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Abstract: Metabolic syndrome (MetS) is a complex of interrelated risk factors, associated with several
serious chronic diseases like diabetes. The goal of this study was to find dietary factors of successful
weight loss for MetS outpatients. We performed a 90-day dietary intervention in a telemedically
supported, pre- and post-test, controlled trial in Hungary involving 132 MetS patients; 67 were in the
intervention, and 65 were in the control group. Patients in the intervention group used wireless smart
devices, a dietary logger, and a lifestyle app. During the trial, we recorded the patients” weight loss
and diet composition. For analysis, {-tests were used, and the temporal trends of diet composition
in the intervention group were analyzed between two sub-groups according to weight loss success.
Correlation and regression models were used to find predictors of success. The intervention group
achieved more weight loss, and the success in this group was linked with more consumption of
raw fruits/vegetables, poultry and potato dishes, while age had a negative effect. We conclude
that telemedically supported dietary coaching is an efficient alternative for interventions directed at
weight loss. Future trials should investigate the therapeutic application of diets rich in raw fruits,
especially apples, and vegetables, as well as poultry dishes.

Keywords: metabolic syndrome; weight loss; trend analysis; food sets; telemedicine

1. Introduction

Metabolic syndrome (MetS) can be defined as a combination of interrelated risk factors
for cardiovascular disease and diabetes, including elevated blood glucose and triglyceride
levels, high blood pressure, low high-density lipoprotein cholesterol levels, and obesity,
particularly central adiposity [1]. The qualifying factors are defined in the ATP III Panel
as follows:

Waist circumference above 102 cm in men and above 88 cm in women

Proved Type 2 Diabetes Mellitus or fasting glucose level above 5.6 mmol/L
Treated hypertension or spontaneous blood pressure > 130/85 Hgmm
Treated hypertriglyceridemia (HTG) or serum TG level above 1.7 mmol/L
Serum HDL-C level under 1.03 mmol/L in men, under 1.3 mmol/L in women
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A person is considered to have MetS if at least three of the above are satisfied [1,2].
The relevance of MetS for public health is due to its association with several serious chronic
diseases and health conditions, including cardiovascular disease, type 2 diabetes, and stroke.
Due to the high social and financial burden related to MetS [3], there are comprehensive
efforts worldwide to introduce new methods for its management via medication, lifestyle
intervention or bariatrics [4-6]. Since the development of MetS is highly influenced by
the lifestyle, a promising current method is the application of Information Technology
(IT)-supported telemedicine that builds on self-management and personalized advice.

Diet is one of the most important controllable factors of lifestyle, and there is also
general scientific consensus on the fact that weight loss is the most important part of any
dietary intervention therapy for MetS, as the other risk factors are expected to improve
due to weight loss as a result. Yet weight loss is the goal that often proves the hardest to
achieve. The literature and our own experience show that interventions based on just a
few consultations are not effective for weight loss. Rather, a successful lifestyle change and
weight loss can be supported only by comprehensive intervention schemes with at least
one meeting per month [7,8], or even more than 14 meetings over a 6-month period for
best results [9]. Such schemes require a large investment of time and money by both the
health care staff and the patient. However, telemedicine can help maintain a high meeting
number while keeping the scheme economically viable for the general public [9].

Works related to dietary intervention for MetS include several studies performed over
the last decade to test the viability of IT supported dietary intervention in a telemedical
setting. Most of these studies had a 3 to 6 month observation period and a cohort ranging
from 40 to several hundreds, involving patients with a body mass index (BMI) above 30.

In a trial using the Fitbit mobile app, structured phone calls were used to maintain
patients” motivation, which resulted in more weight loss and a significantly improved
adherence to the protocol [10]. Similarly, the application of the My Meal Mate smartphone
app combined with text messages helped with adherence to the calorie goals between
1200 and 1500 kcal/day in a study with more than 120 participants [11]. The effect of a
mobile app vs. a wearable bite counter device was compared in the study of [12], while
participants also received behavioral weight loss information via twice-weekly podcasts.
The results were in favor of the mobile app method. Extensive use of wireless measurement
technology was the cornerstone of another trial resulting in an impressive average weight
loss of 7.8 kg over 3 months [13].

Perhaps the most similar in design to our study, [14] used detailed exercise and food
diaries in a solution called the ‘Mobile health behaviour change support system’ in a trial
of 6 months. The measured weight loss, however, somewhat falls behind the ca. 3%
over 3 months reported in other studies. Some important parameters of these studies are
summarized in Appendix A.

The dietary databases supporting the above apps are quite diverse. My Meal Mate has
a comprehensive food database (2300 items), but only displays the energy content of the
logged food in the user interface [11], while the Bodykey app also provides feedback on
the macronutrient content of the logged items [13]. The scanning of barcoded foods is a
feature that helped identify logged foods more accurately and to eliminate possible errors
in the FatSecret app [12].

