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Abstract
Purpose Obesity is pandemic. Yet, the success of most weight loss programmes is poor. The aim of the study was to assess 
illness perception in overweight/obese people and its impact on bio-functional age (BFA) reflecting physical, mental, emo-
tional and social functioning.
Methods 75 overweight/obese subjects from the cross-sectional Bern Cohort Study 2014 were included. Participants fol-
lowed a validated “bio-functional status” test battery amended by the validated questionnaires Patiententheoriefragebogen 
(illness perception) and AD-EVA (eating and movement behaviour). BFA was calculated in subjects aged ≥ 35 years (n = 56).
Results (1) Mental occupation with the cause of overweight/obesity was generally moderate to high, but decreasing with 
age. (2) The predominant theories for being overweight/obese were health behaviour (58.7%) and psychosocial factors 
(33.3%). (3) Overweight/obese people with psychosocial theories on illness causes were more likely to have emotional or 
disinhibited eating patterns. (4) Cognitive control of eating patterns increased with age in both sexes. (5) Overweight/obese 
people were still bio-functionally younger than their chronological age (8.6 ± 0.8 year equivalents), although (6) quality of 
life was below average and (7) the risk for functional pro-aging was increased in those being especially mentally occupied 
with causes for overweight/obesity (r = 0.38, p < 0.001) and those having psychosocial (r = 0.32, p < 0.05) or naturalistic 
theories (r = 0.47, p > 0.001).
Conclusions Consciously perceived psychosocial stress was found to be a main factor to disturb health and promote unhealthy 
cognitive patterns regulating eating and moving habits. Thus, successful weight reduction programmes should integrate 
subjective illness perceptions to not only improve the therapeutic outcome, but also functioning (BFA).
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Abbreviations
AD-EVA  Interdisciplinary test system for the diagnostic 

and evaluation of adiposity and other with 
eating and movement behaviour influenceable 
diseases

AHA  Active and healthy aging
BeCS-14  Bern Cohort Study 2014
BFA  Bio-functional age
BFS  Bio-functional status
BMI  Body Mass Index
CA  Calendaric age
CA-BFA  Difference between calendaric and bio-func-

tional age
GSS  General Single scale
HADS  Hospital Anxiety and Depression Scale
HB  Health Behavioural scale
ICF  International Classification of Functioning, 

Disability and Health
NCD  Non-communicable diseases
NT  Naturalistic scale
NTE  Naturalistic External scale
NTI  Naturalistic Internal scale
OS  Overall score
PATEF  Patiententheoriefragebogen
PS  Psychosocial scale
PSE  Psychosocial External scale
PSI  Psychosocial Internal scale
SF-36  Short Form Gesundheitsfragebogen
TICS  Trier Inventar zum chronischen Stress

Introduction

Overweight and obesity have become a major global medical 
and economic issue. On one hand, overweight and obesity 
are associated with an increased risk for developing non-
communicable diseases (NCD) such as cardiovascular and 
metabolic diseases, cancer and depression [1–5]. On the 
other hand, there is some evidence for bio-functional pro-
aging being positively correlated to body fat percentage [6].

Despite great efforts to combat this epidemic, so far, 
no single therapeutic method or preventive campaign has 
delivered convincing results. There is evidence from other 
medical conditions such as cardiovascular diseases that the 
patient’s perception of the disease has a crucial impact on 
the therapeutic outcome [7]. When being faced with a health 
threat such as the onset of certain symptoms or a new diag-
nosis, individuals will actively build cognitive models of 
the threat that will determine how they respond [7]. Accord-
ingly, the disease may be considered as consequence of a 
certain way of living or as a starting point of a re-orienta-
tion [8] which may trigger specific treatment expectations. 
Knowing the patient’s illness perception is crucial for the 

treating physician as it influences treatment adherence and 
ultimately treatment outcome [8, 9]. Prior studies in over-
weight and obese patients have shown the importance of 
cognitive concepts for evaluation, counselling, prevention 
and treatment [10]. Accordingly, distinct cognitive patterns 
such as restraint eating, disinhibition, emotional eating, 
enjoyment, craving and addiction regulate eating and move-
ment behaviour [11]. Yet, the perceived illness causes have 
never been assessed for overweight and obesity.

The Bern Cohort Study 2014 (BeCS-14) is a single-cen-
tre, cross-sectional, observational, non-interventional, non-
randomized trial, which assessed a defined best and least 
health status across all non-paediatric and non-geriatric age 
stages (i.e. 18–65 years) [12]. The assessment tools applied 
were based on a complex Active and Healthy Aging (AHA) 
assessment model incorporating the International Classifica-
tion of Functioning, Disability and Health (ICF) classifica-
tion and concept [13, 14].

The aim of the present analysis was to (1) assess illness 
perceptions in the BeCS-14 subcohort of overweight and 
obese subjects, (2) analyse the association between illness 
perception and cognitive patterns that regulate eating and 
movement behaviour, and (3) evaluate if illness perceptions 
have an impact on bio-functional age in overweight and 
obese people.

