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ABSTRACT
Background The potential of adopting a healthy lifestyle
to fight non-communicable diseases (NCDs) is not
fully used. We hypothesised that the Healthy Lifestyle
Community Programme (HLCP, cohort 1) reduces weight
and other risk markers compared with baseline and
control.
Methods 24-m
 onth, non-randomised, controlled
intervention trial. Intervention: intensive 8-week phase
with seminars, workshops and coaching focusing on a
healthy lifestyle (eg, plant-based diet, physical activity,
stress management) and group support followed by a
22-month alumni phase. Weight reduction as the primary
outcome and other NCD risk parameters were assessed
at six time points. Participants were recruited from the
general population. Multiple linear regression analyses
were conducted.
Results 143 participants (58±12 years, 71% female)
were enrolled (91 in the intervention (IG) and 52 in the
control group (CG)). Groups’ baseline characteristics were
comparable, except participants of IG were younger, more
often females, overweight and reported lower energy
intake (kcal/day). Weight significantly decreased in IG at
all follow-ups by −1.5 ± 1.9 kg after 8 weeks to −1.9
± 4.0 kg after 24 months and more than in CG (except
after 24 months). Being male, in the IG or overweight at
baseline and having a university degree predicted more
weight loss. After the intervention, there were more
participants in the IG with a ‘high’ adherence (+12%)
to plant-based food patterns. The change of other risk
parameters was most distinct after 8 weeks and in people
at elevated risk. Diabetes-related risk parameters did not
improve.
Conclusion The HLCP was able to reduce weight and
to improve aspects of the NCD risk profile. Weight loss
in the IG was moderate but maintained for 24 months.
Participants of lower educational status might benefit from
even more practical units. Future interventions should aim
to include more participants at higher risk.
Trial registration number DRKS00018821.

What this paper adds
► Insights in the effects of comprehensive lifestyle

programs as measures to prevent and treat noncommunicable diseases.
► Overview of the design and methodology of real-
world community approaches.
► Discussion about target group-specific content of
lifestyle educational programs.

BACKGROUND
Avoiding obesity woul protect people
from losing disease-
free years owing to
lifestyle-related non-communicable diseases
(NCDs), like cardiovascular diseases and
type 2 diabetes.1 Moreover, the COVID-
19
pandemic has highlighted that NCDs are
also a risk factor for a serious course of
infectious diseases2 and can therefore be
an immense burden to personal and public
health. However, the immense potential of
a healthy lifestyle to prevent, arrest or even
reverse NCDs1 3–5 is still not fully embraced by
patients and healthcare providers.
There is general consensus how a healthy
lifestyle is characterised: (1) A more plant-
based diet,4 5 (2) regular exercise6 and (3)
managing stress.7 8 Yet, neither are most
people aware how big their own behaviours
and choices influence risk, nor are they
adequately educated how to change their
lifestyle accordingly.9 This is especially true
for men and people of low socio-economic
status, who typically have a lower level of
health literacy, that is, they lack knowledge
and resources to promote their own health
and attend health education programmes
less frequently.10–12
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Research objective
This study examined if the Healthy Lifestyle Community
Programme (HLCP, cohort 1) was able to improve the
metabolic risk profile of NCDs in the long-term through
the adoption of health behaviour and lifestyle changes.
Our primary hypothesis was that participants of the
intervention group (IG) would reduce their weight
significantly after 8 weeks, and again at 6, 12, 18 and 24
months compared with baseline and significantly more
than participants of the control group (CG). We secondarily hypothesised that in the IG important risk markers
for NCDs, that is, waist circumference (WC), blood
parameters (total, low-
density lipoprotein and high-
density lipoprotein cholesterol (total-C, LDL-C, HDL-C),
triglycerides (TG), fasting glucose (FG), glycated haemoglobin A1c (HbA1c), fasting insulin (FI), insulin sensitivity via Homeostasis Model Assessment-insulin resistance
(HOMA-IR)) and vital parameters (systolic and diastolic
blood pressure (SBP, DBP)) would improve after 8 weeks,

and again after 6, 12, 18 and 24 months compared with
baseline and more than CG.