This paper presents the dietary-intervention-related results of a telemedical pilot trial
performed in Hungary with MetS patients. The main hypothesis of the intervention can
be stated as follows: There is a relationship between diet (quantity and composition) and
weight loss, which along with the trends of changes in the patients’ dietary behavior, can
be observed over a 90-day period. The secondary (exploratory) hypothesis was that the
use of a mobile app for dietary logging that gives instant feedback on the logged items
improves the efficiency of weight loss in the telemedical dietary intervention program.
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2. Materials and Methods

The study was originally planned and approved to follow a controlled design with
a randomized control group. However, due to the emergent COVID-19 situation, true
randomization of the group assignments was not possible. Patients were assigned to either
the intervention or the control group consecutively, the control group starting only after
some months of delay, when the COVID-19 restrictions were lifted again.

Based on previous studies on the primary outcome variable (weight loss or abdominal
circumference), 116 patients’ data were estimated to suffice for performing the statistical
tests with 80% power. With a 10% drop-out rate, this required a total of 130 patients; i.e.,
65 patients in the telemedicine group as well as in the control group.

Both groups were educated for a lifestyle intervention at the start of the study. We
used convenience sampling to recruit volunteers with MetS, defined by the presence of at
least 3 ATP-III risk factors [1]. We included participants (men and women) aged between
25 and 70 years who practiced only very low level self-reported regular physical activity
(less than 30 min a week). We did not include patients who were unable to give informed
consent, had planned invasive cardiology procedures, had uncontrolled hypertension,
Type 1 or Type 2 diabetes treated with more than one insulin dose per day, heart failure,
renal impairment, tumor disease, severe cognitive dysfunction, or any known condition
preventing physical exercise or seriously impairing the capacity to act.

In the intervention group, patients took part in an individual dietetic consultation at
the start of the trial in order to plan the dietetic intervention. The intervention adhered
to the accepted principles of medical nutrition therapy [15,16]. During the consultation,
a detailed dietary history was taken with insights into patients’ lifestyle, habits, dietary
preferences, frequency and quantity of consumption of various food types, beverages,
meal settings, timing, and other pertinent factors. Based on this information, the patients’
nutritional plans were developed collaboratively including short-term as well as long-
term goals. These goals were discussed during the follow-up consultations and modified
as necessary. Long-term objectives included, for example, defining the extent of weight
loss, while short-term goals entailed the implementation of specific daily tasks, such as
increasing vegetable intake to half a plate or eliminating sugar from coffee. In general, the
plans did not include any strict dietary restrictions.

In the rest of the trial, volunteers lived their everyday life with telemedical support.
For this they received a wireless body weight scale and a connected smart watch supporting
automated exercise logging. They also received a smart phone with a pre-installed copy
of a dietary logger and lifestyle app developed in a previous project [17]. Patients were
instructed to weigh themselves every day and precisely log their daily meals on as many
full days as possible. The app generates instant visual feedback on the energy nutrient
contents (calorie, fat, carbohydrate, protein) of the logged item and its contribution to
the daily totals, in comparison to the personalized recommended values. All logged and
measured data were stored in a cloud database with web-based user interfaces for the
supervising dietitians to track the recorded diet, exercise and weight values [18]. A weekly
personal tele-consultation was scheduled when the patient could talk with the supervisor
over results achieved (e.g., weight loss) and dietary changes (e.g., introduction of new
vegetable-based foods), and they received advice on common situations (e.g., eating out,
holidays, eating before/after exercise, shopping or cooking). In general, patients were
regularly encouraged to practice self-care; e.g., packing healthy and easily transportable
snacks to work.

The control group followed a similar protocol, with the exception that the participants
were not provided with wireless devices and access to the dietary logger and lifestyle app.
Therefore, no detailed dietary or body weight logs were available for this group, only the
demographic data and the body weights taken before and after the trial. Nevertheless,
this group also took part in the startup consultation, and the participants were offered one
personal consultation a month, in line with the regular treatment protocol for MetS patients.
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Aside from the daily measurement of the body weight, the blood pressure, plasma
blood glucose level, LDL /HDL-cholesterol levels, and waist circumference values were also
recorded at the startup and the end of the trial. The compilation of these clinical outcomes
is still under way and will be published later. However, it is the weight loss outcome for
which the most remarkable change could be expected, according to similar studies [19], and
also the parameter for which detailed daily measurement data were available. Therefore,
this paper focuses on the success of the dietary interventions based on the weight loss.

