital tools, 
in achieving a 10% weight loss and accompanying metabolic 
benefits. According to guidelines, people with type 2 dia-
betes should aim at > 5% weight loss by intensive lifestyle 
interventions [24]. With the present approach, nine in ten 
participants (90%) achieved or surpassed this goal with one 
in three (38%) reaching target HbA1c (criterion < 6.5%). Our 
population was not yet on insulin therapy, which made it 
safe and feasible to implement a low-calorie diet without 
changes of medication throughout the study, thus minimiz-
ing hypoglycemia risk.

Smartphone applications to supported health interven-
tions are promising tools for individuals with diabetes, likely 
improving diabetes care and disease self-management [25]. 
We extend the use of this novel approach in patients with 
diabetes-related NAFLD.

Excessive caloric intake rich in saturated fats, refined 
carbohydrates and/or sugar-sweetened beverages, has been 
implicated in the development of NAFLD [26–28] to occur 
via increased HCL [3, 26]. But diets containing saturated fat, 
not only promote hepatic triglyceride accumulation, but also 
favor gluconeogenesis, resulting from allosteric activation 
of pyruvate carboxylase flux and increased glycerol flux, 
and induce insulin resistance by lipid-mediated inhibition 
of insulin signaling [2]. Consequently, lower caloric intake 

Table 1   Baseline and follow-up 
characteristics of patients with 
type 2 diabetes (n = 24)

Data are given as mean ± standard deviation or percentages, paired samples t-test was used for pre-post 
comparison
AST aspartate aminotransferase, AUC​ area under the curve, BMI body mass index, CAP controlled attenua-
tion parameter, GGT​ gamma glutamyl-transferase, HDL high-density lipoproteins, hsCRP high-sensitivity 
C-reactive protein, LDL low-density lipoproteins, MMTT mixed-meal tolerance test, TSH thyroid-stimulat-
ing hormone
Significant differences as determined by  paired samples t-test

Parameter Baseline Follow-up Change (%) p value

Age (years) 56 ± 8 56 ± 8 – –
Sex (% female) 58 58 – –
Body weight (kg) 97.0 ± 13.9 87.7 ± 12.1 − 10  < 0.01
BMI (kg.m−2) 32.6 ± 4.6 29.4 ± 3.9 − 10  < 0.01
Fat mass (%) 30.9 ± 9.5 27.4 ± 10.2 − 11  < 0.01
Fasting C-peptide (ng.ml−1) 3.3 ± 1.7 2.5 ± 1.0 − 24  < 0.05
Insulin AUC MMTT (a.u.) 6969 ± 3899 4868 ± 2398 − 30  < 0.05
Total cholesterol (mg.dl−1) 185.9 ± 42.0 174.4 ± 40.6 − 6 0.09
LDL-cholesterol (mg.dl−1) 116.9 ± 39.6 109.6 ± 40.4 − 6 0.23
HDL-cholesterol (mg.dl−1) 48.2 ± 14.0 50.4 ± 11.7  + 5 0.09
Fasting triglycerides (mg.dl−1) 197.0 ± 127.8 122.7 ± 60.8 − 38  < 0.01
AST (U.l−1) 25.5 ± 11.4 23.3 ± 9.5 − 9 0.21
GGT (U.l−1) 53.3 ± 72.2 36.5 ± 47.1 − 32  < 0.05
hsCRP (mg.dl−1) 0.4 ± 0.5 0.6 ± 1.0  + 50 0.33
TSH (µIE.ml−1) 1.9 ± 1.1 1.3 ± 0.9 − 32  < 0.05
CAP (dB.m−1) 326 ± 64 263 ± 56 − 19  < 0.01
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and improved nutrient quality shall reduce HCL, as already 
described for Mediterranean diets [11]. The Mediterranean 
diet is characterized by reduced carbohydrate—particularly 
sugars and refined carbohydrates—and saturated fat con-
tent and increased monounsaturated and omega-3 fatty acid 
content. Body weight loss of 10% is necessary to improve or 
reverse NAFLD [1]. Negative energy balance was induced 
via dietary improvements monitored by coaches based on 
logged dietary intake data from participants. This likely con-
tributed to the relevant loss of HCL, associating improved 
glucose metabolism, insulin sensitivity and liver function 
[13]. Of note, loss of body weight did not associate with 
HCL reductions. Within this time frame, other factors, such 
as decreasing glucotoxicity and hyperinsulinemia, may 
affect reductions in HCL in patients with type 2 diabetes. 
Decreased fasting triglyceride levels likely aided improved 
insulin sensitivity. Similarly, NAFLD emerged as a major 
risk factor for end-stage liver disease, as mortality increases 
exponentially with fibrosis progression [29]. In the absence 