METHODS
Study design
We conducted a non-randomised, controlled intervention trial with a duration of 24 months (see figure 1). As
with all lifestyle interventions, blinding of participants or
instructors was not possible (as described previously17).
Staff performing laboratory assessments were unaware of
group allocation.
Study population
Sample size calculation
The sample size was calculated with the kind support from
the Institute for Biometry and Clinical Research in Muenster,
Germany. Six confirmatory tests were planned to prove the
effectiveness of the intervention in terms of weight reduction.
Assumed effect sizes for sample size calculation were obtained
from pilot study data with a prototype version of the lifestyle
programme.13 A total of 84 subjects was calculated (56 in IG,
28 in CG), to obtain a power of 0.8 at a global significance
level of 0.05. Expecting a drop-out of at least 10%, we aimed
for 92 participants. In order to test the HLCP in the real-world
lab and to allow engaged community members to participate,
exceeding this minimum sample size was tolerated.
Recruitment
Participants of the IG and CG were recruited from the
general population in rural Germany and to ensure that

Figure 1 Study design; data collection at six health checks: T0 (baseline), T1 (after 10 weeks), T2 (after 6 months), T3 (after
12 months), T4 (after 18 months) and T5 (after 24 months). In the intervention group (IG), there was an 8-week intensive phase
of the Healthy Lifestyle Community Programme (HLCP), which included 14 consecutive seminars about the prevention of non-
communicable diseases (NCDs) and a healthy lifestyle, emphasising community support and the chances of behaviour change.
Additional workshops and practical sessions were offered. In the subsequent 22-months alumni-phase, monthly meetings of 2
hours each, refreshed the contents of the intensive phase and strengthened group support.
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Though lifestyle interventions do report improvement of overweight (OW) and other risk parameters,13
effects are heterogeneous.14 Lifestyle interventions that
meet the complexity of sustainable behavioural change
and, at the same time, reduce complexity for participants wherever possible, are urgently needed.15 As real-
world lab approaches intend to cocreate interventions
with local stakeholders and overcome the artificiality of
the lab setting,16 they seem suitable to transfer evidence-
based knowledge and skills about a healthy lifestyle from
science to society.
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they came from different communities, they were recruited
separately from a ‘intervention municipality’ and a ‘control
municipality’. However, due to our complex real-
world
approach, which requires involvement of local stakeholders16
in the planning stage and before recruitment was initiated, it
was not possible to cluster randomise.17 Notably, we included
not only participants at a high risk for NCDs but also health-
conscious persons. In the IG, they were desirable role models
(ie, peer support). In the CG, they insured comparability of
the groups.

from enrolment to analysis in figure 2. Sample sizes are
provided throughout, and qualitative reasons for dropouts
and losses to follow-up are given wherever possible. A total
of n=143 participants were enrolled (n=91 in IG and n=52 in
CG, respectively). 57% of the IG (n=52) and 52% (n=27) of
the CG finished the study.

Inclusion criteria
Participants ≥18 years, who were capable of understanding the study content were included.

Health checks
Data were collected at six health checks starting with the
baseline assessment in April in IG and October 2017 in
CG, respectively. Follow-ups were assessed at 8 weeks, that
is, after the intensive phase of the HLCP, and at 6, 12, 18
and 24 months during a 22-month alumni phase in the
IG (see figure 1).

Participants’ flow diagram
A participants’ flow diagram following the Consolidated Standards of Reporting Trials structure shows the study process

Anthropometric and vital parameters
Body weight was determined by calibrated body scales,
height by self-report and body mass index (BMI; kg/m²)
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Figure 2 CONSORT structure participants’ flow diagram; in the follow-up-phase, those participants categorised as ‘lost to
follow-up’ did not show up to health checks from that time point onwards or withdraw from the study with the given reason.
In the IG, additional information is given on how many participants discontinued the intervention (eg, dropped out) and why.
CONSORT, Consolidated Standards of Reporting Trials; IG, intervention group.
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and personal goals were discussed. The subsequent
22-months alumni phase consisted of monthly meetings
(2 hours each) in which contents of the intensive phase
were refreshed and group support was strengthened.