The cornerstone of the dietary logging and analysis was an expert database that has
been manually compiled by dietitian experts to match the target Hungarian culture. The
database contains all popular dishes, foods and snacks with several natural units, along
with their nutrient contents. The database also contains the weight equivalents of all
natural units to support a weight-based dietary analysis. The source of the nutrient data
was the public national database on the dietary content of foods, and the contents of dishes
were calculated according to the recipe and the contents of the food ingredients. Missing
nutrition data for ingredients were imported from the public USDA database [20] after a
manual alignment of the food items.

All database items have been manually assigned to one of 35 sets based on their content
and dietary characteristics. Nine sets contained foods and dishes which were identified as
dietary protective factors according to the relevant literature [8,15,16,21,22]. An example
of such a set is ‘Raw fruits’. Twelve of the sets were linked with dietary risk factors (e.g.,
‘High fat processed meat products, fast food’). The remaining 14 sets characterized items
whose expected effect on nutritional therapy mainly depended on the amount consumed
(e.g., “pasta’, or ‘rice dishes’). For a complete list of the sets, see Appendix B.

Due to the lack of detailed timeline data for the control group, the data analysis used
the control group only for group-level comparisons to check the validity of the secondary
hypotheses, and focused more on the primary hypothesis of the study; i.e., the exploration
of temporal trends and sub-groups within the intervention group.

As a first step, the dietary logs were systematically cleaned to filter out incomplete or
erroneous entries, according to the following ordered scheme.

1. If the log contained an entry that was too general to be identified reliably, the whole
day that contained the entry was excluded from the analysis

2. If the total energy logged for a day exceeded 2500 kcal, the logged items for the
day were manually checked and corrected by a supervising experienced dietitian.
Similarly, any single entries with a quantity above 9 (like e.g., 10 platefuls of spaghetti)
were considered a possible typo. Such entries were verified and corrected manually.
A similar procedure was followed for repeated identical entries.

3. Incompletely logged days were excluded from further analysis. A logged day was
considered incomplete if it had a total energy below 500 kcal, if it contained only one
meal, or it contained only two meals and a total energy below 1000 kcal.

4. Outlier days were excluded due to a high probability of a logging error. A day was
considered an outlier if its total energy differed more than 50% from the average of
the two preceding and two succeeding days.

5. We excluded those patients from the analysis who had less than 14 valid logged days
after all the above steps have been executed.

We defined the 90-day weight change percentage (WCP) as

WCP — — (.fmal body .wezght - zn.ztzal body wezgl.ﬁ) >f<90 +100 [%]
initial body weight * duration o f observation in days

In line with accepted dietary guidelines [8,15,22-24] and similar studies [13,14,25], we
considered a person a successful weight loser (SWL) if their weight loss percentage exceeded
3%, and unsuccessful (UWL) otherwise. Belonging to the success group was treated as the
main dependent variable in the statistical analysis. Aside from the SWL, we computed the
weight ratios of all dietary sets for each patient for the whole observation period.
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The initial independent variables included the patients” age and gender. In order to
characterize the patients” compliance, an additional adherence ratio was computed as the
ratio of the number of fully logged days with respect to all days. Finally, we also used
the average daily weight ratios of the various dietary sets as independent variables in
the analysis.

The data analysis posed two questions: first, is there a significant change or trend
(either positive or negative) in the body weight of the patients during the trial; second, can
we relate any independent variables to an observed significant change or trend.

To answer these questions, we first performed a paired-samples T-test and Wilcoxon
signed rank test using the initial and 90-day body weights of all patients to check whether
there was a significant change at the group level.

We also performed a Mann-Kendall trend test for each patient to check if there is a
significant temporal trend in the change of their body weight during the observation. This
test can handle missing days, does not assume a particular distribution, and delivers an
estimated slope of the trend-line by the Theil-Sen method that is quite robust for outliers [26].
If the trend was significant for a patient, the weight-loss slope (WL-slope) was also treated
as a dependent variable. We note that a higher negative slope denotes more rapid weight
loss. In order to track the changes in patients’ preferences, we also computed the trends
of the average weight ratios for the most important sets separately for the SWL and UWL
sub-groups in the first 90 days of the observation.

In order to find a connection between therapeutic success and nutrition, we computed
the Pearson correlation between the WL-slope and the important dietary set weight ratios
in the cohort of those patients with a significant WL trend, either positive or negative.

As a last step in the analysis of the main hypothesis, we built Ordinary Least Squares
linear regression models to find any significant predictors of the two dependent variables;
i.e,, WCP and WL-slope, using the age, gender, logging adherence, the averaged ratio of the
raw fruit/vegetable set, and the daily average dietary fiber consumption as independent
variables. We used the forward likelihood model selection method. The linear regression
method approximates the dependent variable as the linear combination of the independent
variables plus a constant. The coefficient computed for each independent variable carries
information on the role and importance of the variable [27].

The secondary hypothesis about the effect of more telemedical support was checked
using two-sample t-tests.

