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Abstract

Background/Objectives: Stress is a pervasive modern challenge that contributes to serious health
problems and affects a significant proportion of the population. This study examines the effectiveness
of a lifestyle intervention called Individual Health Management (IHM) with a blended learning
approach in reducing stress, as a possible solution to this problem. Methods: Participants
experiencing stress were enrolled in a monocentric randomised controlled trial. The intervention
group received the IHM programme and was monitored for 12 months. After six months, a primary
comparison was conducted with a waitlist control group, who then also received the intervention.
Additional crossover analyses were employed. The main outcome measure was the change in
subjective stress (Perceived Stress Questionnaire, PSQ) from baseline after six months. Secondary
outcomes included further stress- and mental load-related parameters. Results: The intervention
group achieved normal stress levels, with a 41% reduction, while the control group experienced a 9%
reduction. The adjusted mean difference on the PSQ between groups was -21.02 points (95% CI: -
27.34, -14.70), accounting for baseline values and gender. Secondary outcomes also improved
significantly. Conclusions: The IHM has multiple moderate to strong effects on mental health,
resulting in clinically normal distress scores that can persist for up to one year.

Keywords: Intensive Lifestyle Intervention (ILI); Traditional Chinese Medicine (TCM); Individual
Health Management (IHM); perceived stress; TALENT-II study

1. Introduction

Mental health is a key factor in the success of both individuals and society. The growing
incidence of mental health issues, including anxiety and depression, puts a strain on healthcare
systems and diminishes individuals' quality of life. This results in an increased demand for care and
a greater disease burden [1]. It is therefore important to provide targeted support to improve mental
health and quality of life.

Psychological distress is characterised by symptoms of stress, anxiety, and depression. These
symptoms often occur together and are associated with an increased risk of cardiovascular disease,
mental health disorders and premature death [2,3]. Experiencing distress has also been linked to
negative outcomes such as neglecting physical exercise, increased alcohol consumption and smoking,
disrupted sleep patterns, and adopting an unhealthy diet [4]. This is why there is growing academic
and clinical interest in the relationship between 'lifestyle factors' and mental health and psychological
well-being.

Physicians and other healthcare providers should be able to care for their patients — and
themselves — by not only treating cases of acute or chronic illness, but also by implementing
strategies to prevent mental and physical disorders. This type of intervention, also known as 'lifestyle
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medicine', is healthier, more cost-effective and can be performed by more people [5]. Numerous
experts have developed health programmes to promote healthy behaviours, and health policy
initiatives now call for lifestyle behaviours to be addressed. Further research into efficacy and
implementation is necessary to develop innovative and successful programmes for lifestyle-based
interventions, where other evidence-based therapies can be incorporated.

For this reason, the clinical effectiveness of a tailored lifestyle self-management intervention
called the Individual Health Management (IHM) programme will be tested in relation to stress
reduction. This has already been described in detail elsewhere [6-9]. The IHM is based on
salutogenesis and the health-illness continuum theory. It aims to strengthen self-determination, self-
competence, and personal responsibility for health and illness in individuals who are both 'healthy'
and 'unhealthy'. The programme addresses psycho-cognitive, physical and social factors equally,
promoting self-efficacy. Self-management is a central element of the IHM programme, enabling
individuals to maintain and optimise their basic physiological functions (e.g. exercise, nutrition,
breathing, sleep, and heat balance), as well as their psychosocial and cognitive abilities (e.g. emotional
self-regulation and social competence), in their daily lives. The IHM helps individuals sustainably
increase, maintain or restore their quality of life and life satisfaction by promoting a healthy lifestyle
[8,9]. This is achieved via a blended learning programme lasting at least 12 months, combining
modern e-health technologies with personal support in the form of health coaching, health days,
remote support and medical advice and treatment if necessary. As a local pilot project, the study is
supported by AOK Bayern (the General Health Insurance Fund of Bavaria), in cooperation with the
TCM (Traditional Chinese Medicine) Clinic Bad Kétzting. This stress prevention study (TALENT II)
is part of a network programme designed to improve health services in specific spa regions in Bavaria
[6,7]. The sustainability of the IHM approach has already been demonstrated in the context of weight
loss through comprehensive lifestyle change [10,11]. In the TALENT I study, the IHM intervention
resulted in a significant weight loss of 10% of baseline weight after one year [10].

Similarly, the web-based lifestyle intervention programme used in IHM has now been
successfully implemented in a specialised spa region for people experiencing stress [6,7]. The
TALENT II study aims to evaluate the efficacy of the IHM lifestyle intervention in reducing perceived
stress by strengthening mental health resources such as sense of coherence (SOC), well-being and
vitality, and by supporting the regulation of autonomic functions.

2. Materials and Methods

2.1. Study design

This randomised, two-arm, controlled, monocentric, interventional clinical trial was conducted
at the SINOCUR Prevention Centre in Bad Koétzting, Germany. The centre is part of a centrally
coordinated health promotion network called THM Campus'. The study compared an intervention
group (IHM) with a control group who were placed on a six-month waiting list for the IHM
programme. All participants underwent a main observation period of six months, with the
intervention group undergoing further longitudinal examinations until the end of the 12-month
lifestyle programme. Additionally, patients in the waiting list group were compared with themselves
after receiving the intervention, using a crossover design. The study was pre-registered with the
German Clinical Trials Register Freiburg (DRKS, file number DRKS00013040, registration date 1
October 2017). Participants were required to provide written informed consent. The study protocol
was submitted to the Ethics Committee of the Medical Faculty of the Technical University of Munich
(TUM) for review of ethical and legal compliance, as the TUM is responsible for the principal
investigator.