Materials and methods

Study design

The study design has been described in detail before [12]. 
Briefly, BeCS-14 is a single-centre, cross-sectional, obser-
vational, non-interventional, non-randomized trial in Ger-
man speaking men and women aged 18–65 years. Exclu-
sion criteria were pregnancy, acute diseases (e.g. fever, acute 
pain syndrome), and illiteracy. Recruitment was performed 
between 2012-03-04 and 2014-07-04 at the Department of 
Obstetrics and Gynecology, Inselspital University Bern, 
Switzerland. All participants followed a standardised battery 
of assessments consisting of a personal and family history 
[the whole questionnaire addressing the personal and family 
history is available via the corresponding author (P. Stute)], 
bio-functional status (BFS), bio-functional age (BFA), and 
validated questionnaires for depression and anxiety (HADS) 
[15], health-related quality of life (SF-36) [16] and chronic 
stress (TICS) [17], respectively. Subsequently, participants 
were asked to take part in additional assessments (four non-
randomized subgroups) of which one subgroup (“nutri-
tion”) comprised overweight and obese [Body Mass Index 
(BMI) ≥ 25 kg/m2] participants only. They were asked to 
answer the validated questionnaires AD-EVA [18] address-
ing eating and movement behaviour as well as PATEF [19] 
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addressing patient’s illness perception. The study protocol 
was approved by the Cantonal Ethics Committee Bern (Ref.-
Nr. KEK-BE: 023112), and written informed consent was 
obtained from each participant.

Assessment procedures

Bio‑functional status (BFS) and bio‑functional age (BFA)

The BFS is a generic, age- and sex-specific test battery com-
prising holistic characteristics from physical (systolic and 
diastolic blood pressure, resting heart rate, pulse rate dif-
ference, performance time, performance pulse index, vital 
capacity FVC, body cell and fat mass, decayed/missing/
filled teeth, vision, hearing acuity, psychomotor activity, test 
motivation, viseomotor coordination ability) mental–emo-
tional (optical reaction time, pursuing reaction time, verbal 
reaction time, cognitive reaction time, cognitive switching 
capability, ability to concentrate, strategic thinking, orien-
tation capability, memory performance, change over capa-
bility) and social areas (social resonance/stress exposition, 
self-control/stress disposition, social dominance, social 
power, physical well-being, emotional well-being, sense 
of coherence, social activity) (objectivity 0.96, reliability 
0.93, females age validity: total age correlation 85.2%; total 
age commonality in the main factor 76.3%). It fits into a 
complex theoretical model incorporating the ICF and AHA 
concept [20–22], respectively, and is commercially available 
via Vital Services (http://www.micro soft.com/en-us/store /
apps/biofu nktio naler -statu s/9wzdn crd38 qr). The single val-
ues of the BFS test battery were scaled and differentiated for 
chronological age (CA) and sex. Their summation makes 
up the so-called Bio-functional Age Index BFAI (BFAI = Σ 
(B-X/B-L)n/n). The BFAI is a relative measure compared 
to a reference population, out of which norm charts were 
developed. By definition, the reference population’s BFAI is 
identical with its CA. A BFAI of an individual may be trans-
formed into BFA (years) by means of gerontologic aging 
tables. This BFA (years) relates to the mean value of a cer-
tain CA. The BFA is based on a sex-specific regression and 
factor analysis of functional age [20–23] (for transformation 
from BFS to BFA and gerontologic table see supplementary 
file 1).

Patiententheoriefragebogen (PATEF)

Patiententheoriefragebogen is a validated questionnaire 
addressing patient’s illness perception [3]. It contains 46 
items covering five scales of which 18 are considered to 
be psychosocial (PS) and 18 naturalistic (NT), respectively 
[health behaviour (HB) scale (n = 10), PS external (n = 8) 
and internal (n = 10) scale, NT external (n = 8) and internal 
(n = 10) scale]. Each item is rated on a five-point rating scale 

