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Abstract
Introduction: The prevalence of obesity is high and increas-
ing worldwide. Obesity is generally associated with an in-
creased risk of chronic disease and mortality. The objective 
of the study was to test the effect of a lifestyle intervention 
on body weight and other chronic disease risk markers. 
Methods: A non-randomized controlled trial was conduct-
ed, including mostly middle-aged and elderly participants 
recruited from the general population in rural northwest 
Germany (intervention: n = 114; control: n = 87). The inter-
vention consisted of a 1-year lifestyle programme, focussing 
on four key areas: a largely plant-based diet (strongest em-
phasis), physical activity, stress management, and commu-
nity support. Parameters were assessed at baseline, 10 
weeks, 6 months, and 1 year. The control group received no 
intervention. Results: Compared to the control, in the inter-
vention group, significantly lower 1-year trajectories were 
observed for body weight, body mass index (BMI), waist cir-
cumference (WC), total cholesterol, calculated LDL choles-

terol, non-HDL cholesterol, remnant cholesterol (REM-C), 
glucose, HbA1c, and resting heart rate (RHR). However, be-
tween-group differences at 1 year were small for glucose, 
HbA1c, and cholesterol (apart from REM-C). No significant 
between-group differences were found for 1-year trajecto-
ries of measured LDL cholesterol, HDL cholesterol, triglycer-
ides, insulin, blood pressure, and pulse pressure. Conclu-
sion: The intervention successfully reduced body weight, 
BMI, WC, REM-C, and RHR. However, at 1 year, effectiveness 
of the intervention regarding other risk markers was either 
very modest or could not be shown.

© 2021 The Author(s).
Published by S. Karger AG, Basel

Introduction

Worldwide, the prevalence of obesity has been in-
creasing for several decades, and the situation has been 
described as a pandemic [1, 2]. In Germany, as in many 
other countries, more than 20% of adults have obesity [1]. 
Obesity is generally associated with an increased risk of 
chronic diseases and, in the general population, increased 
cardiovascular disease (CVD) and all-cause mortality [3, 
4]. Complex reasons for obesity have been proposed, and 
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there is a range of factors to consider in terms of the aeti-
ology of obesity [1, 2, 5, 6]. While such environmental, 
psychological, and metabolic factors can constitute barri-
ers to putting a healthy lifestyle into practice [1, 7], the 
actual implementation of healthy lifestyle patterns could 
drastically lower the public health and individual burdens 
of obesity [8]. Lifestyle intervention programmes can 
serve as effective tools for addressing such barriers [9].

While diet and physical activity both are important for 
weight loss, diet can be considered the most critical factor 
[1, 10]. An effective lifestyle approach to address obesity 
may be the recommendation to follow a plant-based diet, 
i.e., a dietary pattern that is centred around health-pro-
moting foods of plant origin [11–13]. A traditional Medi-
terranean diet is one example of such a plant-based dietary 
pattern which is focused on high intakes of fruit, vegeta-
bles, whole grains, legumes, nuts, seeds, and healthy oils 
[14]. Unless alcohol or oil intake is excessive, such a di-
etary pattern is high in fibre, has a low caloric density 
(compared to a typical “Western” dietary pattern), and 
promotes a healthy body weight [15]. In contrast, dietary 
interventions that focus on caloric restriction [16–18] are 
frequently unsuccessful in the long term [1] and may leave 
the individual constantly hungry [19], which may then re-
sult in a relapse to previous dietary behaviours [20]. Fur-
thermore, dietary weight loss strategies with a simplistic 
focus on low-fat [21, 22] and low-sugar products [1] may 
be flawed and may even have adverse effects [21]. Certain 
plant-based foods such as nuts/avocados (high-fat) and 
fruits (high-sugar), which are generally regarded as 
healthy, would be excluded, if solely macronutrient com-
position is considered, instead of considering both mac-
ronutrient content as well as overall food quality.

Lifestyle interventions can improve health behaviour, 
including diet [23], physical activity [24, 25], smoker sta-
tus [26], and possibly sedentary behaviour [27, 28]. Life-
style interventions have been shown to improve disease 
risk markers, including body weight, body mass index 
(BMI), blood pressure, fasting blood glucose, and HbA1c 
[23, 29, 30].

While education-based lifestyle interventions can be 
effective [25], it is likely that effectiveness can be increased 
if interventions also incorporate strategies for offering 
practical guidance [31, 32] and for increasing partici-
pants’ motivation [33]. The use of nudging, goal setting, 
and progress monitoring, for example, can motivate par-
ticipants and increase adherence to recommendations 
[34, 35]. Furthermore, social support can facilitate suc-
cessful lifestyle modification [10]. In contrast, body 
weight stigma is harmful and may promote the psycho-

logical issues that are frequently related to unhealthy eat-
ing practises and obesity [36, 37].