2.2. Recruitment and participants

The health insurance company AOK Bayern recruited 84,134 participants via written
correspondence. Of the 2,684 who completed the online health survey, 623 participants (31.9%)
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showed no signs of stress. Participants were included if they scored at least 3.20 on the TEDIUM
measure (indicating moderate stress or pre-burnout), scored more than 41 on the Perceived Stress
Questionnaire (PSQ), and had experienced stress for more than three months. Participants were
excluded if they met any of the following criteria: lack of legal capacity; insufficient knowledge of
German; lack of private internet access; a body mass index (BMI) of less than 17.5; the need for
psychiatric or psychotherapeutic treatment; known health problems (e.g., diabetes, heart disease or
liver or kidney disease); pregnancy or lactation; or participation in another clinical trial within the
last six months. The TEDIUM questionnaire revealed that 878 people (45.0%) exhibited significantly
elevated stress levels indicating pre-burnout, while 427 people (21.9%) exhibited burnout (TEDIUM
score 24.5). Two hundred and fifty participants who met the initial study requirements and were
willing to participate were invited to meet with the study physician to receive further information
and undergo an eligibility assessment. Randomisation, sample size calculation and further details of
the study protocol were described by Melchart et al. (7). Due to difficulties arising from the pandemic,
the estimated sample size of 136 (o =0.05, two-sided, power = 80%, expected dropout rate = 5%) could
not be achieved. The recruitment and allocation of participants is illustrated in the CONSORT study
flowchart (Figure 1).
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Figure 1. CONSORT study flowchart: Due to corona, data for month 3 is missing in two cases. However, these
participants did not drop out of the study and were not excluded, as the reason for the missing data was not
related to the study.
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2.3. Intervention

The 12-month IHM lifestyle intervention programme includes various phases and training
packages, supported by a web-based health portal (viterio.de). During the first three months,
participants receive intensive lifestyle counselling: three health days (induction phase) and ten
weekly after-work seminars (training phase). This is followed by a nine-month maintenance phase:
weekly monitoring by health coaches, remote lifestyle counselling as needed, and half-day refresher
courses (see Figure 2). Successful participation is defined as attending seven of the ten after-work
seminars and at least three of the four refresher days between months three and twelve.

MO M3 M6 M9 M12

S OO

3 health days 10 after work sessions (2h) 4 refresher seminars & coaching
(incl. weekly monitoring)

Phase 1&2 Phase 3 Phase 4

Screening & introductory Daily-routine Maintenance
programme programme programme

Figure 2. Schematic course of the IHM: Illustration of the structure and timeline of the Individual Health

Management (IHM) intervention across its phases.

The intervention takes a blended learning approach, combining group sessions, one-to-one
counselling and a personalised web-based health portal (www.viterio.de). Through the online portal,
participants can access personalised feedback in the form of written reports and graphs detailing
their progress. This feedback includes time and mood analysis, as well as information on lifestyle
changes, behavioural adjustments and emotional regulation. Training content includes self-
awareness exercises, quality of life optimisation, a six-minute and two-kilometre walking test, '3-1-2'
Qigong relaxation techniques, time and sleep management, and information on stress, resilience,
mood regulation and diet. There is also information on health behaviours related to physical activity
and nutrition, as well as individual goal setting. Further details of the IHM intervention programme
can be found in previous publications [7,8].

2.4. Outcomes

The primary outcome measure is subjective stress, as determined by the total PSQ score. This is
compared between the IHM and CG groups at six months and at baseline. The secondary outcome
parameters include various self-report questionnaires, such as those measuring tedium, psycho-
vegetative complaints, mental stress and burden (ISR; [12]), the visual analogue scale for well-being
(WHO-5; [13]), vitality and self-efficacy, optimism and pessimism (SWOP; [14]), sense of coherence
(13 items;[15] and life satisfaction (FLZ; [16]). During the baseline examination, sociodemographic
data is documented. Adverse event occurrence is recorded at each physical examination.

2.5. Statistical analysis
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At six months, perceived stress (PSQ total score) was the primary outcome, and was evaluated
using ANCOVA to assess intervention effects, adjusting for baseline scores and gender (5% two-sided
significance level). The intention-to-treat (ITT) population included participants with baseline PSQ
data. Multiple imputation by chained equations (MICE) with ten imputed datasets was used to
handle missing data. Descriptive and inferential analyses were conducted on the multiply imputed
datasets and pooled using Rubin's rules. Degrees of freedom were calculated via Barnard and Rubin's
method. Effect sizes (Cohen's d and partial eta?) and standard deviations were averaged across
imputations. Sensitivity analyses included a per-protocol approach (complete cases only). Additional
t-tests were conducted to assess changes within- and between-group over time. Secondary outcomes
were analysed in a similar way using the ITT sample. All tests were two-tailed at a = 0.05. No
correction for multiple testing was applied due to the exploratory nature of secondary outcomes. For
sample sizes >30, t-tests were applied regardless of normality, supported by the central limit theorem
[17]. Non-parametric tests were used where appropriate.

3. Results

3.1. Sociodemographic and baseline characteristics

A total of 77 participants were included in the study: 38 (49%) were assigned to the intervention
group and 39 (51%) to the control group. The control group was 89.7% female, while the intervention
group was 76.3% female. This difference was significant (p < 0.001). The mean age was 45.18 years
(SD = 11.35) in the control group and 44.32 years (SD = 10.05) in the intervention group (p = 0.725).
The total PSQ score at baseline was similar in both groups. However, the groups differed in terms of
the 'joy' subscale of the PSQ (p = 0.015, d = 0.57). No significant differences were observed between
the groups for other parameters (see Table 1).

Table 1. Baseline demographic and clinical characteristics.