Blood parameters
Blood sampling was done in the morning in the fasted
state. Metabolic parameters in venous blood (serum)
were assessed to establish the risk profile of participants and all analyses were conducted at the University
Hospital of Muenster. For lipids, the following reference
values were considered optimal19: total-C levels <200 mg/
dL, LDL-C <130 mg/dL, HDL-C for women >45 mg/
dL and for men >40 mg/dL, respectively, TG <150 mg/
dL. FG >126 mg/dL or HbA1c >6.5% were diagnostic
of diabetes, FG from 100 to ≤125 or HbA1c from 5.7
to ≤6.5% for pre-diabetes, accordingly.20 FI was assessed
and HOMA-IR was calculated.21 A cut-off of 2.5 was used
to differentiate good and impaired insulin sensitivity.22

Control group
The CG did not receive any intervention, but participants
were informed about health checks results (ie, they could
seek medical advice if needed). CG was offered to participate in a subsequent HLCP after completion of the study.

Dietary assessment and questionnaires
Participants filled out weighed food records on three
consecutive days (including one weekend day).23 Nutritional intake was computed using the diet software
EBISpro 2016 (Dr. J. Erhart, University of Hohenheim,
Stuttgart, Germany). To measure adherence to a plant-
based diet, a provegetarian food score (ranging from
12 to 60) was calculated and categories of adherence
were built (very low, low, moderate, high and very high
adherence).24
Validated questionnaires to assess other health parameters (eg, stages of behavioural change,25 physical activity26)
and perceived stress27 were assessed among others and
results will be published separately.
Lifestyle intervention
The intensive 8-week phase of the HLCP consisted of 14
consecutive seminars (2 hours each, ie, 28 seminar hours
in total). Topics included prevention of NCDs, characteristics of a healthy diet, physical activity and stress management, emphasising community support and the chances
of behaviour change. Dietary recommendations were to
move towards a healthy plant-based diet, high in vegetables, fruits, whole grains, legumes and plant oils, low in
meat (especially red and processed meat products), high
fat dairy and highly processed foods, for example, refined
grains and sugar-
sweetened beverages. Evidence-
based
content about a healthy lifestyle4–7 was communicated
vividly including study materials, for example, workbook,
recipe booklet. Gender-specific topics, that are considered
sensitive (ie, prostate cancer or postmenopausal weight
gain), were discussed in single-gender sessions. Practical
units (eg, cookery demonstrations and guests’ sessions of
local practitioners) were embedded to the seminars and 8
additional workshops (eg, healthy shopping, stress relieve;
~20 participants each; ~2 hours duration) were offered to
improve practical skills. In two individual health coaching
at baseline and after 8 weeks, results of the health checks
4

Statistics
All data were analysed according to a predefined plan and
all available cases were used. Normality was tested using
the Shapiro-Wilk test and judged by histograms.
To compare IG and CG, independent t-test was used
for normally distributed continuous variables and Mann-
Whitney U test as its non-parametric alternative. Comparisons of dichotomous categorical variables were tested by
Fisher’s exact test. Within group comparisons for normally
distributed continuous variables were performed by
one sample t test or Welch test. Alternatively, the non-
parametric Wilcoxon signed-rank test was performed. All
tests were two sided.
Multiple linear regression (MLR) models were used to
estimate were used to estimate the effect of the intervention on weight change. Variables found to be associated
with weight change were added as covariates (in addition to the group variable) to the MLR using a forward-
backward selection approach. Regression models that
were statistically significant (p≤0.05) with the highest
corrected R² and lowest number of covariates were
selected. For all secondary outcome parameters MLR was
used to explore the effect of the intervention, adjusting
for sex, the baseline value and the baseline risk status of
the respective variable. In all models, residuals have been
checked for normality.
To evaluate the effect of the intervention on subgroup,
the cohort was divided retrospectively (eg, gender and
weight status). Values of p≤0.05 were considered significant, and are to be understood confirmative for the
six hypotheses regarding weight change as the primary
outcome, and exploratory28 for secondary outcome
parameters.
Statistical analyses were performed using SPSS V.25 for
Windows (SPSS).