Frequently, lifestyle interventions have been able to 
demonstrate only short-term successes [38]. In addition, 
many dietary interventions have only assessed short-term 
outcomes (∼3–4 months), and many have exclusively fo-
cused on certain dietary components (fruit, vegetables, 
fat, etc.) rather than whole dietary patterns [32]. Further-
more, many controlled studies lack a no-intervention 
control group [32], and while high-risk individuals are of-
ten recruited for lifestyle programmes, community-based 
interventions are more inclusive, can reach individuals 
outside of conventional healthcare settings, can provide 
expertise not easily accessible otherwise to citizens, and 
can have a snowball effect on the wider community [39].

Against this background, we hypothesized that a life-
style intervention would effectively improve body weight 
and other chronic disease risk markers in a community-
based setting, i.e., in a heterogeneous sample of partici-
pants from the general population (most of whom were 
clinically healthy). The objective of the study was to test 
the effectiveness of the intervention in the context of 
community health promotion.

Materials and Methods

Study Design
We conducted a non-randomized, controlled intervention tri-

al between April 2018 and October 2020. Measurements were tak-
en at baseline, 10 weeks, 6 months, and 1 year. Planned measure-
ments for 18 months and 2 years could not be included due to the 
COVID-19 pandemic (18-month time point: uneven time delays; 
intervention: September 2019, 17 months; control: June 2020, 20 
months; results including the 18-month time point are shown in 
online supplementary Table 1 [for all online suppl. material, see 
www.karger.com/doi/10.1159/000521164]; 2-year time point: in-
tervention: July 2020; no assessment in the control group). Par-
ticipants were recruited from the general population in rural 
northwest Germany (intervention group: February 2018; control 
group: September 2018; as described previously [40]).

The intervention consisted of a healthy lifestyle programme, 
whereas the control group received no intervention. Participants 
were not blinded. Staff performing laboratory assessments were 
unaware of group allocation. Participants were not randomized 
because the intervention and control groups were recruited in two 
separate municipalities. The reason for this was that participants 
of the control group were meant to be unaware of the contents of 
the intervention. As we were unable to recruit and start both study 
arms at the same time, the control group study arm started and 
finished 6 months later (start: October 2018) than the intervention 
group (start: April 2018), with equivalent follow-up intervals in 
both groups. The study was registered in the German Clinical Tri-
als Register (DRKS; reference: DRKS00018775; www.drks.de).
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Participants
Participants were mostly middle-aged and elderly. The only in-

clusion criteria were the physical and mental ability to take part in 
the study (self-reported) and to be ≥18 years old. For the interven-
tion, a total of 114 and for the control group, a total of 87 partici-
pants were recruited (shown in Fig. 1).

Lifestyle Programme
The lifestyle intervention (Healthy Lifestyle Community, co-

hort 2) consisted of an intensive phase (first 10 weeks) and a less 
intensive phase (remainder of the study). The intensive phase con-
sisted of 14 seminars (each with ∼70–100 participants and 3–4 
health professionals) and 8 workshops (duration: ∼2 h each, as 
described previously [40]). During the seminar breaks (∼15 min), 
healthy snacks were provided (first by the research team, then in-
creasingly by the participants), for example, whole-grain bread 
with plant-based spreads, salads, fruit, nuts, etc. Seminar topics 
included causes and development of lifestyle-related diseases, risk 

factors, lifestyle choices, and behaviour change (based on Prochas-
ka’s model of change [26, 41] and transtheoretical model [42, 43]). 
The seminars also included practical interactive sessions (∼10–30 
min; for example, cooking, exercise, meditation, and group work). 
Evidence-based content was presented using tangible examples 
and everyday language, while including vivid study materials 
(printed; basic literacy level) and employing the concepts of nudg-
ing [34] and gamification [44]. In one seminar, issues related to 
sex-specific diseases (such as postmenopausal weight gain and 
prostate cancer) were discussed in separate groups for women and 
men to provide a safe space for questions [45]. Seminars and work-
shops were conducted by our research group. Lifestyle choices 
were addressed in four key areas: diet, physical activity, stress man-
agement, and community support [13]. The strongest emphasis 
was on dietary change, with the recommendation of a healthy, 
plant-based diet [11, 16]. Specifically, recommendations were to 
consume more fruit, vegetables, whole grains, legumes (including 
soya foods), nuts, seeds, and healthy oils (such as cold-pressed ol-

93 evaluable
Included in analyses of changes
from baseline to 1 year

54 evaluable
Included in analyses of changes
from baseline to 1 year

Dropouts between 10 weeks
and 1 year (n = 10)
- Voluntarily left study (n = 10)

Dropouts between 10 weeks
and 1 year (n = 7)
- Voluntarily left study (n = 7)

Excluded (n = 3)
- Other missing values (n = 3)

Excluded (n = 2)
- Other missing values (n = 2)

106 evaluable
Included in analyses of changes
from baseline to 10 weeks

63 evaluable
Included in analyses of changes
from baseline to 10 weeks

Dropouts between baseline
and 10 weeks (n = 4)
- Voluntarily left study (n = 4)

Dropouts between baseline
and 10 weeks (n = 10)
- Voluntarily left study (n = 10)