For each statistical test, the relevant assumptions, such as missing values, normality
of distributions, univariate/multivariate outliers, multicollinearity, homoscedasticity, etc.,
were checked, and the appropriate corrections were performed. Throughout the analysis,
p-values p < 0.05 were regarded as statistically significant.

The data analysis was performed with the Python Statsmodels ver. 0.14, Python
Scipy ver. 1.13 and IBM SPSS Statistics ver. 29.0.0 software packages. For the cleaning,
transforming and storing of the anonymized trial data, Microsoft SQL Server ver. 2019
database technology was used.

3. Results
3.1. Data Exploration

In the control group, 65 volunteers gave informed consent between January 2022 and
February 2023. A total of 62 started the trial, and 51 finished it successfully (27 women
and 24 men). The main reasons for dropouts were the COVID-19 pandemic and a lack of
motivation. Patient recruitment took place in the municipal district of the city of Szeged,
Hungary. The flow of participants is summarized in Figure 1.
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Assessed for eligibility and invited by physician (n=155)

Refused to participate (n=23)

Consented (n=132)
|

l' Allocation l

Intervention group (n=67) | Control group (n=65)
3 Follow-Up l

» Lack of motivation (n=8) » Did not start trial (n=3)

Lost to follow-up (n=8) ‘ Lost to follow-up (n=14)
» Lack of motivation (n=11)

Finished trial (n=59) Analysis — : r
» Insufficient data (n=5) Finished trial (n=51)
Analyzed (n=54) Analyzed (n=51)

Figure 1. Flow of patients in the trial. The control group received medical treatment according to the
regular protocol for metabolic syndrome patients.

In the intervention group, 67 volunteers signed the informed consent between July
2021 and March 2023, out of whom 59 could actually finish the trial according to the
protocol. Similarly to the control group, the main reasons for the dropouts were the lack
of motivation and the COVID-19 situation. During data cleaning, a total of 108 patient
days were dropped due to overly general logged items and 85 days for other reasons
detailed above. After data cleaning, 54 patients (26 women and 24 men) had at least 14 fully
logged days, applicable for further analysis. Table 1 shows an overview of the relevant
demographic and weight loss parameters in this cohort (1 = 54).

Table 1. Summary demographic and weight loss data for the intervention group, £standard deviation
(n=54).

Variable Women Men
Group size 26 28
Age at startup (year), average 58.1 +£9.12 49.8 +11.37
Total number of logged days 1590 2135
Number of logged days, average 61.2 +£27.84 76.3 £+ 36.84
Initial body weight (kg), average 100.8 + 22.26 129.3 £+ 30.61
90-day weight change percentage (%), average —4.5+3.10 —5.6 = 4.62
Number of successful weight losers 17 of 26 18 of 28

Table 2 compares the successful vs. unsuccessful sub-groups with respect to demography,
adherence and 90-day weight loss. While there are no substantial differences in demography,
the unsuccessful sub-group falls behind in all other respects. Similarly, Table 3 shows how
some key factors have changed during the trial, with the most notable difference in the daily
energy intake decreasing in the SWL sub-group and increasing in the UWL sub-group.

The average daily energy intake for the whole observation period was 1470.8 kcal for
the successful weight loser sub-group and 1536.9 kcal for the unsuccessful one; however, the
difference was not statistically significant in our sample, nor were the differences between
the periods shown in Table 3.

The focus of our study is on nutrition, so we analyzed the food composition of the
two sub-groups with respect to the food sets. The weight percentages of the first 10 dietary
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sets are shown in Figure 2. There are slight but notable differences, particularly with respect
to raw fruits, vegetables and pastries.

Table 2. Summary trial related data for the successful and unsuccessful weight loser sub-groups,
group averages + standard deviation (1 = 54).

Variable Successful WL Unsuccessful WL
Group size 35 19
Gender 17 women, 18 men 9 women, 10 men
Age at startup (year), average 54.2 £ 11.90 52.9 £9.62
Number of logged days, average 732+ 35.74 61.3 £ 27.81
Adherence (Number of fully logged days/all days) (%), average 79.6 £17.05 729 £ 21.84
Initial body weight (kg), average 120.5 4 32.02 106.6 + 25.17
90-day weight loss percentage (%), average —72+3.18 -1.13 +1.38
Weight ratio of raw fruits and vegetables (%), 229 + 1033 193 + 1011
average
Other

29.5%

Pastry w/ fine flour

3.1% Raw fruits
Rice dish 12.0%
3.4%

=

Raw vegetables

Meat prod., <23% fat
11.2%

3.8%

Wholemeal bakery Red meat dish
5.1% = 8.9%
Tea/water iy ' Veg. dish w/fo

L el - potato
L) 8.5%
Other |
31.1%
Potato dish
3.6%

Raw vegetables
9.7%

Meat prod., <23% fat
3.7% Raw fruits

- 9.6%
Pastry w/ fine flour _

3.9%
Red meat dish
Wholemeal bakery 9.6%
5.3%

Tea/water Veg. dish w/o

7.1% v - potato

Poultry dish 2.7%

7.6%

Figure 2. Weight ratios of the 10 most relevant food sets of the successful weight loser (top) and the
unsuccessful weight loser groups (bottom), according to the cleaned dietary logs. Percentage values
are group averages.
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Table 3. Dietary composition data for the successful and unsuccessful weight loser sub-groups in the
first and second period of the observation (1 = 54).