(0 = certainly not to 4 = very likely). Based on norm charts, 
raw values are converted into age (</≥ 45 years) and sex-
validated Stanine values [S values (1–9)] [24]. The overall 
score (OS) is a measure for the intensity of mental occupa-
tion with the illness cause (S < 4 corresponds to no thoughts 
or theory not covered by PATEF, respectively; S = 4–6 and 
no single scale with S > 6 corresponds to mental occupation 
with illness cause, but indecisive about the cause; S > 6 cor-
responds to high mental occupation; 1–3 single scales with 
S > 6 correspond to punched-out theory (already defined 
theory); 4–5 single scales with S ≥ 5 correspond to diffuse 
theory). The general single scales (GSS) is a measure for the 
main direction of perceived illness cause that is naturalistic 
(NT), psychosocial (PS) and health behaviour (HB, α = 0.93, 
r = 0.7), respectively, which can be grouped into six catego-
ries: (1) PS and NT with S = 1/2/3 correspond to rejection 
of PS and NT; (2) PS and NT with S = 4/5/6 correspond to 
PS and NT unremarkable, (3) PS and NT with S = 7/8/9 cor-
respond to PS and NT are considered to be very likely, (4) 
PS with S > 6 and NT with S ≤ 6 correspond to clear focus on 
PS, (5) NT with S > 6 and PS with S ≤ 6 correspond to clear 
focus on NT, and (6) HB with S > 6 corresponds to HB and is 
considered to be very likely. The category external or inter-
nal attribution of illness cause represents the single-scale 
PSE (psychosocial external, α = 0.87, r = 0.79, PSE S > 6 
corresponds to high risk for helplessness and depression), 
PSI (psychosocial internal, α = 0.93, r = 0.73, PSI S > 9 cor-
responds to very high indication of dissatisfaction, low self-
esteem, even possible indication for needed psychotherapy), 
naturalistic external (NTE, α = 0.81, r = 0.74, NTE S > 6 cor-
responds to highly fatalistic tendency), naturalistic internal 
(NTI, α = 0.72, r = 0.74, NTI S > 6 corresponds to highly 
possible passivity). The internal validity of the PATEF is 
good; correlations between PSI&PSE r = 0.8, PSE&NTI 
r = 0.7, HB&PSI = 0.6 are highly significant. The external 
validity has been proofed in studies of myocardial infarction, 
headache and back pain [8, 24], where good accordance of 
the PATEF scales and therapy expectations, fear of relapses 
and therapy outcome have been found. So far, PATEF has 
not been validated in English. Additionally, we calculated 
correlations between PATEF and TICS [25] and HADS [15], 
respectively.

Interdisciplinary test system for the diagnostic 
and evaluation of adiposity and other with eating 
and movement behaviour influenceable diseases (AD‑EVA)

AD-EVA is a validated questionnaire addressing eating and 
movement behaviour [10]. It contains 83 items covering 
nine scales of which five have been analysed for this study: 
(1) salutogenic behaviour scale (overall scale, 30 items, 
α = 0.91, r = 0.87) with subscales covering sports (7 items, 
α = 0.91, r = 0.84), the cognitive pattern “middle control” 

http://www.microsoft.com/en-us/store/apps/biofunktionaler-status/9wzdncrd38qr
http://www.microsoft.com/en-us/store/apps/biofunktionaler-status/9wzdncrd38qr
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(11 items, α = 0.85, r = 0.86), enjoyment ability (6 items, 
α = 0.69, r = 0.89) and the ability of implementing sugges-
tions (6 items, α = 0.71, r = 0.87), (2) pathogenic eating 
scale covering cognitive patterns as “cognitive control” (10 
items, α = 0.94, r = 0.92), “disinhibition” (11 items, α = 0.9, 
r = 0.9) and “emotional eating” (8 items, α = 0.87, r = 0.89), 
(3) handling of food scale (11 items, α = 0.9, r = 0.85) cover-
ing the cognitive patterns of “craving” and “addiction”, (4) 
quality-of-life scale (5 items, α = 0.75, r = 0.81), and (5) the 
movement motivation scale (overall score 8 items, α = 0.71, 
r = 0.91) with the subscales “fun and satisfaction” (6 items, 
α = 0.7, r = 0.92) and “aesthetics” (2 items, α = 0.64, r = 0.9), 
respectively. Standardisation: raw values adjusted to a nor-
mal distribution produced comparable T values and per-
centage ranks on the basis of norm charts differentiating 
between age, sex, BMI and education [10]. T values have a 
range between 20 and 80, percentage ranks 0–100. T values 
< 30/> 70 are considered extreme, 30 to < 40 as under aver-
age, 40 to < 60 as average and 60 to < 70 as over average 
[10]. The equivalent percentage ranks allow a more concise 
interpretation of the T values [10].

Statistics

The statistical analysis was performed with SPSS version 
22. The descriptive statistics contained the calculation of 
the median, mean, range (min–max), standard deviation and 
for ordinal parameters the percentages. Correlation statistics 
was done by Pearson’s bivariate test statistics with a level of 
significance of 5% (two-sided) or 2.5% (one-sided). Missing 
values of the BFS were replaced by average values of the 
reference population [12]. No missing values were found in 
the AD-EVA and PATEF test batteries.