Excluded (n = 2)
- Missing baseline values (n = 2)

Excluded (n = 2)
- Missing 10-week values (n = 2)

112 assigned to intervention group 75 assigned to control group

Declined to be enrolled (n = 2)
- Much lower age (n = 2)

Declined to be enrolled (n = 12)
- No perceived benefit (n = 12)

114 recruited for intervention group 87 recruited for control group

Fig. 1. Flow chart of participants through 
the study.
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ive or rapeseed oil) and to decrease the intake of meat (including 
red meat and poultry), butter, full-fat dairy, eggs, salt, and added 
sugars as well as to avoid alcohol excess [12]. There was no spe-
cific target in terms of the percentage of calories from different 
macronutrients. Non-dietary lifestyle recommendations included 
to be physically active for at least 30 min per day, to establish re-
laxation routines, and to spend more time with others (specific 
recommendations were not given in these areas).

Participants received a healthy lifestyle handbook, a recipe 
booklet, and a laminated information sheet with an overview of the 
lifestyle recommendations. They also took part in two one-on-one 
coaching sessions (∼15 min each; at baseline and 10 weeks).

Assessment of Parameters
Measurements and blood sampling were all performed in the 

morning and in the fasted state. All analyses of blood samples were 
conducted at the University Hospital of Münster (measurement 
protocols are listed in online suppl. Table 2). Semi-quantitative 
3-day protocols were used to assess dietary intake: these included 
tally sheets for individual foods (with portion sizes), categorized 
by food groups (cereals and cereal products; vegetables and mush-
rooms; legumes and legume products; fruit; dairy; meat and fish; 
potatoes, side dishes, and sauces; cakes, sweets, and snacks; ready-
made meals; nuts and seeds; fats and oils; drinks; salt and sugar; 
and other foods/meals). The food protocols also contained several 
illustrated portion sizes (using examples such as “a handful” and 
“the size of your palm”) and included two weekdays and one week-
end day. The food protocols were tailored to the study population 
but were not validated. Adherence to dietary recommendations 
was assessed with the plant-based diet index (PDI), healthful PDI 
(hPDI), and unhealthful PDI (uPDI) [46] (due to the nature of our 
data, instead of reverse scores based on quintiles, as described by 
Satija et al. [46], we used positive and negative scores based on food 
portions; for example, for the calculation of the PDI score, all ani-
mal-source food portions were subtracted from all plant-based 
food portions). These indexes are based on 18 food groups. High-
er scores for PDI and hPDI and lower scores for uPDI are consid-
ered favourable. Dietary recommendations in our study were part-
ly based on the hPDI. Socio-demographic parameters and physical 
activity (in categories) were assessed using questionnaires.

Study Hypotheses
The primary hypothesis of the study was that in a heteroge-

neous sample from the general population (living lab approach), 
the intervention would lead to significantly reduced body weight, 
within the intervention group and compared to control, both at 10 
weeks and at 1 year. Similarly, secondary hypotheses were that the 
intervention would significantly reduce (compared to control) 
BMI, waist circumference (WC), total cholesterol (TC), measured 
LDL cholesterol (LDL-C), calculated LDL-C, triglycerides (TAG), 
glucose, HbA1c, insulin, systolic and diastolic blood pressures 
(BPs), and resting heart rate (RHR). HDL cholesterol (HDL-C) 
was assessed exploratively. The analyses of non-HDL cholesterol 
(non-HDL-C), remnant cholesterol (REM-C), and pulse pressure 
(PP) were non-prespecified.

Statistical Analyses
A sample size calculation was performed based on change in 

body weight, the primary outcome parameter of the study. This 
calculation was based on data from a pilot study with a prototype 

version of the lifestyle programme (as described previously [40]). 
Assuming a dropout rate of at least 10%, a minimum sample size 
of 93 participants (intervention: 62; control: 31) was indicated to 
reach a global power of 0.8 and a global significance level of 0.05.

For between-group comparisons of baseline characteristics, 
Fisher’s exact test was used for categorical variables. The indepen-
dent t test was used for normally distributed variables, and the 
Mann-Whitney U test for non-normally distributed continuous 
variables. The Shapiro-Wilk test was used to assess data for non-
normality, and p < 0.05 was defined as describing a non-normal 
distribution. To evaluate within-group changes, a paired t test was 
used for normally distributed data, and the Wilcoxon test was used 
for non-normally distributed data. All tests were two-sided.

For the analyses of changes from baseline to 10 weeks, between-
group differences were assessed with a one-way analysis of covari-
ance (ANCOVA). For the analyses of changes from baseline to 1 
year, a one-way repeated-measures ANCOVA was used, using po-
tential confounders as covariates.

Bivariate correlations were assessed with Spearman’s rho cor-
relations (two-sided). Analyses were based on unimputed data 
(complete case analysis [CCA]). In sensitivity analyses, imputed 
data (last observation carried forward [LOCF]) were used. Blind-
ing was not feasible for statistical analysis. The analysis strategy 
was intention to treat (participants were included in analyses ir-
respective of compliance). Statistical significance was consistently 
set at the 0.05 level. All analyses were conducted using IBM SPSS 
Statistics (version 25.0; Armonk, New York, NY, USA).