RESULTS
Baseline characteristics
Baseline demographic characteristics of IG and CG are
shown in table 1. We observed no significant differences
in most parameters, but participants of IG were younger,
more often female and OW and reported lower energy
intake than in CG.
21% and 29% in IG and CG, respectively, held a university degree (UD). Metabolic risk profiles regarding blood
and vital parameters were comparable in both groups;
Anand C, et al. bmjnph 2022;0:e000340. doi:10.1136/bmjnph-2021-000340
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was calculated, accordingly. Waist circumference (WC)
was determined according to the WHO protocol.18 SBP,
DBP at rest were determined in duplicate by means of a
calibrated blood pressure metre.
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Intervention

Control

P value

Sociodemographics
Age, mean±SD

n=91
56±10

n=52
62±14

<0.001*

Female, n (%)

70 (77)

31 (57)

0.024†

Married/ in relationship, n (%)

73 (81)

39 (80)

0.925†

Participated with family, n (%)

26 (29)

15 (29)

0.852†

 Men

12 (57)

7 (33)

0.215†

 Women

14 (20)

8 (26)

0.603†

Education, n (%)

0.266†

 Lower secondary school

21 (23)

13 (27)

 Higher secondary school

29 (32)

17 (35)

 High school

21 (23)

5 (10)

 University

19 (21)

14 (29)

Anthropometrics

n=90

n=51

Weight (kg), mean±SD

85±19

80±18

0.113‡

BMI (kg/m²), mean±SD

28.7±5.4

27.0±6.5

0.020‡

 Participants with overweight/ obesity§, n (%)

67 (74)

28 (55)

0.015†

Waist circumference (cm), mean±SD

98±14

98±17

0.770‡

 Participants with elevated risk¶, n (%)

60 (67)

31 (61)

0.465†

Blood parameters

n=81

n=51

Total-C (mg/dL), mean±SD

196±33

193±46

0.692*

 Participants with elevated risk**, n (%)

39 (48)

23 (45)

0.858†

LDL-C (mg/dL), mean±SD

125±36

127±41

0.836‡

 Participants with elevated risk††, n (%)

36 (46)

25 (49)

0.867†

LDL/HDL ratio, mean±SD

2.2±1.0

2.5±1.1

0.117*

HDL-C (mg/dL), mean±SD

65±19

56±18

0.038*

 Participants with elevated risk‡‡, n (%)

7 (9)

13 (25)

0.010†

TG (mg/dL), mean±SD

121±69

125±76

0.612*

 Participants with elevated risk§§, n (%)

17 (21)

11 (22)

1.000†

Diabetic parameters

n=81

n=51

FG (mg/dL), mean±SD

95±15

97±26

0.032*

 Participants with elevated risk¶¶, n (%)

20 (25)

25 (49)

0.004†

HbA1c (%), mean±SD

5.4±0.6

5.6±0.5

0.001*

 Participants with elevated risk***, n (%)

14 (18)

17 (33)

0.057†

 

n=76

n=51

FI (µU/mL), mean±SD

10±6

11±8

0.760*

HOMA-IR, mean±SD

2.4±1.7

2.8±2.9

0.571*

 Participants with impaired insulin sensitivity†††, n (%)

28 (37)

22 (43)

0.579†

Vital parameters

n=89

n=51

SBP (mm Hg), mean±SD

136±20

131±20

0.148*

 Participants with elevated risk‡‡‡, n (%)

70 (79)

36 (71)

0.310†

DBP (mm Hg), mean±SD

86±1

81±9

0.002*

 Participants with elevated risk§§§, n (%)

64 (72)

31 (61)

0.192†

Dietary intake
Energy intake (kcal/day), mean±SD

1815±424

2028±450

lipids

<0.001*
Continued
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Intervention

Control

P value

Adherence to provegetarian food pattern¶¶¶, n (%)

n=82

n=45

0.964†

 Very low

10 (12)

6 (13)

 Low

21 (26)

10 (22)

 Moderate

34 (42)

20 (44)

 High
 Very high

11 (13)
6 (7)

7 (16)
2 (4)