Results

Characteristics of the cohort (Table 1)

Age, social and job status

In total, 75 subjects (77.3% female, 22.7% male) of 
the BeCS-14 cohort were overweight or obese, respec-
tively, and therefore, further analysed by the question-
naires PATEF and AD-EVA (see Table 1). Mean age was 
46.3 ± 12.6 years, mean BMI 29.32 ± 3.64 kg/m2 and mean 
fat mass 34.1 ± 9.4%, respectively. 62.7% of participants 
were overweight (BMI 25–29.9) and 35.9% obese [29.3% 
obesity I (BMI 30–34.9), 5.3% obesity II (BMI 35–39.9) and 
1.3% obesity III (BMI ≥ 40)]. Of the 75 subjects included, 
17.6% of men and 41.4% of women were obese. Two-thirds 
of recruited subjects were living in a partnership (61.3%). 
41.3% of participants were childless, whereas one in three 

had at least two children (37.4%). The educational level dif-
fered strongly, as 28.0% were academic, 29.3% had a profes-
sional diploma or equivalent, 21.3% an apprenticeship, and 
8% obligatory school only. Most participants (44%) worked 
in the social field, and one quarter (25.3%) in economy, 
administration or service, respectively. Executive positions 
were held by 26.7%, while the majority (56%) worked as 
employees. Job occupation was at least 50% in the major-
ity (80%), and at least 90% in almost half of participants 
(49.3%). The monthly gross income was less than 5000 
Swiss Francs for 45.3%. About half (48%) of participants 
reported going to work despite being sick, reflected in the 
low numbers of sick days.

Life style

About one quarter (25.3%) reported regular alcohol con-
sumption at least twice a week (22.4% of women, 58.8% 
of men). 26.7% had at least one drink per day. In contrast, 
the majority of participants were never-smokers (50.7%) or 
former smokers (32%; 29.3% of women, 47.1% of men), 
respectively. Physical activity (till sweating) varied strongly 
ranging from almost no workout (33.3%; 36.2% of women, 
29.4% of men) to high activity levels (> 2/week) in 17.3%. 
82.3% slept 6–7 h a night. Sleep quality during the last 
4 weeks was good in 61 participants (69.3%).

Personal and family history

The prevalence of being disease free was 50.7% (n = 38). 
Life-threatening events were reported by five participants 
(myocardial infarction n = 0; stroke n = 1; pulmonary embo-
lism n = 4). The prevalence of a positive family history var-
ied and was 42.7% for cancer, 46.7% for cardiovascular dis-
ease (myocardial infarction 28%, stroke 25.3%, pulmonary 
embolism 13.3%), 44% metabolic disorder (dyslipidemia 
29.3%, diabetes mellitus 24%) and osteoporosis (8%).

Medications

In the BeCS-14 cohort, 52 participants reported use of any 
kind of medication (n = 75 reports). The major medication 
groups were dietary supplements (n = 12), sexual steroids 
for contraception (n = 7) or menopausal hormone therapy 
(n = 11), psychotropic medication (n = 14), analgetics 
(n = 10) and antihypertensives (n = 11).

Illness perception (PATEF, Table 2)

The prevalence of the various degrees of mental occupa-
tion with overweight/obesity and the preferred underlying 
patient’s theory on the causes of overweight/obesity is pre-
sented in Table 2. The median S values were 6 for OS, NT 
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Table 1  Characteristics of the cohort

Parameter (n=75) Mean (SD)

Age (years) 46.3 (12.6)
Fat mass (%) 34.10 (9.44)

Parameter (n = 75) %

Sex
 Female 77.3
 Male 22.7

Weight
 Normal weight (BMI 19–24.9) 1.3
 Overweight (BMI 25–29.9) 62.7
 Obesity I (BMI 30–34.9) 29.3
 Obesity II (BMI 35–39.9) 5.3
 Obesity III (BMI ≥ 40) 1.3

Graduation
 High school/middle school 8
 Apprenticeship/professional school/commercial school 21.3
 School leaving examination/diploma school/teachers seminar 13.3
 Federal certificate/profession diploma/examination for master craftsman’s certificate/higher commercial school 29.3
 University/Federal Institute of Technology (ETH)/College of Higher Education 28

Working field
 Economy/administration/service 25.3
 Social/nursing/medical/education 44

Job position
 Executive position 26.7
 Employee 56
 Full time (≥ 90%) 49.3
 Part time (50–89%) 30.7

Income (gross income, per month)
 < 5000 CHF 45.3
 5000–10,000 CHF 37.3

Working despite feeling sick (last 12 month)
 No 40
 Once 17.3
 2–6× 30.7

Sick days (last month)
 0 days 76
 > 1 day 12

Current living situation
 Single, living alone 18.7
 Concubinage 20
 Married 41.3
 Divorced/widowed 10.7