Results

Baseline Characteristics
The flow of participants through the study is shown in 

Figure 1. These participants were included in the analyses 
(CCA).

Compared to the control, at baseline, the interven-
tion group had a higher mean age (p = 0.003), higher 
educational level (p = 0.002), and higher mean REM-C 
(p = 0.015) (Table  1). In addition, the intervention 
group had a higher (more favourable) baseline hPDI 
score compared to the control (p < 0.001). Baseline al-
cohol intake frequency and physical activity levels were 
not significantly different between groups (p > 0.05). In 
terms of other characteristics, both groups were similar 
(Table 1).

For both groups combined, those with missing values 
(non-evaluable participants) were more likely to have 
obesity (p = 0.046), to be male (p = 0.035), or to be smok-
ers (p = 0.010). They had a higher body weight (p = 0.009) 
and WC (p = 0.028), higher REM-C (p = 0.020), TAG (p 
= 0.018), and insulin (p = 0.031) as well as lower HDL-C 
(p = 0.001). In the intervention group, those with missing 
values were more likely to be smokers (p = 0.009) and had 
lower HDL-C (p = 0.013). In the control group, those with 
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missing values were more likely to be male (p = 0.027), 
had a higher body weight (p = 0.008) and WC (p = 0.017), 
higher REM-C (p = 0.014), and lower HDL-C (p = 0.048).

Seminar Attendance
Seminar attendance during the 10-week intensive 

phase of the intervention was relatively high: 75 out of 106 
participants evaluable for 10-week analyses (70.8%) and 

69 out of 93 participants evaluable for 1-year analyses 
(74.2%) attended ≥11 (out of 14) seminars.

Changes in Body Weight and Risk Markers from 
Baseline to 10 Weeks (Intensive Phase; CCA)
Compared to the control, from baseline to 10 weeks in 

the intervention group, statistically significant reductions 
were observed for body weight, BMI, WC, TC, measured 

Table 1. Baseline characteristics of evaluable participants (CCA)

Characteristics Intervention group (n = 93) Control group (n = 54) p value#

Men, n (%) 29 (31.2) 19 (35.2) 0.716a

Age at baseline, years 59.3±0.9 55.1±1.3 0.003b

Body weight, kg 81.3±1.9 83.1±2.7 0.578b

BMI, kg/m2 27.6±0.5 28.1±0.8 0.882b

Waist circumference, cm 98.7±1.5 96.1±2.2 0.327c

Overweight, n (%) 63 (67.7) 35 (64.8) 0.721a

Obesity, n (%) 25 (26.9) 14 (25.9) 1.000a

Smoker status, n (%) Never: 52 (55.9) Never: 27 (50.0)
0.319aEx: 32 (34.4) Ex: 17 (31.5)

Smoker: 9 (9.7) Smoker: 10 (18.5)
Marital status, n (%) Married: 75 (80.6) Married: 48 (88.9)

0.452a
Partner (unmarried): 5 (5.4) Partner (unmarried): 1 (1.9)
Single (not widowed): 9 (9.7) Single (not widowed): 2 (3.7)
Single (widowed): 4 (4.3) Single (widowed): 2 (3.7)
Missing data: 0 Missing data: 1 (1.9)

Educational level, n (%) Lower secondary school: 19 (20.4) Lower secondary school: 20 (37.0)

0.002a
Secondary school: 40 (43.0) Secondary school: 15 (27.8)
University entrance qualification: 16 (17.2) University entrance qualification: 16 (29.6)
University degree: 18 (19.4) University degree: 2 (3.7)
Missing data: 0 Missing data: 1 (1.9)