Bold p-values ≤0.05
*Mann-Whitney U test.
†Fisher’s exact test.
‡Two-sample t-test.
§BMI ≥25 kg/m².
¶≥102 cm and ≥88 cm for men and women, respectively.
**≥200 mg/dl
††≥130 mg/dl
‡‡≤40 and 45 mg/dL for men and women, respectively.
§§≥150 mg/dL.
¶¶≥100 mg/dL.
***>5.7%.
†††HOMA-IR ≥2.5.
‡‡‡≥120 mm Hg.
§§§≥80 mm Hg.
¶¶¶Adherence according to points of the provegetarian food score: very low (<30 points), low (30–34 points), moderate (35–39 points), high
(40–44 points) and very high (>44 points).24
BMI, body mass index; DBP, diastolic blood pressure; FG, fasting glucose; FI, fasting insulin; HbA1c, glycated haemoglobin A1c; HDL-C, high
density lipoprotein cholesterol; HOMA-IR, Homeostasis Model Assessment-insulin resistance; LDL-C, low density lipoprotein cholesterol;
SBP, systolic blood pressure; TG, triglycerides; Total-C, total cholesterol.

except for HDL-C, diabetic parameters (FG, HbA1c) and
DBP, which were better in IG.
Primary confirmatory analyses of weight change
Changes of weight in IG and CG compared with baseline,
between groups and separated by sex and risk groups, are
presented in table 2.
Weight significantly decreased in IG after 8 weeks, 6,
12, 18 and 24 months compared with baseline and significantly more than in CG—except for after 24 months (see
figure 3). BMI followed the same pattern.
Analyses separated by BMI group at baseline indicated,
that normal weight (NW, BMI<25 kg/m²) and (OW, BMI
≥25 kg/m²) participants lost more weight in IG than in
CG after 8 weeks (p=0.008 and p=0.016, respectively).
In IG, OWs also decreased weight more than NWs after
8 weeks (p=0.029) and stayed below baseline levels at
all follow-ups (p<0.001 after 8 weeks to 18 months and
p=0.002 after 24 months).
Interestingly, participants with a UD did not only maintain weight loss over time but their weight also decreased
further up to −6% after 18 and 24 months, resulting in
higher weight loss than in other education subgroups
(p=0.006, p=0.004 and p=0.003 after 12, 18 and 24
months, respectively) where it stayed on a lower level but
did not decrease noteworthily after an initial drop after
8 weeks.
Since a weight loss of 5%–10% is considered to be a
doable long-term goal,29 we tested, whether it could be
6

achieved by the HLCP. In the IG, 37% (n=29) of the
participants lost >5% of their baseline weight during the
study course of 2 years, and 14% (n=7) in the CG, accordingly (p=0.008).
Regression analysis
MLR analyses identified being in the IG, male and OW at
baseline as well as the male-by-IG interaction as predictors
for weight loss after 8 weeks (online supplemental table
S-1). This means, as figure 4 shows: NW and OW men
(dark grey bars) in the IG, lost more weight than NW and
OW women (dark grey striped bar) and more than NW
and OW men of CG (grey bar). NW and OW women in
the IG, however, lost comparably as much weight as men
of CG and even less than women of CG (grey striped bar).
Being male (p=0.040) and OW (p=0.016)) also
predicted weight loss after 18 months (adjusted for male
by participating with/without family).
In the MLR, having a UD turned out to be a predictor
for weight loss after 6 (p=0.027), 12 (p=0.080) and 18
months (p=0.040), and the UD-by-IG interaction after
24 months (p=0.069 (online supplemental table S-1)).
Consistently with the results of the descriptive analyses, being OW at baseline influenced weight loss not
only after 8 weeks (p=0.028) but also after 18 months
(p=0.016). The effect of the IG alone on weight loss,
however, was not significant (p>0.05) at follow-ups from
6 months onwards.
Anand C, et al. bmjnph 2022;0:e000340. doi:10.1136/bmjnph-2021-000340
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Table 1 Continued

Change after

97.3±19.1

80.9±17.6‡

66.3±7.7

91.1±17.2¶

88.8±21.4

83.1±17.6

84.2±19.7

86.7±15.2

Men

Women

NW

OW

With fam.

Without fam.