Intervention Group  Control Group Between group In total
(n = 38) n=39) differences (n=77)
mean SD mean  SD p mean SD
Age (years) 44.32 10.05 4518 11.35 0.725 44.75 10.67
n % n % P n %
Female 29 76.3 35 89.7 <0.001*** 64 83.1
Male 9 23.7 4 10.3 13 16.9
School education 0.529
No school-leaving certificate 0 0.0 1 2.6 1 1.3
Secondary ge.neral school 15 405 1 8.2 2% 340
certificate
Intermediate school certificate 15 40.5 19 48.7 34 44.7
University entrance qualification 6 16.2 8 20.5 14 18.4
Other degree 1 2.7 0 0.0 1 1.3
Vocational education 0.207
No completed vocational training 4 10.8 4 10.3 8 10.5
Completed apprenticeship 23 62.2 18 46.2 41 54.0
Vocational School 7 18.9 11 28.2 18 23.7
University of applied science 1 2.7 3 7.7 4 5.3
University degree 0 0.0 2 5.1 2 2.6
Other degree 2 5.4 1 2.6 3 3.9
Employment status 0.748
Employed 34 91.9 35 89.7 69 90.8
Temporarily retired 1 2.7 0 0.0 1 1.3
Retired 0 0.0 2 5.1 2 2.6
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Employed without remuneration 1 2.7 1 2.6 2 2.6
Without specification 1 2.7 1 2.6 2 2.6
Living condition 0.286
Individual household 5 13.5 9 23.1 14 18.4
Multi-person household 32 86.5 30 76.9 62 81.6
Smoking 0.720
No 35 92.1 35 89.7 70 90.9
Yes 3 7.9 4 10.3 7 9.1
Alcohol 0.417
No 36 94.7 35 89.7 71 92.2
Yes 2 5.3 4 10.3 6 7.8
PSQ mean SD mean SD p mean SD
Total score 62.11 11.30 62.74 13.19 0.822 62.42 12.22
Worries 51.23 18.61 51.97 17.58 0.859 51.60 17.98
Demands 64.03 22.49 57.78  18.88 0.191 60.87 20.84
Joy 36.67 14.52 28.03 15.83 0.015* 32.29 15.71
Tension 69.82 14.35 69.23 18.14 0.874 69.52 16.27
Secondary outcomes
Tedium-Measure Burnout 4.19 0.54 433 054 0.266 4.26 0.54
Psycho-vegetative
. 56.74 13.86 53.72 13.12 0.330 55.21 13.48
complaints
ISR total scores 1.13 0.51 1.07 0.42 0.560 1.10 0.47
General mood state severity
58.82 15.24 53.69 15.12 0.143 56.22 15.30
(VAS)
Well-being (WHO-5) 7.89 3.65 10.56  10.48 0.140 9.25 7.95
Vitality (SF-36) 35.00 15.55 37.69 1534 0.447 36.36 15.40
Self-etficacy (SWOP) 12.21 2.73 1141 245 0.180 11.81 2.61
Optimism (SWOP) 5.32 1.36 474 125 0.058 5.03 1.33
Pessimism (SWOP) 5.00 1.19 500 119 1 5.00 1.18
Sense of Coherence (SOC) 54.53 9.16 5454  9.44 0.995 54.53 9.25
Life satisfaction (FLZ) 33.34 27.37 2997  26.70 0.587 31.64 26.91

Note. The table 1 shows the sociodemographic characteristics of the intervention (IHM) and control (CG) groups,
including means and standard deviations (SD), p-values from independent between-group comparisons using
either a t-test or a Wilcoxon-rank-sum test for categorial parameters, and overall means and SD for the total
sample. Please note that data for one participant (IHM) is missing for education, employment details and living

conditions due to a technical error.

3.2. Dropout and missing data

In the intervention group, the dropout rate was 18.4% (seven out of 38 participants) by the end
of the sixth month. Three participants dropped out before month 3, four by month 6, and two by
month 12. By the end of the 12-month intervention, 29 of the original 38 participants had completed
the study. In the control group, the dropout rate by month six was 7.7% (three out of 39 participants).
Due to technical difficulties, one participant's PSQ data was lost, resulting in 35 complete PSQ
observations in the control group and 31 in the intervention group by month six. The main reason for
dropping out of the study was the Covid-19 pandemic.

3.3. Primary outcome

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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Based on our pilot study, we had expected to observe significant differences between the groups,
with an average reduction of 18 points in the IHM group and 9 points in the control group (7).
However, only 77 participants could be recruited for the study. Nevertheless, the total PSQ score of
the IHM group for the ITT population decreased by an average of 25.25 points (95% CI [-30.77, -
19.72]), indicating a 41% reduction. This demonstrates a substantial effect size (t(37) = -9.26, p <0.001,
d = -1.55). Notably, the mean score of 36.86 after six months of intervention is below the normal
clinical threshold of 41.5. In contrast, the average score of the control group decreased by 5.41 (95%
CI [-9.43, -1.39]), representing a 9% reduction. However, this reduction had only a small effect, and
the mean score remains clinically abnormal (t(38) = -2.72, p = 0.010, d = -0.45). Although both groups
showed a significant reduction in their total PSQ scores, the intervention group experienced a notably
larger effect size compared to the control group (CG) (t(67.49) = -5.96, p < 0.001, d = -1.38), with an
average reduction of -19.84 (95% CI [-26.47, -13.20]).

To validate the results further, we performed the same analysis with the per-protocol (PP)
population. The effect within the IHM group (mean change = -24.46) and the difference between
groups (mean difference = -19.42) were similar to those observed in the ITT population (t(30) = -8.15,
p <.001, d =-1.70; t(52.26) = -5.43, p <0.001, d = -1.37, respectively).