Children
 No child 41.3
 1 child 13.3
 2 children 26.7
 3 children 10.7

Alcohol frequency
 Never 12
 Once a month 17.3
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internal and PS external, 5 for NT and NT external, and 7 
for HB, PS and PS internal, respectively. Intensity of mental 
occupation with the cause of overweight/obesity was high 
(S > 6) in 37.4%, moderate in 57.3% (S4–6) and low (S < 4) 
in 5.3% of participants. The focus (S > 6) of mental occupa-
tion with the underlying causes for overweight/obesity was 
(in descending frequency) HB (58.7%), PS internal (56%), 
PS (50.7%), PS external (34.7%), NT internal (24%), NT 
(18.6%), and NT external (12%), respectively. This find-
ing indicates that many overweight and obese subjects not 
only consider their own health behaviour as a main cause 
of overweight/obesity, but also hold their inner personality, 

e.g. low self-esteem (PS internal), other people, e.g. fam-
ily members (PS external), their disposition, e.g. genes and 
hormones (NT internal), or exposition, e.g. pollution (NT 
external), responsible for their illness. 41.3% of participants 
had a very clear idea of the underlying cause of overweight/
obesity (punched-out theory) while 18.7% had more diffuse 
theories about the illness cause. Based on the individual 
percentage HB/PS/NT combination the main direction of 
perceived illness cause (HB, PS, NT) may be further catego-
rized into six subgroups: 1) mainly HB 58.7% (HB S > 6), 
2) clear focus on PS theories 33.3% (high PS with S > 6 and 
low NT with S ≤ 6), 3) clear focus on NT theories 1.3% (high 

Table 1  (continued)

Parameter (n = 75) %

 2–4/month 40
 2–3/week 25.3

Alcohol amount a day (number of standard glass)
 0 65.3
 1 16
 2 10.7

Smoking
 Never smoked 50.7
 Ex-smoker 32
 10 cigarettes a day 8
 20 cigarettes a day 4

Sports
 Rarely 12
 < 1/week 21.3
 1–2/week 48
 > 2/week 17.3

Sleep duration (average, last 4 weeks)
 < 5h 4
 6 h 41.3
 7 h 40
 8 h 14.7

Sleep quality (last 4 weeks)
 Very good 12
 Rather good 69.3
 Rather bad 17.3

Personal and family history
 Disease free 50.7
 Life-threatening event 6.7
 Cardiovascular family history 46.7
 Metabolic family history 44

Medication
 Dietary supplements 16
 Sexual steroid hormones 24
 Psychotropic medication 18.7
 Analgetics 13.3
 Antihypertensives 14.67
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NT with S > 6 and low PS with S ≤ 6), 4) simultaneous focus 
on PS and NT theories 17.3% (PS and NT with S = 7/8/9), 
5) neutrality against PS and NT theories 33.3% (PS and NT 
with S = 4/5/6) and 6) rejection of PS and NT theories 2.67% 
(PS and NT with S = 1/2/3). When adjusting PATEF scores 
for BMI and fat mass, results did not change. The degree of 
mental occupation (OS) with the causes of overweight/obe-
sity decreased with aging (r = − 0.26; p < 0.05). In the age 
group 20–34 years, 61.1% were highly mentally occupied 
with illness causes (OS S > 6), which was almost cut in half 
in the age group of 35–75 years (29.8%). When differentiat-
ing for sex, men (76.5%) were significantly more often con-
vinced than women (50%) that their inner personality was 
highly responsible for overweight/obesity (PS internal S > 6 
and age: r = 0.26; p < 0.05). Correlations were not affected 
when adjusting for BMI categories (distinction overweight/
obesity). The intensity of mental occupation with the illness 
cause (PATEF: OS) correlated significantly positively with 

several subscales of HADS (anxiety, depression) and TICS 
(chronic worrying, social isolation, chronic stress, excessive 
demand, work dissatisfaction) (supplementary file 2).

Eating and movement behaviour (AD‑EVA, Table 3)

The prevalence of various eating and movement behaviour 
patterns is presented in Table 3. Most patterns were within 
the normal range of the reference cohort (T values 40–< 60). 
The only exceptions were movement motivation overall (T 
value = 38), movement motivation fun and satisfaction (T 
value = 36) and quality of life (T value = 30) which were 
below average (T values 30–< 40). There were no above 
average (T values 60–< 70) or extreme patterns (T values 
< 30/> 70), respectively. The prevalence of at least one (out 
of three) pathogenic eating behaviour patterns was 45.3% 
(n = 34). In a next step, the impact of age and sex on eating 
and movement behaviour was assessed. As AD-EVA norm 

Table 2  Prevalence of mental occupation with overweight/obesity and focus of illness cause

Degree of mental 
occupation with illness 
(overweight, obesity)

S value Overall 
score 
(OS)

Behavioural 
(BH) scale 
(%)

Naturalistic (NT) scale Psychosocial (PS) scale

Overall (%) External (%) Internal (%) Overall (%) External (%) Internal (%)

Low 1 1.3 – – – – – – –
2 – – 9.3 – – – – –
3 4.0 1.3 5.3 26.7 12.0 5.3 – –

Moderate 4 13.3 12.0 16.0 16.0 4.0 6.7 12.0 8.0
5 17.3 12.0 26.7 30.7 28.0 9.3 14.7 17.3
6 26.7 16.0 24.0 14.7 32.0 28.0 38.7 18.7