No UD

UD

−1.1±3.2*
−2.6±3.9*‡

−1.9±2.2*‡$

−1.6±3.6**‡

−0.7±2.7

−1.7±3.7*¶

−0.5±2.1

−0.9±2.8*

−2.6±4.5*

−1.4±3.4**‡

−1.4±1.8**‡

−1.7±2.0**‡

−1.1±1.5*‡

−1.8±2.0**‡¶

−0.9±1.1*‡

−1.2±1.5**‡

−2.7±2.6*‡§

−1.5±1.9**‡‡

6
months

−4.6±3.7*‡$

−1.7±2.9**

−2.6±3.3**‡††

−1.6±3.1

−2.6±3.7**

−1.7±1.8*‡

−2.1±3.0**‡

−3.0±3.9*

−2.3±3.3**‡

12
months

−5.7±3.5*‡$

−1.4±3.5*

−2.8±3.7**‡

−0.6±3.8

−2.5±4.4*

−1.6±1.5*‡

−0.9±2.8*‡

−2.6±4.5*

−2.2±3.8**‡

18
months

−5.3±3.8*‡$

−1.0±3.6

−2.5±3.9*

−0.5±3.9

−2.2±4.5*

−1.1±2.0

−0.9±2.8*

−2.6±4.5

−1.9±4.0*

24
months

78.3±16.9

78.6±17.5

80.3±18.2

77.6±19.5

89.9±17.9¶

66.9±8.8

72.6±13.3

89.5±20.5

79.5±18.5

Initial value
at baseline

Control

−0.1±0.9

−0.3±2.0

−0.5±1.8

0.3±1.3

−0.6±2.1

0.1±1.1

−0.3±1.7

−0.2±1.8

−0.3±1.7

0.2±1.4

−0.8±2.1

−0.7±2.1

0.1±1.6

−1.0±2.3

−0.8±1.4

−0.2±1.6

−0.9±2.3

−0.5±2.0

6
months

Change after
8
weeks

0.4±2.0

−0.8±2.7

−0.8±2.8

0.2±1.9

−0.7±3.4

−0.3±1.6

−0.2±2.4

−0.7±2.7

−0.5±2.6

12
months

0.2±2.4

−0.5±2.8

−0.6±3.0

0.4±1.7

−1.0±3.5

0.3±1.6

0.0±2.5

−0.8±2.9

−0.3±2.7

18
months

−2.0±5.1

−0.5±5.2

−0.9±5.4

0.2±1.7

−1.6±6.6

0.1±2.3

−0.7±5.1

−1.0±5.4

−0.8±5.1

24
months
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‡P<0.05 for between group comparison to control
‡‡ P<0.001 for between group comparison to control
§P<0.05 for comparison of men and women
¶P<0.05 for comparison to NW
†P<0.05 for comparison to came with family
$P<0.05 for comparison to no UD
Due to large amount of data, numbers are shown with only one decimal and sample sizes are left out for better readability. A full version of the table, including additional parameters, is
provided in online supplemental table S-3.
*P<0.05, **p<0.01, for within group comparison to baseline.
fam, family; NW, normal weight; OW, overweight; UD, university degree.

84.7±18.8

Initial value at 8
baseline
weeks

Intervention

Change of weight in intervention and control group according to relevant subgroups 8 weeks, 6, 12, 18 and 24 months after baseline, all values are mean±SD

Weight (kg)

Table 2
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Secondary exploratory analyses of anthropometric, blood and
vital parameters and dietary intake
The changes of metabolic parameters did not follow a
clear pattern. They were most distinct after 8 weeks (ie,
the intensive phase of the HLCP) and improved especially in people at elevated risk (eg, total-C, TG, SBP,
DBP). For complete presentation of blood parameters,
WC and additional subgroup analyses, see online supplemental figure S-2 and online supplemental table S-3.
Notably, FG increased in IG compared with baseline after 6 (p=0.031), 12, 18 and 24 months (for all
p<0.001). P values suggest a relevant difference in FG
change between the IG and CG at all follow-ups (for all
p<0.001, but 24 months with p=0.001). As the p values of

Figure 4 Weight loss after 8 weeks in intervention and
control group according to sex and weight status at baseline;
adjusted for age, participating with/without family interaction
and the group-participating with/without family interaction
(R²=0.216, p=0.001).