To fully assess the impact of the intervention over a 12-month period, we conducted a within-
group comparison within the IHM group. Remarkably, the intervention demonstrated sustained
efficacy, resulting in significant improvements by month 12 (t(37) = -10.33, p < 0.001, d = -1.70). On
average, the PSQ total score decreased by 41% at month 6 and by 45% at month 12. Similar results
were observed in the PP population (see Table 2). Overall, the IHM group derived substantial benefit
from the intervention, whereas the control group exhibited the natural course of the disease, which
did not reach clinical significance. Figure 3 shows the difference in PSQ total score at each time point.

MO M3-MO M6-MO M9-Mo M12-M0
100- 60 Deline
d 40

80§
o |4 d 220 | ;
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Figure 3. Perceived Stress: Distribution of mean differences from baseline (M0) after three months (M3), six
months (M6), nine months (M9) and twelve months (M12) per group (CG = control group, IHM = intervention
group; no imputation). The dashed line indicates no change. Values above the line show a decline and values

below the line an improvement. White circles represent the mean, black lines and circles the median.

3.4. PSQ subscales

When examining the mean differences for the ITT population between the IHM group and the
CG on the subscales at six months, significant differences with large effect sizes were observed for all
sub-dimensions: worries (p < 0.001, d =-1.04); demands (p < 0.001, d =-0.88); joy (p <0.001, d = 1.02);
and tension (p < 0.001, d = -1.26). Furthermore, within-group analyses revealed that the IHM group
exhibited substantial improvements in all dimensions after six and 12 months. In contrast, the CG
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showed significant changes only for the joy and tension sub-dimensions, with small effect sizes. See

Table 2 for a more detailed overview of the statistical results.

Table 2. Findings from the statistical analysis of the PSQ, broken down by time point and group.

Intervention group (n = 38)

Control group (n = 39)

Between groups

ANCOVA

Parameter estimate

Mean SD AMO Col:;ns Mean SD AMO COI:;nS lV[Ael\a/[r:]c[l;g)ZteCI};:e Col:iens for group factor
[95% CI]
PSQ total score ITT
MO 6211 11.30 62.74 13.19 -0.63 [-6.21; 4.95]
M3 4471 1495 -17.39 -1.13** 59.06 15.88 -3.68 -0.33. -13.72[-20.14;-7.30] -1.02** -14.70[-20.94; -8.45]
M6 36.86 1546 -2525 -1.55*** 5732 15.60 -5.41 -0.45** -19.84[-26.47;-13.20] -1.38*** -21.02 [-27.34; -14.70]
M9 36.84 1571 -2527 -1.37***
M12 3390 1443 -28.20 -1.70**
Sensitivity analysis for PSQ total score PP
M3 4476 1544 -17.71 -131** 5919 16.43 -424 -027% -13.48[-19.84;-7.11] -1.01"* -14.20[-20.54;-7.85]
M6 37.15 1670 -24.46 -1.70*** 5757 16.06 -5.05 -0.34* -19.42[-26.10;-12.43] -1.37*** -20.51 [-27.48; -13.54]
M9 36.04 1739 -25.80 -1.78***
M12 3391 15.88 -28.79 -2.13***
PSQ worries ITT
MO 51.23 18.61 51.97 17.58 -0.74 [-8.96; 7.48]
M3 3474 1497 -16.49 -0.92** 4887 19.68 -3.09 -0.18 -13.40[-21.80;-4.99] -0.76™* -14.36[-21.87;-6.84]
M6 2719 1656 -24.04 -1.18** 4778 2045 -419 -024 -19.85][-28.85;-10.85] -1.04*** -21.48 [-29.61; -13.36]
M9 2575 17.49 -2547 -1.24***
M12 2430 1553 -26.93 -1.38%**
PSQ demands ITT
MO 64.04 2249 57.78 18.88 6.26 [-3.16; 15.68]
M3 4579 22.04 -1825 -0.87*** 5648 23.03 -1.30 -0.08 -16.95[-26.56;-7.33] -0.89"** -15.96[-25.19;-6.73]
M6 4260 23.60 -21.44 -1.09*** 5291 20.87 -487 -0.27 -16.57[-25.82;-7.31] -0.88*** -15.33 [-24.47; -6.19]
M9 4500 23.95 -19.04 -0.79***
M12 3930 20.81 -24.74 -1.30***
PSQjoy ITT
MO 36.67 14.52 28.03 15.83 8.63 [1.73; 15.54]
M3 5079 1946 1412 078" 3537 1721 733  0.52* 6.79 [-1.18; 14.76] 0.42. 10.16 [2.19; 18.14]
M6 60.18 19.83 2351 1.28%* 3390 1891 5.86  0.37* 17.65[9.07; 26.22]  1.02***  21.51 [12.58; 30.44]
M9 6170 20.19 25.04 1.13"**
M12 62.07 20.71 2540 1.18%*
PSQ tension ITT
MO 69.82 14.35 69.23 18.14 0.59 [-6.85; 8.03]
M3 49.11 1799 -20.72 -0.96*** 66.26 2059 -2.97 -0.18 -17.75[-26.97;-8.52] -0.91"* -18.48 [-26.92;-10.03]
M6 37.82 1827 -32.00 -1.39*** 6251 22.64 -6.72 -0.41* -25.28[-34.91;-15.66] -1.26*** -25.87 [-35.04; -16.70]
M9 3830 21.68 -31,53 -1.24***
M12 34.09 18.17 -35,74 -1.56**
Note: The table shows t-test results comparing the IHM and CG, as well as paired t-tests assessing changes over

time. For each time point, mean scores (+ SD), mean change scores from baseline (AMO), effect sizes (Cohen's d:

<.05 small, 0.5-0.8 medium, >0.8 large) and p-values (Significance: p <0.05%, p <0.01**, p <0.001***) are reported.