High 7 12.0 17.3 8.0 6.7 8.0 32.0 22.7 33.3
8 6.7 26.7 5.3 4.0 6.7 12.0 6.7 12.0
9 18.7 14.7 5.3 1.3 9.3 6.7 5.3 10.7

Table 3  Prevalence of various 
eating and movement behaviour 
patterns (n = 75 if not indicated 
otherwise)

T value Median Average (min–max) Standard 
deviation

Salutogenic eating behaviour: overall score 49 49.7 (34–78) 9.2
Salutogenic eating behaviour: sports 50 50 (29–74) 8.4
Salutogenic eating behaviour: middle control 47 47 (28–80) 10.5
Salutogenic eating behaviour: enjoyment 53 52 (30–75) 11.3
Salutogenic eating behaviour: suggestion imple-

menting (n = 74)
53 53.1 (29–72) 7.6

Pathogenic eating behaviour: cognitive control 53 52.7 (36–72) 8.2
Pathogenic eating behaviour: disinhibition 49 48.7 (31–74) 8.7
Pathogenic eating behaviour: emotional eating 55 54 (38–73) 9.3
Handling of food 45 46.9 (9–71) 10.8
Quality of life overall score 30 39.1 (24–72) 13.3
Movement motivation: overall score 38 40.3 (28–72) 8.4
Movement motivation: fun and satisfaction 36 37.8 (21–67) 8.9
Movement motivation: aesthetics 48 50 (30–68) 8.6
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values are already adjusted for weight, further adjustment 
of the data for BMI is not indicated. Within the scale “salu-
togenic eating behaviour”, only the sub-category “sugges-
tion implementing” (e.g. implementing eating and move-
ment recommendations into daily life) showed a sex, but 
no age effect (r = − 0.42; p < 0.001). The mean T value was 
within the normal range for males (47.4 ± 7.4) and females 
(54.8 ± 6.8). However, the prevalence of men in the below 
average group (T value < 40) was higher (11.7%) than that of 
women (0%) while the opposite was true for the above aver-
age group (T value ≥ 60; men 0% and women 17.5%). Within 
the scale “pathogenic eating behaviour”, sex or age, respec-
tively, had an impact on the sub-categories “emotional eat-
ing” (r = − 0.31; p < 0.001) and “cognitive control” (r = 0.31; 
p < 0.001). The mean T value for “emotional eating” (e.g. 
eating due to internal stimuli such as stress, depression) was 
within the normal range for males (48.7 ± 10.0) and females 
(55.6 ± 8.6). However, there were more women (32.8%) than 
men (11.8%) in the above average group (T value ≥ 60). The 
mean T value for “cognitive control” [high mental occupa-
tion with “not eating”, e.g. eating is only “allowed” at cer-
tain time points during the day which may lead to the oppo-
site reaction (disinhibition) with eating attacks] was within 
the normal range for subjects aged 20–34 years (49.9 ± 8.7) 
and those aged 35–75 years (53.5 ± 7.9). However, older par-
ticipants (23.2%) were more likely to be within the above 
average group (T value ≥ 60) than younger (15.8%) while 
the opposite was true for the below average group (T value 
< 40; 20–34 years: 10.5% and 35–75 years: 3.6%). Within 
the scale “movement motivation” only the sub-category 
“fun and satisfaction” (e.g. internal motivation for move-
ment such as having fun, meeting friends) was affected by 
sex (r = − 0.31; p < 0.001), but not age. Interestingly, mean 
T values were below average (T value < 40) for both, men 
(32.8 ± 5.8) and women (39.3 ± 9.2). Moreover, even more 
men (94.1%) than women (67.2%) were in the below-average 
group. Handling of food and quality of life were not affected 
by age and sex.

Impact of illness perception (PATEF) on eating 
and movement behaviour (AD‑EVA) and vice versa

Correlation analysis of PATEF and AD-EVA categories is 
presented in Table 4. Only eating, but not movement behav-
iour was associated with certain illness perceptions, espe-
cially psychosocial theories. Salutogenic eating behaviour 
(sub-categories overall, middle control, sports) was sig-
nificantly negatively correlated with the psychosocial scale 
(sub-categories overall, external, internal). Thus, overweight 
and obese people with prevalent feelings of helplessness, 
depression and dissatisfaction were less likely to sensibly 
manage their eating habit to maintain and support well-being 
and health. In other words, overweight and obese people 
with salutogenic eating behaviour were less likely to blame 
psychosocial factors and their health behaviour as being the 
cause for overweight/obesity. Pathogenic eating behaviour 
was significantly positively correlated with the psychoso-
cial and health behaviour scale. Thus, overweight and obese 
people with low self-esteem were more likely to eat without 
control and due to emotions. To put it in another way, over-
weight and obese people with emotional eating patterns were 
more likely to report behavioural or psychosocial reasons for 
being overweight/obese. Similarly, individuals being easily 
disinhibited by food pictures or clues were more likely to 
have a behavioural or psychosocial internal illness percep-
tion. The handling of food significantly correlated with the 
psychosocial scale (sub-categories overall, external, inter-
nal) indicating that a person with high craving and addiction 
scores was more likely to present with psychosocial illness 
perception.