8

a subgroup analyses indicated, the increase in the IG was
due to an increase in non-diabetics with p=0.035 after 6
months and p<0.001 after 12, 18 and 24 months. In the
CG, reductions compared with baseline were observed in
participants with pre-diabetes at all follow-ups (p<0.001
after 8 weeks and 12 months and p=0.001, p=0.002 and
p=0.016 after 6, 18 and 24 months, respectively). HbA1c
followed the pattern of these results. Medication with
oral antidiabetics and/or insulin did not change in both
groups.
After 8 weeks, the IG reduced energy intake more than
the CG (−181±352 kcal/day vs 119±363 kcal/day), but
the difference stayed non-significant (p=0.102). Evaluation of the provegetarian score showed dietary improvement after 8 weeks not in the CG (p=0.975) but in the
IG (p=0.038), where participants shifted towards high
adherence (+12%) and away from the moderate (−1%),
very low (−6%) and low (−5%) adherence category.
There were no differences to baseline at later time points
(p>0.05).
Regression analyses
MLR, adjusting for sex, baseline value and risk status of
the respective variables, revealed a significant impact of
the HLCP at different time points on an improvement of
BMI, total-C, LDL-C, HDL-C and DBP and on an increase
of WC and all diabetic parameters (table 3). As described
above, most significant effects appeared after 8 weeks.
The increase of FG stayed distinct (p<0.001 after 8 weeks,
12 and 18 months and p=0.001 after 6 and 24 months)
even after adjusting for the baseline values and risk group.

DISCUSSION
In summary, the HLCP, cohort 1 moderately reduced
weight and improved some parameters of the risk profile
for metabolic NCDs, such as total and LDL cholesterol.
Weight loss in the IG was moderate but comparable
with other interventions.30 Studies with a stricter diet
regimen show more distinct results, for example, a vegan
healthy diet with a weight loss of −6.5 kg after 16 weeks.31
Yet, variability in weight outcomes among participants of
lifestyle interventions is high14 and smaller effects were
expected due to the real-world approach—as opposed to
controlled study lab conditions of regular dieting studies.
Still, 37% of the participants in the HLCP were able to
reduce >5% of their baseline weight. Since combined
interventions that do not only focus on diet alone have
been shown to be more effective for long-term weight
loss,32 a holistic approach seems suitable for a heterogenous communities despite smaller effects.
Participants with a UD lost more weight (up to −5.7±3.5
kg after18 months), suggesting that knowledge transfer
was emphasised too strongly for participants of lower
educational status. Therefore, we suggest even more practical units and simplified dietary rules—as we modified
in subsequent HLCPs (cohort 217 and 3 (unpublished
data)).
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Figure 3 Boxplots of weight change (kg) in intervention (left,
dark grey) and control group (white) after 8 weeks, 6, 12, 18
and 24 months after baseline (baseline values in intervention
group: 85±19 kg, in control group: 80±18 kg). Differences to
baseline were significant in IG after 8 weeks to 18 months
(p<0.001) and 24 months (p<0.05). Differences between IG
and CG were significant after 8 weeks (p<0.001), 6 months
(p<0.05), 12 months (p<0.05), 18 months (p<0.05). CG,
control group; IG, intervention group.
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0.005
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0.015

0.303

0.414
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0.142

0.087

−0.005

0.086
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0.059

0.393
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0.797
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2.13

−0.02

11.34

2.99

3.58

−8.84

−7.16

−0.11

−0.71

ß

1.76

3.32

0.29

1.01

0.06

2.21

6.94

2.39

4.59

5.04

1.19

0.30

SE

18 months

0.532

0.002

0.956

0.229

0.351

0.173

0.113
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0.038

0.645

0.534

0.035

0.007

−0.026

0.012
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0.668

0.138

0.059
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11.14
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−1.05
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0.36
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24 months