Successful WL Unsuccessful WL
Period 1 Period 2 Period 1 Period 2
Daily energy intake [kcal], average 1502.0 1439.8 1496.8 1577.0
Energy ratio, dietary fibers [%], average 3.7 3.6 3.1 3.1
Weight ratio, raw fruits and vegetables [%], average 22.8 23.7 19 19.7

3.2. Statistical Analysis Results—Main Hypothesis

In the intervention group, the average body weight was 115.6 £ 30.29 (min. 66.5,
max. 224.7) kg, the average BMI was 38.9 & 8.78, while the average 90-day body weight
was 109.3 & 27.24 (min. 67.4, max. 217.2) kg. After removing an extreme outlier, (the person
with the maximal weight), the samples passed the Shapiro-Wilk test for normality, and a
paired samples t-test found that there was a significant weight decrease (weight loss) of
6.3 £ 6.01 kg; i.e., 5.06% of the startup weight (95% CI 4.60-7.94), p < 0.001. This result was
confirmed by a Wilcoxon signed-rank test performed on the whole cohort, including the
outlier (p < 0.001).

The Mann-Kendall test returned a significant trend for 31 out of 35 patients in the SWL
sub-group, and 14 out of 19 patients in the UWL sub-group. The average slope of the linear
trend line was —95 + 69.7 g/day in the SWL and —23 + 22.4 g/day in the UWL sub-group,
respectively. Therefore, the Pearson correlation analysis between the WL-slope and the
relevant set weight ratios was carried out for n = 45 patients. We found three significant
correlations, as shown in Table 4.

Table 4. Significant correlations between the weight loss slope and the most relevant dietary set
weight ratios, for the patients in the intervention group with a significant temporal trend (1 = 45).

. . Correlation
Set Name (Avg. Weight Ratio) Coefficient p
Raw fruits and vegetables (21.7%) —-0.33 0.03
Poultry dishes (7.7%) -0.3 0.04
Potato dishes (3.1%) —0.33 0.03

The negative correlation coefficients mean that a higher value of consumption of these
sets is associated with a steeper negative slope value i.e., more weight loss.

As for the changes in patient preferences, we computed the significant trends of weight
ratios of the most important sets (i.e., those with a weight ration over 3%) over the first
90 days, separately in the SWL vs. UWL sub-groups, with a slope > 1%/90 days. The
results are shown in Table 5.

Table 5. Significant temporal trends of weight ratios of the most important dietary sets, in the
successful weight loser (SWL) and the unsuccessful weight loser (UWL) sub-groups.

. . Trend Slope
Set Name (Avg. Weight Ratio) Sub-Group (/90 Days) p
Raw fruits and vegetables (21.7%) SWL 3.51 <0.001
Raw or cooked/steamed vegetables (19.2%) UWL 3.15 0.02
. o SWL 297 <0.001
Raw fruits (11.1%) UWL 340 <0.001
Processed meat products with fat content < 23% (3.7%) SWL —1.44 <0.001

Please note that the set ‘Raw or cooked/steamed vegetables’ is the union of the sets
‘Raw vegetables’ and ‘Cooked/steamed vegetables” and the set ‘Raw fruits and vegetables’
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28%

26%

24%

22%

20%

18%

16%

14%

12%

10%

is the union of the sets ‘Raw vegetables’ and ‘Raw fruits’, so these two sets are overlapping.
A negative trend slope in Table 5 marks a decreasing trend.

As an example, the weight ratio of the most important raw vegetable/fruit set is
illustrated in Figure 3, averaged for the SWL (with a significant trend) and UWL (with no
significant trend) sub-groups, in the function of the time.

=—SWLGroup =—UWL Group

1357 91113151719212325272931333537394143454749515355575961636567697173757779818385

Figure 3. Averaged weight ratio in daily consumption of the ‘Raw fruits and vegetables’ set, in
the successful weight loser (green line) vs. unsuccessful weight loser (red line) sub-groups. The
horizontal axis shows observation days.