TC, mg/dL 207.4±4.0 208.3±6.2 0.901c

LDL-C (measured), mg/dL 132.9±3.8 139.5±6.0 0.327c

LDL-C (calculated), mg/dL 120.7±3.8 124.1±5.7 0.601c

Non-HDL-C, mg/dL 141.3±4.4 144.9±5.8 0.619c

REM-C, mg/dL 8.4±1.1 5.5±1.8 0.015b

HDL-C, mg/dL 66.1±1.9 63.3±2.4 0.433b

TAG, mg/dL 103.0±5.2 112.7±11.2 0.656b

Glucose, mg/dL 98.5±1.3 101.0±2.0 0.982b

HbA1c, % 5.4±0.0 5.4±0.1 0.498b

Insulin, µU/mL 12.3±1.9 12.0±1.1 0.234b

Systolic BP, mm Hg 133.8±1.6 132.2±2.3 0.538c

Diastolic BP, mm Hg 81.3±0.9 79.8±1.4 0.324b

Pulse pressure, mm Hg 52.5±1.2 52.3±1.7 0.915c

RHR, beats/min 68.3±1.1 69.9±1.2 0.380c

PDI, points 28.9±1.4 25.1±2.3 0.201b

hPDI, points −7.0±2.2 −18.5±2.3 <0.001b

uPDI, points −35.1±2.1 −27.8±2.6 0.050b

Values are means ± SEM, except for qualitative variables, expressed as n (%). TC, measured LDL-C, non-HDL-C, REM-C, HDL-C, TAG, 
glucose, HbA1c, and insulin: n = 92 (intervention), n = 53 (control); calculated LDL-C: n = 92 (intervention), n = 52 (control); systolic/diastolic 
BP, PP, and RHR: n = 52 (control); PDI, hPDI, and uPDI: n = 91 (intervention), n = 53 (control). SEM, standard error of the mean. # p value for 
between-group comparisons by a Fisher’s exact test (two-sided) and the b Mann-Whitney U test (two-sided) and cindependent t test (two-
sided).
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Table 2. Baseline and follow-up measurements in evaluable participants (IN: n = 93; CON: n = 54)

Parameters Grp Baseline 10 weeks 6 months 1 year Changes 
(baseline to 1 year)

p WG§ p BG#

Body weight, kg IN 81.3±1.9 77.9±1.7 76.9±1.6 77.4±1.7 −3.9 (−4.9, −2.9) <0.001a
<0.001c <0.001d

CON 83.1±2.7 82.9±2.6 82.4±2.5 82.7±2.5 −0.4 (−1.6, 0.8) 0.473b

BMI, kg/m2 IN 27.6±0.5 26.4±0.5 26.1±0.5 26.3±0.5 −1.3 (−1.6, −1.0) <0.001a
<0.001c <0.001d

CON 28.1±0.8 28.0±0.8 27.9±0.8 27.9±0.8 −0.1 (−0.5, 0.3) 0.662a

WC, cm IN 99±2 95±1 93±1 92±1 −6 (−7, −5) <0.001a
<0.001c <0.001d

CON 97±2 97±2 96±2 96±2 −1 (−3, 1) 0.270b

TC, mg/dL IN 207±4 184±4 198±4 207±4 −1 (−6, 5) 0.806b
0.035c 0.019d

CON 208±6 207±6 198±6 207±7 −1 (−8, 5) 0.725b

Meas. LDL-C, mg/dL IN 133±4 118±3 129±4 136±4 3 (−2, 8) 0.211b
0.142c 0.113d

CON 140±6 136±6 138±6 138±6 −2 (−8, 4) 0.534b

Calc. LDL-C, mg/dL IN 121±4 103±3 110±4 120±4 −1 (−6, 4) 0.753b
0.008c 0.005d

CON 124±6 121±6 115±5 126±6 2 (−3, 8) 0.534a

Non-HDL-C, mg/dL IN 141±4 123±4 131±4 141±5 0 (−5, 5) 0.987b
0.005c 0.003d

CON 145±6 144±6 138±6 148±6 3 (−3, 10) 0.294a

REM-C, mg/dL IN 8±1 5±1 2±1 5±1 −3 (−5, −2) <0.001a
0.003c 0.002d

CON 6±2 8±2 0±2 11±1 5 (2, 8) <0.001a

HDL-C, mg/dL IN 66±2 61±2 67±2 65±2 −1 (−3, 1) 0.418a
0.160c 0.208d

CON 63±2 62±3 60±2 59±2 −5 (−7, −2) <0.001a

TAG, mg/dL IN 103±5 102±5 105±5 107±5 4 (−3, 11) 0.168a
0.346c 0.245d

CON 113±11 116±9 120±10 112±9 −1 (−18, 16) 0.485a

Glucose, mg/dL IN 99±1 94±1 96±1 99±1 0 (−2, 2) 0.990b
0.007c 0.004d

CON 101±2 99±2 103±3 102±3 1 (−3, 5) 0.966a

HbA1c, % IN 5.4±0.0 5.4±0.0 5.4±0.0 5.4±0.0 0.0 (−0.1, 0.1) 0.790a
0.002c <0.001d