Between-group mean differences and 95% confidence intervals (Cls) are presented, along with the parameter

estimate for the group factor from the ANCOVA model, adjusted for baseline scores and gender. SD values and

Cohen's d for the intent-to-treat population (ITT) were calculated from multiply imputed data as the mean value

across imputations. A sensitivity analysis based on the PP sample is also included. The sample size for each
month is as follows: IHM: M3 n =35, M6 n =31, M9 n =29, M12 n=29; PP: M3 n =35, M6 n=35.
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3.5. Analysis of Covariance

To investigate the influence of the intervention on group variance while controlling for
covariates, an ANCOVA was conducted using the intention-to-treat (ITT) population. The
intervention accounted for 38% of the variance between the two groups and was found to have a
significant effect on perceived stress scores (b =-21.02, p <0.001). Although gender had no significant
impact on changes in PSQ scores, baseline values had a modest significant effect (b =-7.16, p = 0.104;
b =-0.35, p = 0.008, respectively).

Using the per-protocol (PP) population, the intervention's effect was slightly lower, accounting
for 34% of the variance (b = -20.51, p < 0.001). Additionally, neither baseline PSQ scores nor gender
had a significant impact on variance (b = -0.28, p = 0.055; b = -5.79, p = 0.237, respectively). Table 3
provides a summary of the results.

Table 3. ANCOVA results for the differences between month 6 and month 0 adjusted for gender and baseline

values.
ANCOVA results Estimate SE df [95% CII t p par. n?
ITT population
Intercept 30.37 11.29 61.81 [7.81; 52.93] 2.69 0.009
Group (IHM/CC) -21.02 3.17 68.04  [-27.34;-1470] -6.63 <0.001 0.38
PSQ baseline score -0.35 013 67.74 [-0.61; -0.10] -2.73  0.008 0.10
Gender -7.16 434 6344 [-15.84; 1.52] -1.65  0.104 0.04
PP Population
Intercept 17.73 10.37 62 [-2.99; 38.45] 1.71  0.092
Group (IHM/CC) -20.51 3.49 62 [-27.47;-13.54]  -5.89 <0.001  0.34
PSQ baseline score -0.28 0.14 62 [-0.56; 0.01] -1.96 0.055 0.06
Gender -5.79 4.85 62 [-15.48; 3.90] -1.20  0.237 0.02

Note: the table shows the estimated marginal means (+ standard error and 95% confidence interval (CI)) for the
intent-to-treat (ITT) and per-protocol (PP) populations, alongside the ANCOVA model results including the
intercept, group (control group (CG) vs. intervention group (IHM)), perceived stress baseline score (PSQ) and
gender as predictors. The associated p-value for each variable in the model indicates statistical significance, and
partial eta squared (par. n?) reflects the effect size by representing the proportion of variance explained by that
variable after accounting for other factors. For the ITT population, partial n? was calculated from multiply

imputed data as the mean value across imputations.

3.6. Cross-over analysis

Due to the small sample size, an additional single-group crossover trial was conducted. In this
study, we compared the original control group (who were previously on a waiting list) with the same
participants after they had received the intervention (the new IHM group). We applied the same
statistical analyses to the primary outcome as in the RCT described above, adjusting for the crossover
design by modelling participant ID as a random effect in the ANCOVA and using paired t-tests.

The results of the crossover analysis were slightly less robust but consistent with those of the
RCT. Using the ITT population, we observed an 8% reduction in the PSQ total score for the CG at six
months (mean change =-5.05, 95% CI [-8.99, -1.10]). After the intervention, the same group's PSQ total
score decreased by a further 33% (mean change =-18.74, 95% CI [-15.95, -6.11]). While both reductions
were statistically significant, the effect size was small during the waiting period and substantial after
the intervention (CG: d = -0.44, p = 0.014; IHM: d = -0.99, p < 0.001). When we compared the mean
difference between the groups at six months, we observed a significant improvement in the IHM
group characterised by a large effect size (d = -0.88, p = 0.001). Notably, scores returned to clinically
normal levels on average after six months of intervention, mirroring the experience observed in the
IHM group in the RCT. The result for the per-protocol population was comparable to that in the
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imputed data. (See Table 4.) Supplementary Figures 1-2 show the comparison of the mean differences
from baseline at all time points as well as the mean PSQ total scores for all groups at all time points.

Table 4. Cross-over: Statistical results for the comparison between and within groups.

Intervention group (n = 35) Control group (n = 35) Between groups ANCOVA
Cohen’s Mean difference Parameter est. for
M SD AMO M SD AMO Cohen’sd Cohen’s d
ean d ean OneMS & AMo95% CIll Y group [95% CII
PSQ total score ITT
MO0 57.57 16.06 62.62 13.17

M3 4654 2072 -11.03 -0.80** 5837 1592 -425  -0.39* -678[-12.42;-1.14] -054*  -7.64 [[12.94; 2.34]
M6 3883 2223 -1874 099 5757 1606 505 -044r  OOLZLTA- g ggn 152312236
5.64] 8.10]

M9 4568 21.70 -11.89 -0.69***

M12 3580 1858 -21.77 -157%**

Sensitivity analysis for PSQ total score PP

M3 4624 2087 -1161 -0.59** 5838 1596 -441  -029* -6.67[1210;-123] -0.55* -7.72[-12.83;-2.60]

137812204~ o 1556 [-22.75;-
5.51] 8.36]

M6 3833 22.08 -19.11 -0.96*** 57.57 16.06 -5.05 -0.34%

M9 4481 2335 -11.16 -0.52**
M12 3447 18.07 -21.60 -1.22%**

Note: this table summarises the results of dependent samples t-tests, which compare the new intervention group

(IHM) with the control group (CG), and paired samples t-tests, which assess changes within groups over time.
For each time point, the following are reported: mean scores (+ standard deviation, SD); mean change scores
from baseline (AMO); effect sizes (Cohen’s d: <0.05 small effect, 0.5-0.8 medium effect, >0.8 large effect); and p-
values (significance: p < 0.05% p < 0.01**, p < 0.001***). Between-group mean differences with 95% confidence
intervals (Cls) are presented, along with the parameter estimate for the group factor from the ANCOVA model,
adjusted for baseline scores and gender. SD values and Cohen's d for the intent-to-treat (ITT) population were
calculated as the mean value across multiply imputed data. A sensitivity analysis based on the per protocol (PP)
sample is also included. The sample sizes for the PP for each month are as follows: IHM: n = 35 for M0, n =31
for M3, n =30 for M6, n =26 for M9, n =25 for M12; CC: n =34 for M3, n = 35 for M6 (data missing for one person

between time points due to Corona).