Bio‑functional age (BFA)

For bio-functional age (BFA) calculation, age 35 is an 
accepted cut-off value [20]. In our cohort, 56 partici-
pants (75%) were above age 35. In this group, mean BFA 
was 44.0 ± 7.2 years and mean CA 52.9 ± 6.1 years (see 

Table 4  Correlations between PATEF and AD-EVA; only statistically significant correlations are shown (*p < 0.05/**p < 0.001)

AD-EVA PATEF

Overall score (OS) Behav-
ioural (BH) 
scale

Naturalistic (NT) scale Psychosocial (PS) scale

Overall External Internal Overall External Internal

Salutogenic eating behaviour: overall score − 0.44** − 0.33** − 0.38**
Salutogenic eating behaviour: sports − 0.32** − 0.29**
Salutogenic eating behaviour: middle control − 0.36** − 0.34** − 0.25* − 0.47** − 0.34** − 0.41**
Pathogenic eating behaviour: disinhibition 0.29** 0.29* 0.25*
Pathogenic eating behaviour: emotional eating 0.29* 0.29*
Handling of food 0.44** 0.35** 0.44**
Quality-of-life overall score
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Table 5). The mean difference between CA and BFA was 
8.6 ± 0.8 years equivalents (which matches the findings of 
the complete BeCS-14 [12]). There was a significant correla-
tion between BFA and CA (r = 0.34, p < 0.05) indicating a 
higher BFA was associated with a higher CA. Furthermore, 
a higher BFA was associated with functional pro-aging as 
there was a significant correlation between BFA and the CA-
BFA difference (r = 0.642, p < 0.001). BFA also significantly 
correlated with sex (r = 0.33, p < 0.05), indicating that males 
were more likely to be functionally older. There was no asso-
ciation between BFA and BMI or fat mass, respectively.

Impact of illness perception (PATEF) 
and eating and movement behaviour (AD‑EVA) 
on bio‑functional age (BFA)

All theories of causes for overweight/obesity, but HB were 
significantly positively correlated with BFA and the CA-
BFA difference (Table 5) indicating that bio-functionally 
younger individuals was less mentally occupied with the 
reasons for being overweight/obese. In other words, being 
mentally occupied with the causes of overweight/obesity 
was associated with pro-aging, that is being bio-function-
ally older. In particular, that was true for subjects with low 
self-esteem, depression, etc. (psychosocial theory), and 
those with fatalistic tendency or passive features (natural-
istic theory). Interestingly, eating and movement behaviour 
(AD-EVA scores) was not associated with BFA.

Discussion

To our knowledge, this is the first study to investigate illness 
perception in overweight and obese people and its impact on 
bio-functional age. We found that (1) in overweight/obese 
people, mental occupation with the cause of overweight/
obesity was generally moderate to high, but decreasing with 

age; (2) the predominant theories for being overweight/obese 
were health behaviour (58.7%) and psychosocial factors 
(33.3%); (3) overweight/obese people (especially women) 
with psychosocial theories on illness causes (e.g., depres-
sion, dissatisfaction, family and friends) were more likely 
to have emotional or disinhibited eating patterns; (4) cogni-
tive control of eating patterns increased with age in both 
sexes; (5) in overweight/obese people movement motivation 
was decreased and less likely associated with fun; (6) over-
weight/obese people were still bio-functionally younger than 
their CA (8.6 ± 0.8 year equivalents), although (7) quality of 
life was below average and (8) the probability of functional 
pro-aging was increased in those being especially mentally 
occupied with the causes for overweight/obesity and in sub-
jects with low self-esteem, depression, etc. (psychosocial 
theories), and those with a fatalistic tendency or passive fea-
tures (naturalistic theories). However, (9) overweight/obese 
women seem to be willing to implement recommendations 
on eating and movement into their daily life.