of an established pharmacological therapy, lifestyle modi-
fication including dietary adjustments is key for preventing 
excess liver-related mortality [6]. After 12 weeks, about 1/3 
of the participants normalized their HCL (criterion < 5.6%) 
[1]. Our approach shows promising results in reducing both 
HCL and liver fibrosis in patients with diabetes-related 
NAFLD. This is particularly relevant for people with newly 
diagnosed type 2 diabetes, who exhibit a rise in HCL during 
the early course of disease, likely resulting from enlarging 
adipose tissue volume and insulin resistance in the face of 
impaired hepatic mitochondrial adaptation [30]. Reduced 
energy availability possibly facilitated a drop in thyroid-
stimulating hormone [31]. Patients also improved diastolic 
BP and lowered HR, rendering subsequent cardio-metabolic 
protection to these patients at elevated risk of cardiovas-
cular morbidity and mortality [32]. Participants did not 
change their physical activity behavior during the interven-
tion as evidenced by a constant step count of about 7000 
steps/day. This is comparable with estimates from other 

Fig. 2   Metabolic parameters before and after the intervention. Glyce-
mic control (a, b) and insulin sensitivity (c), cardiovascular param-
eters: blood pressure (d, e) and resting heart rate (f) and liver parame-
ters: HCL (g), ALT (h) and stiffness (i). Black bars represent baseline 
data while post-intervention data are shown as grey bars. *p < 0.05; 

**p < 0.01. Significant differences as determined by paired samples 
t-test for pre-post comparison. ALT alanine aminotransferase, BP 
blood pressure, HbA1c glycated hemoglobin, OGIS oral glucose insu-
lin sensitivity index
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studies evaluating similar patient cohorts, such as adults 
with impaired glucose tolerance or overt diabetes [33, 34].

The strength of our study results from the comprehen-
sive metabolic characterization using gold-standard meth-
odology [18]. Telephone coaching is potentially suitable for 
patients in remote areas not served by specialized centers 
to improve diabetes self-management. However, the long-
term costs and  sustainability of this intervention remain to 
be investigated. This study did not include a control group 
with standard care as it represents a feasibility study testing 
for the first time the viability and efficacy of this app-based 
approach in patients with type 2 diabetes. Furthermore, it 
is not possible to differentiate between the effects of the 
individual components of the approach, and the results must 
be interpreted in the context of the multifaceted interven-
tion (low-calorie diet in combination with app-based educa-
tional support and photographic dietary diary with weekly 
coaching). As with any dietary intervention study, a possible 
rebound-effect after study completion cannot be excluded. 
Participants were instructed to continue an isocaloric diet in 
order maintain their post-intervention body weight, yet the 

lack of long-term monitoring after the intervention consti-
tutes a limitation of the study.

Taken together, this study shows that an approach 
combining a real food-based low-calorie diet supported 
by an app-guided digital education program for patients 
with diabetes results in clinically relevant reductions in 
body weight, fat mass, glycemic control and indicators of 
NAFLD. This approach represents a promising tool for 
managing patients with type 2 diabetes.
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