3.7. Secondary outcomes

The IHM group showed significant improvements compared to the CG on all secondary
outcomes except for pessimism after six months (see Table 5 for total scores and the supplementary
material for a detailed overview of sub-dimensions). Within-group analyses of the IHM intervention,
comparing scores at 12 months, consistently demonstrated significant improvements in all mental
and psychological factors. These effects were more pronounced than those observed at six months.
Table 5 and Supplementary Figure 3 summarise the main statistical findings. Supplementary Tables
S1 to S3 provide a more detailed breakdown of the sub-dimensions. The statistical results are
presented below, structured by psychological domain.

3.8. Stress profile

Significant improvements were observed between the groups after six months of the
intervention, favouring the IHM group. Large effect sizes were found for all burnout sub-dimensions,
as well as for the total score (total score: d = -1.34, p < 0.001; discouragement: d = -1.22, p < 0.001;
exhaustion: d =-0.99, p <0.001; loss of motivation: d =-1.26, p <0.001; see Table 5 and Supplementary
Table S1).

Psycho-vegetative complaints also significantly improved, with a large effect size (total score: d
=-1.24, p <0.001). After six months, moderate between-group differences emerged in the sleep (d =-
0.64, p =0.010) and dizziness (d =-0.72, p = 0.004) sub-dimensions. Notably, the IHM group exhibited
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greater improvement in sleep quality (d = -1.16, p < 0.001) and dizziness (d = -0.91, p < 0.001),
particularly after 12 months. This suggests an increasing difference between the groups over time
(see Tables 5 and Table S1 in the Supplementary Material).

3.9. Mental stress and burden

Remission of mental load between 0 and 6 months was particularly evident in the significance
values of the anxiety and depression sub-dimensions of the ISR (ICD Symptom Rating), with
medium-to-high effect sizes (d = -0.79, p = 0.002; d = -0.76, p = 0.001, respectively). The total score
showed a significant mean reduction of 0.32 between groups (d = -0.76, p = 0.001; see Table S2).

3.10. Psychological Resource Profile

Similar positive results were found for the WHO-5 Well-Being Index, which is an early indicator
of depression (d =1.28, p <0.001), as well as for vitality (d = 1.11, p <0.001), self-efficacy (d =0.78, p =
0.002) and optimism (d = 0.81, p =0.002) (SWOP). There was no significant difference between groups
for pessimism after six months (p = 0.386). However, pessimism improved considerably for the IHM
group after 12 months (d =1.78, p <0.001). Significant differences in sense of coherence were observed
between the groups, favouring the IHM group for the total score as well as for all subdimensions
(total score: d = 1.07, p < 0.001; meaningfulness: d = 0.88, p < 0.001; comprehensibility: d = 0.83, p =
0.005; manageability: d = 0.64, p = 0.016). The IHM group also showed significant improvements in
overall life satisfaction (d = 0.81, p=0.001), particularly in the areas of friends/acquaintances (d =0.73,
p =0.004), leisure activities/hobbies (d =0.74, p=0.003) and health (d =0.78, p=0.004). For an overview
of all results, see Table S3.

3.11. General Mood State Severity (VAS)

The general mood state severity index also showed large, significant improvements for the IHM
group compared to the CG (d = -1.58, p <0.001; see Table 4).

Table 5. Results for the main secondary outcomes.

Intervention group (n = 38) Control group (n = 39) Between groups ANCOVA
Cohen’s Mean difference Cohen’s Parameter est. for
d AMO [95% CI] d group [95% CI]

Mean SD AMO Cohen’sd Mean SD AMO

Tedium-Measure (Burnout): total score

MO0 419 0.54 433 0.54

M3 342 075 -0.77 -1.15* 419 071 -0.14 -0.25 -0.63[-0.92;-0.35] -1.03*** -0.69 [-0.98, -0.40]
M6 299 071 -120 -150** 4.06 0.70 -0.27 -0.46** -0.94[-1.26;-0.61] -1.34*** -1.06[-1.36, -0.75]
M9 275 0.68 -145 -1.71**

M12 274 073 -145 -1.77***

Psycho-vegetative complaints total score
MO0 56.74 13.86 53.72 13.12

M3 4192 14.01 -14.82 -1.03** 5198 14.86 -1.74 -0.19 -13.08[-18.81;-7.35] -1.08*** 13.08 1843, -

7.63]
-18.21 [-25.06; - v -17.99[24.34, -
M6 3558 1543 -21.15 -124** 5077 1508 -2.94 -0.25 11361 1.24 1164

M9 3441 1412 -22.33 -1.25%*
M12 31.07 1445 -25.67 -1.48***
ISR: total score
MO 1.13 0.51 1.07 0.42
M3 087 047 -026 -0.66** 1.07 047 0.00 0.01 -0.27 [-0.44, -0.10]  -.072**  -0.29 [-0.44, -0.14]
Meé6 072 043 -041 -0.85*** 098 037 -0.09 -0.25 -0.32 [-0.52,-0.12] -0.76** -0.33 [-0.48, -0.17]
M9 066 041 -047 -0.99***
M12 053 036 -0.61 -1.21***
WHO well-being index
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MO 7.89 3.65 926 4.73
M3 1286 528 497 095 996 534 071 0.16 4.26 [1.94, 6.58] 0.86***  3.85[1.59, 6.11]
M6 1503 428 7.14 @ 1.42% 9.67 518 041 0.08 6.73 [4.31,9.15] 1.28"*  6.05[3.88, 8.22]