As for linear regression results, due to the high level of correlation (66%) between
the dietary fiber ratio and the raw fruits and vegetables ratio, only the latter was included
among the independent variables. For WCP, we could not build a meaningful model due
to the low level of explained variability. For the WL slope, the best model included the
age, adherence rate and the raw fruits and vegetables ratio as independent variables with
an adjusted explained variance R? = 41%. The coefficient of the age was 0.34 (p < 0.001,
relative importance 64%), while the coefficient of the raw fruits and vegetables was —0.20
(p = 0.016, relative importance 24%). The effect of the adherence ratio was not significant
and the gender was not selected into the model. These results prove a strong negative effect
of the patients” age on weight loss success, a higher age being linked with a less steep WL
slope (due to the positive coefficient), and a weaker, but substantial positive effect of fruits
and vegetables consumption on the rate of weight loss.

We note that the WL slope model used only the data of the 45 patients with a significant
WL trend, and an extreme outlier was also omitted from the model to conform to the
assumptions of the regression test, resulting in n = 44. However, repeated tests also
including the outlier confirmed the results.

3.3. Statistical Analysis Results—Secondary Hypothesis

In the control group, the average weight at startup of those who finished the trial was
96.1 + 20.17 (min. 64.6, max. 138.4) kg, the average BMI was 34.1 &+ 5.67, and the average
90-day weight loss was 1.8 &= 2.94 kg (1.72% of the startup body weight). A paired samples
t-test found that the weight decrease was significant (p < 0.001).
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A two-sample t-test found that there was a significant difference in the 90-day weight
loss percentages between the control group and the intervention group (p < 0.001); i.e., we
observed more weight loss (5.06% of the startup weight) in the intervention group.

4. Discussion

We experienced a statistically significant 90-day weight loss of 6.3 kg (5.06% of the
startup weight) over the whole intervention group, significantly more than in the control
group (1.78%), which is a very clear and positive result, showing the added value of more
intensive coaching combined with dietary logging supported by information technology.
Compared to similar studies, this result is close to the 7.8 kg reported by [13], over a
12-week intervention period and using a smartphone app—which is also quite similar to
our study design. Other studies reached this weight loss range only after a 6-month-long
intervention period [10-12,14]. Weight loss is usually attributed primarily to the reduced
energy intake. Though we observed a difference between the average energy intake of
the successful and the unsuccessful groups, this difference was not statistically significant
in our sample, nor were the differences between the two time periods. However, we did
observe the significant effect of food composition on weight loss success.

Though the weight loss results are similar, a distinguishing feature of our study is a
detailed and cleaned dietary log for the whole observation period in the intervention group,
which made it possible to analyze relationships between diet composition and success
in this group. We found the following dietary food groups to influence weight loss in a
statistically significant way.

Raw fruit and vegetable consumption is the best success predictor. The raw fruit and
vegetable food set is the one of all sets that has been consumed the most by the participants
(21.7%, see Tables 4 and 5). It also proved to be the best predictor of success. This is
shown by its correlation with the WL slope in the whole cohort (Table 4) and its increasing
volume over the trial within the SWL sub-group. Moreover, this set was also selected in the
linear regression model that successfully predicted the WL slope as a positive factor. This
finding is in line with our expectations and confirms the study hypotheses. Consumption
of vegetables and fruits is generally recommended as a dietary component for weight
loss, healthy balanced nutrition, and various therapeutic diets, including weight loss,
dietary therapy for diabetes, and cardio-protective diets [16,28]. Nutritional guidelines
recommend consuming approximately 400-500 g of vegetables and fruits daily, equivalent
to 4-5 servings, to ensure optimal dietary intake [28,29].

A subset of this set, the raw fruit set, was also identified as a contrast between the
SWL and UWL sub-group, with significantly increasing volumes in the former group
and decreasing volumes in the latter (Table 5). Clinical experience suggests that obese
patients and individuals with diabetes often avoid consuming fruits, influenced by outdated
educational materials, although fruits in their raw, unprocessed form are considered a
food with low-energy density and low to medium glycemic index [30]. Consumption of
fruits in unprocessed form results in slower gastric emptying, thus helping to maintain
a feeling of fullness, as it was also proven in a study using MRI scans after raw apples,
apple puree and apple juice [31], confirmed by [32]. The fact that supplementing the diet
with raw fruit can support weight-loss success in low energy diets was also reported by a
12-week-long study in which obese women consumed a dietary supplement three times a
day on an energy-restricted diet, as the best results were linked with the consumption of
raw fruits; i.e., apples or pears [33]. The detailed analysis of the dietary logs in our study
also revealed that the most often recorded raw fruit was apples, which, besides having low
energy content, also possess a favorable carbohydrate composition. It should be noted that
according to related studies, the anti-obesity effect of fruit consumption can be influenced
by various mechanisms, such as the water and fiber contents facilitating satiety [34].