CON 5.4±0.1 5.5±0.1 5.6±0.1 5.6±0.1 0.2 (0.1, 0.2) <0.001a

Insulin, µU/mL IN 12±2 10±1 13±3 11±1 −1 (−4, 1) 0.790a
0.143c 0.126d

CON 12±1 12±1 12±1 12±1 0 (−2, 1) <0.001a

Systolic BP, mm Hg IN 134±2 127±2 129±2 126±2 −8 (−11, −5) <0.001b
0.518c 0.440d

CON 132±2 127±2 127±2 127±2 −5 (−8, −2) 0.005a

Diastolic BP, mm Hg IN 81±1 78±1 79±1 77±1 −4 (−6, −2) <0.001a
0.744c 0.639d

CON 80±1 78±1 77±1 77±1 −3 (−5, −1) 0.001b

PP, mm Hg IN 53±1 50±1 50±1 49±1 −4 (−6, −2) 0.001a
0.609c 0.100d

CON 52±2 49±2 50±2 51±2 −2 (−5, 1) 0.133a

RHR, beats/min IN 68±1 63±1 66±1 64±1 −4 (−6, −2) <0.001a
0.006c 0.009d

CON 70±1 69±2 69±2 69±2 −1 (−4, 1) 0.208b

Values are means ± SEM, except for qualitative variables which are expressed as n (%). Changes are expressed as means and 95% CI; 
WC: n = 53 (CON); TC, measured LDL-C, non-HDL-C, REM-C, HDL-C, TAG, glucose, and insulin: n = 92 (IN), n = 53 (CON); calculated LDL-C: n 
= 92 (IN), n = 52 (CON); HbA1c: n = 91 (IN), n = 53 (CON); systolic/diastolic BP, PP, and RHR: n = 52 (CON). SEM, standard error of the mean; 
CI, confidence interval; p WG, p values for within-group changes from baseline to 1 year; p BG, p values for between-group differences in 
1-year trajectories; IN, intervention; CON, control; Grp, group; Meas. LDL-C, measured LDL, cholesterol; Calc. LDL-C, calculated LDL-C. §p 
value for within-group comparisons by the a Wilcoxon test (two-sided) and b paired t test (two-sided). # p value for between-group 
comparisons by c repeated measures ANCOVA, adjusted for the baseline and d repeated measures ANCOVA, adjusted for baseline, age, and 
sex.
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and calculated LDL-C, non-HDL-C, REM-C, HDL-C, 
glucose, insulin, and RHR (all: p ≤ 0.025; adjusted for 
baseline values; online suppl. Table 3). No significant be-
tween-group differences were observed for TAG, HbA1c, 
systolic or diastolic BP, or PP (adjusted for baseline val-
ues; online suppl. Table 3). In sensitivity analyses with 
imputed data (LOCF), these results were confirmed, ex-
cept for TAG, which was significantly reduced in the in-
tervention group compared to the control (p = 0.044; ad-
justed for baseline values, age, and sex).

Changes in Body Weight and Risk Markers from 
Baseline to 1 Year (CCA)
Compared to the control, in the intervention group, 

significantly lower 1-year trajectories (including all time 
points) were observed for body weight, BMI, WC, TC, 
calculated LDL-C, non-HDL-C, REM-C, glucose, HbA1c, 
and RHR (Table 2). No significant between-group differ-
ences were observed for the 1-year trajectories of mea-
sured LDL-C, HDL-C, TAG, insulin, systolic or diastolic 
BP, or PP (adjusted for baseline values; Table 2). In sen-
sitivity analyses with imputed data (LOCF), these results 
were confirmed, except for TC and glucose, for which 
there were no significant between-group differences.

Adjustments for age and sex confirmed the results. 
Additional adjustments for smoker status, educational 
level, marital status, BMI, REM-C, and changes in alcohol 
intake confirmed these results.

In sensitivity analyses, including the 1½-year mea-
surement time points, these results were largely con-
firmed. However, for glucose and RHR, there were no 
significant between-group differences (adjusted for base-
line values; online suppl. Table 1).

Dietary Changes from Baseline to 10 Weeks (Intensive 
Phase)
In the intervention group, dietary scores significantly 

improved from baseline to 10 weeks and significantly 
more so than in the control: in the intervention group, 
PDI increased by 11 points (∼4 portions/day) and hPDI 
increased by 23 points (∼8 portions/day), while uPDI de-
creased by 11 points (∼4 portions/day; unadjusted; all: p 
< 0.001).

Dietary Changes from Baseline to 1 Year
At 1 year, in the intervention group, PDI and hPDI 

were still increased (compared to baseline) by 9 points 
(∼3 portions/day) and 19 points (∼6 portions/day), re-
spectively, while uPDI was still decreased by 11 points 
(∼4 portions/day; unadjusted; all: p < 0.001). In Figure 2, 
changes in the hPDI score (adjusted for baseline) in both 
groups are shown.

Bivariate Correlations between Diet Score Changes 
and Risk Marker Changes (Baseline to 10 Weeks)
In bivariate correlations (including participants of 

both groups), PDI change inversely correlated with 
changes in body weight, WC, TC, LDL-C (measured and 
calculated), non-HDL-C, REM-C, and HDL-C (all: p ≤ 
0.042; online suppl. Table 4). Inverse correlations were 
observed between hPDI change and changes in body 
weight, BMI, WC, TC, LDL-C (measured and calculated), 
non-HDL-C, REM-C, HDL-C, insulin, and RHR (all: p ≤ 
0.046; online suppl. Table 4). Positive correlations were 
observed between uPDI change and changes in body 
weight, WC, glucose, and RHR (all: p ≤ 0.031; online sup-
pl. Table 4).
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Fig. 2. One-year trajectories of hPDI score 
changes from baseline (portions/day). Val-
ues are means and 95% CIs of hPDI score 
changes (food portions/day; adjusted for 
baseline); *p value for differences from 
baseline: p ≤ 0.001. CI, confidence interval.
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Bivariate Correlations between Diet Score Changes 
and Risk Marker Changes (Baseline to 1 Year)
Similar correlations were observed regarding changes 

from baseline to 1 year (expressed as the difference be-
tween baseline and the mean of the three follow-up time 
points): PDI change inversely correlated with changes in 
body weight, BMI, WC, TC, non-HDL-C, REM-C, glu-
cose, HbA1c, and insulin (all: p ≤ 0.026). Inverse correla-
tions were also observed between hPDI change and 
changes in body weight, BMI, WC, TC, non-HDL-C, 
LDL-C (measured and calculated), HbA1c, and RHR (all: 
p ≤ 0.027). Positive correlations were observed between 
uPDI change and changes in body weight, BMI, WC, 
HbA1c, and RHR (all: p ≤ 0.029).