M9 1461 592 6.71 1.13%**
M12 1582 425 792  1.65**
Vitality

MO 35.00 15.55 37.69 15.34

M3 5208 2054 17.08 0.82**  40.31 20.59 2.62 0.17 14.46 [5.34, 23.59] 0.79*  14.79 [5.96, 23.62]
M6 6058 19.37 2558 1.06™*  40.17 19.06 2.47 0.15 23.10 [4.88,13.35]  1.11** 22.49 [13.66, 31.32]
M9 6005 2237 25.05 1.03**

M12 6355 1844 2855 1.17**

Self-efficacy (SWOP)
MO0 1221 2.73 11.41 245
M3 1326 270 1.05 047 1212 233 0.71 0.37 0.34 [-0.73, 1.41] 0.16 0.70 [-0.34, 1.75]
M6 1459 253 238 0.89%* 11.83 228 042 0.19 1.96 [0.74, 3.17] 0.78** 2.49 [1.41, 3.56]

M9 1504 288 2.83 1.10**
M12 1547 244 326  1.23***
Sense of Coherence (SOC): total score

MO0 5453 9.16 5454 9.44
M3 60.10 11.74 5.57 0.51** 5522 11.06 0.68 0.08 4.89 [0.25, 9.53] 0.50* 5.36 [0.85, 9.89]
M6 6461 1159 10.08 1.01*** 5476 11.18 0.22 0.02 9.87[5.00,14.73]  1.07** 10.04 [5.17, 14.91]
M9 6590 10.61 11.38 1.03***
M12 65.23 11.16 10.71  0.90***

Life satisfaction (FLZ): total score

MO0 3334 2737 29.97 26.70
M3 4251 2583 9.17 0.33. 4024 26.70 1026 0.50**  -1.09[13.32,11.14] -0.04  1.00[-9.84, 11.84]
M6 5990 2828 2656 0.75*** 3313 2640 3.16 0.16 23.40 [9.63,37.16]  0.81** 27.53 [15.77, 39.30]
M9 6350 29.29 30.16 0.91%**
M12 6293 3275 29.59  .83***

General mood state severity (VAS)

MO 58.82 15.24 53.69 15.12

19.75[-29.29, - 0o 1745 [-26.08, -
10.20] 8.81]

-32.88 [-42.76, - Lagees 29713774, -
22.99] ) 21.68]

M3 3670 16.16 -22.11 -1.18** 51.33 20.87 -237 -0.11

M6 29.88 1492 -28.93 -1.45** 57.64 17.16 3.94 0.18

M9 30.86 1820 -27.96 -1.20***
M12 2850 15.63 -30.32 -1.33***

Note: This table summarises the results of independent samples t-tests comparing the intervention group (IHM)

and the control group (CG), as well as the results of paired samples t-tests assessing changes within each group
over time. For each time point, the following are reported: mean scores (+ standard deviation, SD); mean change
scores from baseline (AMO); effect sizes (Cohen’s d: <0.05 small effect, 0.5-0.8 medium effect, >0.8 large effect);
and p-values (significance: p < 0.05%, p < 0.01**, p < 0.001***). Between-group mean differences with 95%
confidence intervals (Cls) are presented, along with the parameter estimate for the group factor from the
ANCOVA model, adjusted for baseline scores and gender. All samples are based on the intent-to-treat (ITT)
population. SD values and Cohen's d were calculated as the mean value across multiply imput.

3.12. Adverse events

Participants who dropped out before the end of the third month are not included in the list. This
leaves 35 participants in the IHM group and 37 in the CG group. A total of 26 adverse events (AEs)
were reported: 11 in the IHM group and 15 in the CG group. None were serious. Twenty-two of the
26 AEs were not related to the study and four were classified as being completely unrelated.
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4. Discussion

Stress-related illnesses and disorders are prevalent in the general population and in primary
healthcare settings, resulting in high rates of long-term sick leave [18,19]. The primary objective of
the present study was to demonstrate the effectiveness of our programme in reducing perceived
stress levels six months after the intervention, compared to those in the control waiting list group.
This was measured using the Perceived Stress Questionnaire (PSQ), a widely used self-reporting tool
for assessing perceived stress [20]). Six months after the start of the intervention, significant
reductions in perceived stress levels were achieved, with an effect size of d = 1.38, as measured by
the total PSQ score (M6) compared with the baseline value (M0). Although both groups showed
reduced PSQ scores after six months, the effect was significantly and clinically more pronounced in
the IHM group. Furthermore, group assignment alone explained 34-38% of the variance in the
difference in total PSQ scores. In contrast, baseline scores ranging from 41.67 to 81.67 only had a
medium effect on variance (10%), which decreased further to become non-significant when the per-
protocol (PP) population was used instead of the intent-to-treat (ITT) population. These findings
suggest that the intervention is appropriate for a wider range of patients with varying stress levels.
Moreover, the lack of significant gender differences in the variances suggests that the uneven gender
distribution between the groups did not substantially influence the results. However, the potential
impact of gender and baseline stress levels on the observed effects requires further investigation.
Sensitivity analyses and the crossover analysis confirmed the primary hypothesis, demonstrating a
significant difference between groups regardless of the method employed. In all cases, mean
perceived stress (PSQ) scores in the IHM group decreased significantly, reaching clinically normal
levels (<41.5) within six months. Remarkably, these low levels were maintained for up to 12 months,
with further improvements observed at six and 12 months (-41% and -45%, respectively).