As for the specific effects of food composition on MetS management, most of the
evidence reported so far is also related to fruits and vegetables. Fibers in vegetables and
fruits are known to have a beneficial physiological effect by slowing down the absorption of
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carbohydrates, resulting in a more favorable glycemic response [8]. More recently, research
focused on the effect of fibers on the microbiota. A high fiber diet increases the diversity
and volume of the microbiome, including probiotics that produce short-chain fatty acids
(SCFA) during fiber fermentation [27,35]. With respect to MetS management, butyrate
is the most remarkable SCFA, as it seems to be effective in the treatment of obesity and
insulin resistance by several mechanisms: it increases insulin sensitivity, pancreatic insulin
secretion and leptin secretion, and it has also anti-inflammatory effects [36,37].

Processed meat products and poultry dishes. According to Table 5, we recorded a signifi-
cantly decreasing trend of processed lean meat products in the SWL group. Though we
limited the fat content of foods assigned to this set to 23% in line with national recom-
mendations, this set can still contain relatively fatty items. Such foods have been shown
to increase the risk of cardiovascular and cancerous diseases in several studies [15,16,38].
Current research also suggests that the consumption of processed meat foods increases the
risk of obesity, attributed not only to the overall fat content and consequently high energy
content of these products, but also to their high saturated fatty acid content and other
components as well [39-41]. Since our study also involved MetS patients, we must mention
a recent study involving obese women, in which participants were divided into two groups:
metabolically healthy obesity phenotypes (MHO) and metabolically unhealthy obesity
phenotypes (MUHO) [42]. The study reported that those consuming more processed meat
foods showed a higher likelihood of MUHO phenotypes. Therefore, we can conclude that
in this respect, our study generally confirmed the findings of other recent studies.

Nevertheless, we also found that the consumption of poultry dishes was correlated
with a steeper weight loss slope (Table 4). We can explain this phenomenon if we consider
poultry as an alternative to red meats, which, either processed or unprocessed, have been
associated with an increased risk of MetS in related studies [15,16,28,43], while poultry,
with its low fat and high protein content, was found to support weight loss [43].

Finally, potato dishes. We found the same strength of correlation between the potato
dishes set and the WL slope as for the Raw fruits and vegetables set. It is a well-known phe-
nomenon in clinical practice that patients, in their pursuit of weight loss, eliminate starchy
side dishes, particularly “the evil potato”. Our findings corroborate the recommendations
of the American Diabetes Association’s plate method, which suggests consuming 25% of
starchy foods in main meals [1,44]. Recent studies also suggest that the resistant starch
content of potatoes is beneficial for the microbiota, thereby supporting weight loss [45].
Finally, the evaluation of data from the Framingham Offspring Study concluded that potato
consumption (including fried and non-fried types) did not increase cardio-metabolic risk
in middle-aged and older adults [46], further confirming our results.

The role of age is substantial. Our study found a statistically significant and strong
connection between the age and the slope of the WL trend: higher age was a predictor
of less successful weight loss. According to the Harris Benedict equation, energy require-
ments decrease with advancing age for both genders [47]. In general, clinical experience
suggests that older obese patients typically face greater challenges in weight loss due to
mobility issues resulting from musculoskeletal conditions associated with excess body
weight, which often restrict their physical activity and thereby limit their energy expendi-
ture. There are, however, quite contradictory results published in the literature from similar
studies. In a multi-center, randomized controlled clinical trial involving 1685 participants
who self-monitored their physical activity, followed a reduced-energy diet in accordance
with the Dietary Approaches to Stop Hypertension (DASH) guidelines and participated
in behavioral therapy interventions, surprisingly, individuals aged 60 and above exhib-
ited significantly greater initial weight loss compared to younger groups, and this trend
persisted throughout the additional 3 years of the study [48]. In another 400-participant
observational, open, prospective study, participants engaged in a 12-month online weight
loss program where energy intake was reduced by 15% and physical activity was increased.
The program resulted in the same weight loss across age groups [49]. Compared to these
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studies, our study confirms the general clinical expectation, with a distinctive feature that
we applied linear regression analysis.

Dietary intervention involves behaviour changes which in old age can be hindered by
lack of peer support, motivation, health literacy and financial resources [50]. As nutrition
is part of our identity [51], changing it in old age is particularly difficult and challenging
for both the dietitian and the patient. Therefore, the intervention designed for older adults
should be more personalised, offering low-cost, seasonal food recipes and group dietetic
education sessions, as well as implement any change in very small steps, with dietary
suggestions adapted to the patient’s preferences.

After 90 days, the volunteers were offered to extend their participation in the trial
to six months or more, and ca. 40% of them accepted this offer. These volunteers could
preserve their weight loss success. However, currently we do not yet have enough data to
assess the long-term sustainability of the results. In the future, we plan to introduce this
kind of rehabilitation in routine clinical practice with a long term (some years) follow-up
period. Other studies also suggest that the longer the intervention, even with a low or
gradually decreasing effort, the lower the chance is for a relapse [52].