Bivariate Correlations between Diet Score Changes 
and Risk Marker Changes (10 Weeks to 1 Year)
For changes from 10 weeks to 1 year, inverse correla-

tions were observed between hPDI change and changes 
in TC, HDL-C, and RHR (all: p ≤ 0.033). No statistically 
significant correlations were observed between changes 
in PDI or uPDI and changes in any of the assessed risk 
markers.

Bivariate Correlations between Diet Score Changes 
and Risk Marker Changes (Food Group Level)
When diet score changes at the food group level were 

correlated with corresponding risk marker changes, the 
above associations (at the PDI/hPDI/uPDI level) were 
largely confirmed.

Physical Activity Changes (Baseline to 10 Weeks)
From baseline to 10 weeks, significant increases in in-

tense physical activity (minutes/week; p = 0.009; sessions/
week; p < 0.001), moderate physical activity (minutes/
week; p = 0.030), and gentle physical activity (minutes/
week; p = 0.042) were observed in the intervention group 
(n = 105) compared to the control (n = 60) (adjusted for 
baseline values, age, and sex).

Physical Activity Changes (Baseline to 1 Year)
The 1-year trajectory (including all time points) of in-

tense physical activity (minutes/week) was still signifi-
cantly higher in the intervention group (n = 90) com-
pared to the control (n = 50; p = 0.022; adjusted for base-
line values, age, and sex). However, this difference was 
due to a higher score in the intervention group at 10 
weeks and 6 months. This higher score was not main-
tained at 1 year: in the intervention group, the difference 
in intense physical activity (minutes/week) between base-

line and 1 year was not significant anymore (p = 0.916). 
No significant between-group differences were observed 
for the 1-year trajectories of moderate physical activity (p 
= 0.239), gentle physical activity (p = 0.110), or intense 
physical activity (sessions/week; p = 0.053; adjusted for 
baseline values, age, and sex).

Discussion

The present study aimed at clarifying the effect of a 
multimodal 1-year lifestyle intervention on body weight 
and weight-related risk parameters in middle-aged and 
older subjects in a community-based setting. Adherence 
to dietary recommendations was largely maintained at 1 
year. In the intervention group, significant reductions in 
body weight, BMI, WC, REM-C, and RHR were observed 
at 10 weeks, and these favourable changes were main-
tained at 1 year. The Unites States Preventive Services 
Task Force (USPSTF) recommendations (2018) state that 
effective, intensive, behaviour-based weight loss inter-
ventions are typically designed to help adults with obe-
sity achieve a weight loss of ≥5% (through changes in diet 
and physical activity) [47]. Furthermore, the USPSTF 
recommendations state that after 1 year, a weight loss of 
2–3 kg (compared to the control) is typically observed in 
such interventions (with an absolute weight loss ranging 
from 1 to 9 kg in the intervention groups) [47]. The Eu-
ropean Practical and Patient-Centred Guidelines for 
Adult Obesity Management in Primary Care (2019) sug-
gest that a weight loss of 5–10% of initial body weight is a 
realistic target as well as a measure of successful weight 
loss [48]. Participants with obesity in our intervention 
group (n = 24) reduced their body weight (compared to 
baseline) by approximately 4 kg (4%), 7 kg (7%), and 5 kg 
(5%) within 10 weeks, 6 months, and 1 year, respectively 
(data not presented). This is in line with recommenda-
tions of 5–10% weight loss as a goal that can likely be 
maintained in the long term [18, 47, 48].

While 1-year trajectories of TC, calculated LDL-C, 
non-HDL-C, and glucose were also significantly lower in 
the intervention group, these differences were due to 
strong improvements from baseline to 10 weeks, and at 
1 year, these improvements were no longer clinically 
meaningful. One important factor contributing to this 
reversal of previously achieved improvements was likely 
diet. While in the intervention group hPDI (the most rel-
evant of the three diet scores assessed [46]) was still clear-
ly increased at 1 year compared to baseline, we observed 
a significant decrease in hPDI from 10 weeks to 1 year 
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(i.e., after the end of the intensive phase; p = 0.014; n = 
89; data not presented). Another relevant factor may 
have been that the significantly improved moderate and 
intense physical activity levels in the intervention group 
were maintained until 6 months (data not presented) but 
were not maintained at 1 year. This influence was likely 
small as in the intervention group, TC and LDL-C were 
seen to increase in the 10 weeks to 6 months timeframe. 
In addition, the influence of exercise on TC and LDL-C 
appears to be modest [49]. Dietary changes in the inter-
vention group may also have been too moderate to 
achieve long-term cholesterol-lowering effects [50]. The 
results might also have been modestly influenced by a 
partial adaptation of endogenous cholesterol synthesis to 
dietary changes [51], seasonal changes [51, 52], and the 
relative imprecision of standard laboratory assessment 
methods [53]. It should be noted that seasonal changes 
may have influenced dietary intake: in the intervention 
group, hPDI greatly improved from spring to summer 
and decreased from summer to autumn and autumn to 
spring, while in the control group, hPDI slightly de-
creased from autumn to winter and increased from win-
ter to spring and spring to autumn (Fig.  2). However, 
sensitivity analyses including the 1½-year measurement 
time points largely confirmed the results (online suppl. 
Table 1).