0.297

0.782

0.004

0.040

0.023

0.001

0.167

0.146

0.635

0.867

0.118

0.299

P
value

0.381

0.273

0.547

0.138

0.066

0.268

0.662

0.080

0.088

0.038

0.065

0.067

R²

Constants (ß0) and its SE are not shown and numbers are rounded to two decimals to improve readability; an extended version of the table can be found in appendix (online supplemental table S-1,
online supplemental figure S-2, online supplemental table S-3.
Bold p-values ≤0.05
ß, effect size for group; BMI, body mass index; DBP, diastolic blood pressure; FG, fasting glucose; FI, fasting insulin; HbA1c, glycated haemoglobin A1c; HDL-C, high-density lipoprotein cholesterol;
HOMA-IR, Homeostasis Model Assessment-insulin resistance; LDL-C, low-density lipoprotein cholesterol; R², corrected R²; SBP, systolic blood pressure; TG, triglycerides; TOTAL-C, total cholesterol;
WC, waist circumference.
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Change after

Table 3 Effect of group (Ref. intervention group) on the metabolic risk profile (adjusted for sex, baseline values and risk group at baseline of the respective variable);
forced enter approach
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Limitations
Due to limited resources, the CG started with a delay of 6
months compared with IG and due to the nature of our
real-world community approach, randomisation was not
possible. However, IG and CG had similar baseline characteristics (except age, gender, BMI, HDL-C and energy
intake) and we adjusted for those which were different
10

between groups. Yet, the non-randomisation may have
led to a bias due to the selection of particularly motivated
participants.
Missing data occurred for blood parameters at baseline, which had to be taken on a different day than other
parameters and only 90% (n=81) of the participants
were available in the IG. Further disparities of sample
sizes occurred due to participants’ personal matters, for
example, poor venous access. Also, the sample sizes in IG
and CG dropped within the study course of 24 months
(similarly in both groups) by around 50%. However, we
analysed all the available data to avoid loss of information
and overestimation of efficiency which can occur in all-
case analyses.40
Our observations should be validated in a bigger cohort,
as we divided subgroups (eg, sex) retrospectively and did
not consider them when calculating the sample size.

CONCLUSION
Our study gives valuable insights into the effects of lifestyle interventions in communities as a real-world lab.
The HLCP moderately reduced weight of the participants
in the long term and slightly improved the risk profile for
NCDs mostly in the short term and with regard to some,
but not all, parameters. Modifications should be made to
improve results with a lower educational status, and more
participants with a high cardiometabolic risk should be
recruited in future studies.
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The HLCP reached mainly women—as it is typical for
health education interventions, but those men who did
participate, benefited the most regarding weight change.
This is in line with other studies that show higher weight
loss in men,33for example, due to gender-specific metabolic differences.34
The diabetes risk profile in the IG did not improve.
Notably, most participants (75%) in the IG had no
increased diabetes risks at baseline and subgroup analyses showed that FG increased mainly in non-diabetics.
In participants at higher risk, parameters tended to
decrease. Yet, even when adjusting for risk group, sex
and previous FG changes, the difference to the CG stayed
significant, which was neither desirable nor expected, as
lifestyle interventions are likely to improve diabetes risk
parameters.35 The change of diabetes parameters was
not mirrored in the improved outcome of other parameters, like weight and lipid profile, and can also not be
explained by a change in medication. Possibly, factors
that were not assessed, such as working conditions,36 had
a relevant impact.
Notably, both groups reported a low average energy
intake, indicating the long-
known problem of under-
reporting, especially in OW people.23 Technology-
supported methods might help to improve dietary data
assessment in the future.37
As other intervention programmes before,14 30 the HLCP
struggled to sustain the better risk profile in the longer
term. Though weight loss was maintained throughout the
study course of 2 years, other parameters did not improve
that clearly.
Since we observed the biggest changes after the intensive phase of the HLCP, also regarding the higher adherence to the provegetarian food pattern, we suggest to
intensify the alumni phase. An extension of digital and
online measures38 may help participants to include these
in their everyday life.
The intervention tended to have stronger and longer-
term effects in participants at higher risk. Since we
recruited from the general population, these high-
risk subgroups were relatively small, which might have
contributed to non-
significance.28 Future programmes
should aim for a larger sample of high-risk participants to
test this hypothesis.
In the CG, some risk parameters (eg, HDL-C, TG or
FG) improved as well. Possibly, the mere health checks
have to be considered an intervention, since participants
of the CG regularly received their results, due to ethical
and motivational reasons, which can already initiate
health behavioural change.39
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