A strength of our approach is the classification of logged items into elaborate food set
hierarchies, which was made possible by a sophisticated dietary expert database. Compared
to other studies, another unique feature is the analysis of significant temporal trends in
weight loss and in food set preferences.

A limitation of our study is that due to COVID-19 restrictions, we could not randomize
the selection of the control group, which decreases the reliability of the control-intervention
comparison. However, by the formation of the successful vs. unsuccessful weight loser sub-
groups within the intervention group, we could still perform meaningful and statistically
relevant group level comparisons. This can be regarded as added value aside from within-
subject trend analysis results.

We also think that the moderate sample size (cf. Table 1) of our study is somewhat
counterbalanced by the longer and more detailed dietary logs; i.e., we have more data
per patient.

The differences between the control and the intervention group consisted of more
intensive coaching, telemedicine and dietary logging; however, our study design did not
make it possible to separate these effects. Similarly, we have not measured the patient or
expert satisfaction with the specific features of the telemedical platform, though we believe
that the effective and intuitive graphical user interface is the key to success. Comparing
our solution to similar studies reported in the literature is also very hard because the
available information is scarce, and the related studies were using a variety of apps and
telemedical designs, cf. the intervention summary of related studies in Appendix A. A
recent guideline on rehabilitation also underlines the lack of standardization of telemedical
solutions [53]. In the future, more and specifically designed studies are needed to identify
the most effective solutions.

The dietary database needs continuous extension by adding new foods as they appear
on the market. Similarly, new cooking technologies such as hot air frying may influence
the dietary features of standard recipes in the database, leading to a bias in the dietary logs.
These issues were identified during the follow-up consultations, and the proper logging
alternatives were recommended to the patient.

5. Conclusions

Our positive results justify the viability of new, telemedically supported treatment
protocols for diet-based therapy for chronic non-communicable diseases. The short dietary
coaching sessions in the intervention group proved an efficient and low cost method to
support weight loss, and, together with the instant feedback features built in the mobile
app, contributed to the continuous education of the patients.
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The strong evidence in favor of the raw fruits and vegetables in our study calls for
more, larger-scale randomized controlled trials focusing on this food group, especially the
raw, seasonal products instead of extracts or juices, in order to yield more robust therapeutic
evidence. More specific results on other, less frequently consumed food groups, or the
efficiency of specific telemedical features could be expected from follow-up studies with
more participants over a longer observation period.
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Appendix A

Table Al. Summary weight-loss-related data of relevant studies.

: Baseline BMI
Study (n) Duration (kg/m?, in the Weight Intervention Weight Loss
(MOnthS) L
oss Group)
My Meal Mate mobile app for
Carteretal, 2013[11] 128 6 337 ?e‘:g{;rc‘l‘jjica““/’;?e’k‘f;y"““"““g' —50kgCl —6.7 to —3.3
text messages
. Bodykey mobile app, wireless
gﬁgﬁgﬂv 40 3 30.2 + 2.66 body weight scale —78+ 046 kg
and accelerometer
Turner et al FatSecret mobile app, wearable
28176['126] ak, 81 6 334 +48 Bite Counter device, behavioral —6.8+0.8kg
advice in twice-weekly podcasts
Ross et al., 2016 [10] 80 6 27-40 ;ﬁggfﬂﬁkappl4““mmmd —64412kg
Markkanen et al., 200 6 344 +28 Weight monitoring, food and —2.5%,95% CI —3.4 to —1.6

2023 [14]

exercise logs, free text reports

CI = 95% Confidence Interval, BMI = Body Mass Index.
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Appendix B

Table A2. Food and dish sets used in the study.

Category

Set

Dietary Effect

Foods

Plant-based foods

Raw vegetables

+

Raw fruits

+

Unsalted nuts and seeds

+

White bread and bakery products

Whole grain bread and bakery products

Whole grain cereals (oats, rye flakes)

Bread spreads

Margarine

High SFA content fats (butter, lard)

Milk and dairy products

Milk

Kefir, yogurt

Cottage cheese

Cheese

Processed meat

<23% fat content

>23% fat content

Sweets, salty snacks

Sugar sweetened

Sugar fee (with artificial sweetener)

Salty snack (chips, crackers)

Beverages

Sugary drinks

Zero calory drinks: top water, mineral water,
zero cola

Alcoholic drinks

Added sugar

Dishes

Plant-based dishes

Vegetable dishes (soups, stews)

Legume (soups, stews)

Processed fruit (soups, sauces)

Potato sides

Rice sides

Noodles, pasta

Low Gl sides (brown rice, buckwheat)

Animal-source dishes

Fish dishes (except fried fish) and canned fish

Egg

Poultry

Red meat

Offal (liver, heart, bone marrow)

Fast food restaurant meals

Fried foods (French fries, fried cheese, fried chicken)
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