It is also noteworthy that baseline HDL-C values were 
comparatively high in both groups [54, 55]. At 1 year, the 
intervention group demonstrated a significant reduction 
in REM-C by about 3 mg/dL (a 38% reduction from base-
line), which is a modest but potentially clinically relevant 
improvement [56–59]. REM-C is a strong independent 
risk factor for CVD events and CVD mortality [56, 57]. 
In our study, an increased PDI score was associated with 
a decrease in REM-C. A healthy, largely plant-based diet 
(traditional Mediterranean or low-glycaemic) has been 
shown to be associated with lower REM-C [60].

The RHR was significantly lowered by about 4 beats/
min in the intervention group (compared to a decrease of 
1 beat/min in the control group; Table 2), which is a clin-
ically relevant effect [61]. The RHR is a risk marker for 
heart failure, stroke, cancer, and all-cause mortality [61, 
62], and diet may be an underestimated factor for the 
RHR [63]. In our study, an increase in hPDI and a de-
crease in uPDI were associated with a decrease in the 
RHR. Regular aerobic exercise [63], consuming long-
chain omega-3 fatty acids [63], relaxation, giving up 
smoking [61], and substantial weight loss [64] are associ-
ated with a decrease in the RHR. In our study, we did not 
observe significant correlations between changes (base-

line to 1 year) in body weight or physical activity and 
changes in the RHR (data not presented).

Strengths and Limitations
A strength of our study was the assessment of a large 

variety of parameters, multiple measurement time points, 
and a no-intervention control group. However, assessing 
multiple parameters also increases the likelihood of sig-
nificant findings. Another strength is that our statistical 
analyses (ANCOVA) could adjust for various potential 
confounders. A limitation of our study was that the con-
trol group started with a delay of 6 months (same follow-
up duration), compared to the intervention group. Sea-
sonal variations may have influenced the results [51, 52]. 
However, consistent seasonal trends in risk markers were 
not observed in either group (data not presented). A fur-
ther limitation was that participants were not random-
ized (as described previously [40]). While both groups 
were comparable at baseline and we adjusted for potential 
confounders, some bias may have remained. While the 
dietary assessment method (3-day dietary record) pro-
vided relatively detailed data and avoided recall bias, it 
reflects only short-term food intake, and food intake may 
have been underreported, misreported, or adapted by the 
participants. In addition, our questionnaires were not 
validated for this population. To minimize this impreci-
sion, we used food scores instead of assessing food intake 
at the food group level.

Future Research
While the obesogenic environment persists, consum-

ers face a plethora of barriers to achieving a healthy body 
weight: food marketing, convenience of unhealthy choic-
es, peer pressure, taste preference for calorie-dense foods, 
and many more [1]. Creating optimized interventions 
with a strong focus on diet, exercise, and factors that in-
fluence these can contribute to alleviating this problem 
[1]. These factors are easy to understand, and as first-line 
options for improving health, they are non-controversial 
[18, 65]. It can be the role of researchers not just to for-
mulate what optimal lifestyle choices would look like but 
also to optimize interventions which can effectively trans-
late evidence-based knowledge into real-life health im-
provement [46].

While a healthy, more plant-based diet may have sev-
eral health benefits [11], losing weight [66] and shifting 
away from a diet rich in animal-source foods both may 
have detrimental effects on bone health (particularly hip 
fracture risk) [67], especially if this dietary shift is associ-
ated with a decreased intake of key nutrients for bone 
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health (including calcium, vitamin D, and protein) [68], 
which may be the case in near-vegan diets [67]. There-
fore, adequate sources of these key nutrients should be 
communicated to participants, if a predominantly plant-
based diet is recommended [68].

Conclusion

Our intervention succeeded in achieving relatively 
long-term (1-year) improvements in body weight, BMI, 
WC, REM-C, and RHR. It failed at maintaining meaning-
ful long-term improvements in any of the other param-
eters assessed. Participants were recruited from the gen-
eral population in rural northwest Germany, and the 
findings are likely applicable to similar populations. The 
results indicate that our intervention is effective in terms 
of body weight but that the programme requires further 
optimization to effect long-term improvements in other 
risk markers.
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