The PSQ-Score outcome was broadly consistent with that of an internet-delivered, therapist-
supported online cognitive behavioural therapy (CBT) treatment, which Lindsdter et al. [21]
compared with a waiting list group. After six months, a strong effect size was observed in the PSQ,
albeit smaller than in our study: Cohen's d = 1.09. A recent study by Sennerstam et al. [22] compared
internet-delivered CBT with a lifestyle programme, finding no clinical differences in reducing
perceived stress symptoms (Cohen's d = 1.19 vs. 1.06). These findings support our own and indicate
that lifestyle-based interventions can be as effective as internet-delivered CBT in reducing perceived
stress.

According to Lindsater et al. [23]and Sennerstam et al. [24], patients with adjustment disorders
(AD) in the International Classification of Diseases (ICD-11) typically experience symptoms such as
persistent worry, sleep disturbances, and somatoform complaints, while those with exhaustion
disorders (ED) are more likely to suffer from cognitive impairment and pronounced fatigue.
Although these categories differ in symptom emphasis, considerable overlap exists across mental
health disorders. This suggests that interventions targeting stress-related symptoms, such as the
present lifestyle-based, blended learning approach, may be applicable to these diagnostic groups
more broadly.

Psychological distress and long-term stress exposure are progressive health problems that have
also been linked to an unhealthy lifestyle, decreased quality of life and reduced well-being. Such
lifestyle factors include physical activity and sedentary behaviour [4,25,26], dietary patterns and body
mass index (BMI) [27,28], sleep problems [29] and smoking [30]. All of these factors may influence
stress, depression and anxiety. The increase in mental health issues requires the consistent promotion
of resilience and stress management, as well as lifestyle-based prevention programmes. Our IHM-
Lifestyle Programme takes a salutogenic approach to encourage a positive attitude in patients,
helping them to cope with everyday stressors and to promote their quality of life. The programme
also helps patients to manage their attitudes, behaviour, symptoms and disease.

Furthermore, our secondary analyses revealed that our comprehensive lifestyle intervention
reduced stress levels and improved various aspects of mental and physical health. This included a
significant reduction in symptoms of mental distress, such as depression and anxiety. There were
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also improvements in functional somatic symptoms and neurovegetative functions, such as
orthostatic dizziness, sleep regulation, and overall mood severity. The study also demonstrated that
psychological resources, including well-being, vitality, life satisfaction, sense of coherence, self-
efficacy, and optimism, were advantageous. Large within-group effect sizes were observed for most
of these indicators from pre- to post-treatment, as well as significant between-group results compared
with the waiting list group. These results were maintained at the 1-year follow-up.

A systematic review and meta-analysis by Amiri et al. [31] examined the effect of lifestyle
interventions on depression, anxiety, and stress in randomised controlled trials. The findings
revealed that adopting a healthy lifestyle improves mental health and significantly reduces stress,
with pronounced effects in patients with depressive symptoms and in women. Changes to lifestyle,
such as increased exercise, a healthier diet and improved sleep quality, can effectively reduce stress
by lowering cortisol levels and increasing endorphins [32,33]. Furthermore, the findings suggest that
psychological factors, such as increased mindfulness and improved sleep quality, may have a positive
impact. This is particularly relevant given that sleep disturbances are closely linked to cognitive
impairments, such as memory lapses and attention deficits, which may act as mediators between
insomnia and emotional disorders, such as anxiety and depression [34].

However, the effectiveness of such interventions depends not only on the basic methodology,
but also on how they are implemented. Lifestyle interventions can take the form of personal guidance
during seminars and courses, personal training or internet-based training, either alone or in
combination. In this context, Brinsley et al.'s [35] meta-analysis and review of digital lifestyle studies
is interesting. The primary outcome was the change in symptoms of mental disorders from pre- to
post-intervention. Compared to the results of our study, the authors found small to moderate effects
for depression, small effects for anxiety and stress, and no effects on well-being.

The IHM programme uses a combination of teaching methods, such as classroom teaching
supplemented by personal online support, as part of a blended learning approach. This approach
may be more effective than face-to-face or online instruction alone. However, previous research [36-
38] has demonstrated that, while internet-based interventions provide short-term stress relief, they
do not lead to long-term benefits. However, longer interventions involving refresher seminars
require greater commitment from participants, which likely contributed to the higher dropout rate
observed in our study. This emphasises the importance of balancing intervention intensity with
participant engagement to ensure both effectiveness and adherence.

4.1. Strengths and limitations

One strength of our study is that we recruited a whole cohort of insured individuals from a
statutory health insurance fund that covers a large area around a clinic. There were no prior
restrictions based on symptoms or conditions. Although we were able to reach many people, the
outbreak of the pandemic made it difficult, and sometimes impossible, to recruit participants for face-
to-face training groups. Consequently, the randomisation process did not involve the desired number
of participants, resulting in an imbalanced gender distribution. Despite falling short of our target
sample size, the IHM group successfully reduced perceived stress, as expected.

5. Conclusions

IHM is an effective intervention for reducing stress and improving other aspects of mental
health, with positive effects lasting up to a year. Further research is recommended to investigate the
parameters of the intervention and its long-term effects. Finally, it is important to consider how best
to integrate lifestyle programmes into service delivery.

Supplementary Materials: The following supporting information can be downloaded at the website of this
paper posted on Preprints.org. Figure S1: Cross-over analysis: A comparison of the mean differences for all time
points (without using imputation); Figure 2: The mean total PSQ values at each time point (without imputation);

Figure S3: All outcomes: Distribution of mean differences (change score) at each time point per group (without
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imputation); Table S1: Results for the stress profile; Table 52: Results for the mental stress and burden (ISR);
Table S3: Results for the psychological resource profile.
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