Distinct cognitive patterns have been shown to regulate 
eating and movement behaviour [11], some of which are 
assessed by the AD-EVA, e.g. “restraint eating” [26–28], 
“disinhibition” [29], “emotional eating”, “enjoyment”, 
“craving” and “addiction” [10], respectively. However, 
despite the epidemic burden of overweight and obesity and 
proven positive impact of professional support for changing 
illness perceptions on disease outcomes [30–32], patients’ 
theory on the causes of overweight/obesity has not been 
studied before. The pre-condition for a successful profes-
sional intervention in overweight/obese seems to be good 
as the awareness of and mental occupation with overweight/
obesity was generally high and the perceived quality of life, 
below average. Interestingly, as psychosocial factors (PATEF 
subscales PS, PSI and PSE) did not correlate with the AD-
EVA subscale “quality of life”, overweight/obesity itself 
rather than psychosocial issues seem to negatively affect 
quality of life. However, although health behaviour was 
considered as being the main reason for overweight/obesity, 
psychosocial and combined psychosocial and naturalistic 
causes were considered as being the second and third most 
important causes for overweight/obesity, respectively. Thus, 
weight loss programmes focusing on calories and exercise 
are unlikely to be successful in people that do not believe 
that their health behaviour is the main cause of overweight/
obesity. As people with psychosocial illness perceptions tend 
to have low self-esteem, depression, inner restlessness and 
feelings of helplessness, psychotherapy should be part of 
their weight loss programme. Indeed, cognitive behavioural 
therapy in overweight and obesity has been shown to be 
successful manifold [33, 34]. However, due to our results, 
we believe that some further understanding of how illness 
perceptions on overweight/obesity affect cognitive patterns 
that regulate eating and movement behaviour and vice versa 

Table 5  Correlations between PATEF and BFA; only statistically sig-
nificant correlations are shown (*p < 0.05/**p < 0.001)

BFA was calculated for CA > 35 years only

PATEF BFA Difference 
BFA-CA

Overall score 0.31* 0.38**
Behavioural 0.19 0.18
Naturalistic 0.41** 0.47**
Naturalistic external 0.35** 0.35**
Naturalistic internal 0.29* 0.41**
Psychosocial 0.28* 0.32*
Psychosocial external 0.31* 0.33*
Psychosocial internal 0.29* 0.28*
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will be helpful for successful psychosocial interventions. 
Pathogenic eating behaviour such as emotional eating was 
predominantly found in females (32.8% of the women). Sub-
jects having a tendency for being overwhelmed by emotions 
more likely consider their behaviour, e.g. excessively eating, 
and/or psychological stress as crucial for their overweight/
obesity, respectively, which then reinforces overwhelming 
(negative) emotions and disinhibition implying that food 
clues (advertisement, smell) cannot be resisted—a vicious 
circle. Similarly, salutogenic eating behaviour also depended 
on psychosocial illness perception. The higher the psychoso-
cial stress level of an individual, the lower was his/her abil-
ity to handle eating and moving behaviour in a salutogenic 
way, even if the subject was fully aware of this association. 
Similarly, middle control was low in overweight/obese sub-
jects with behavioural and psychosocial illness perceptions, 
reflecting a less flexible, but more rigid cognitive control 
that is prone to eating attacks. A high cognitive control can 
lead to ignoring internal/external stimuli (such as low blood 
sugar level) which might end up in the opposite behaviour 
such as uncontrolled eating attacks [10]. Interestingly, cog-
nitive control that is a restraint eating pattern increased 
with age. We suggest that it takes time to build up cogni-
tive patterns such as restraint eating. Most weight loss pro-
grammes include recommendations on exercise. However, 
overweight/obese people might have difficulties to translate 
those “helpful” recommendations into daily life as we found 
that movement motivation was below average in our cohort. 
Specifically, exercising was not associated with fun and sat-
isfaction, but possibly more with duty. This was particularly 
true for males. Men also were less approachable for eating 
suggestions, which may go along with lower age-dependent 
nutrition knowledge [35, 36].

Keeping in mind, that overweight/obesity was associated 
with below-than-average quality of life, we wanted to explore 
if overweight/obesity had an impact on an individual’s func-
tioning, assessed by his/her bio-functional age. Indeed, sub-
jects being highly mentally occupied with or believing in 
psychosocial and naturalistic causes for overweight/obesity 
were more likely to be functionally older than those with a 
behavioural illness perception. One might argue that subjects 
with higher BFA were also chronologically older increas-
ing the risk of having “real” medical conditions that might 
support their naturalistic (internal) perception. However, in 
our cohort, the prevalence of severe medical conditions was 
low. Thus, we believe that “medically less compelling” rea-
sons such as hormonal dysbalances might be preferentially 
blamed for being overweight/obesity. Similarly, individu-
als with higher BFA were more likely to have psychosocial 
perceptions of overweight/obesity. Indeed, BFA calculation 
is based on the bio-functional status, comprising 45 items 
of physical, mental, cognitive, emotional and social func-
tions [12]. Thus, from the patient’s perspective, emotional 

and social strengths and resources assessed by the BFS/
BFA were also perceived as being crucial for being/becom-
ing overweight/obese, assessed by the PATEF. On the other 
hand, there were no correlations between BFA and AD-EVA 
indicating that bio-functional age(ing) was not affected by 
cognitive eating and movement patterns.

Our study has some limitations. The sample size was 
quite small and only 75% were aged above 35, and thus 
applicable for BFA calculation and there were few exclusion 
criteria (e.g. psychiatric disease was not a reason for exclu-
sion). Sex was not equally distributed (77.3% women). As 
the PATEF is only applicable for diseases, we did not ask our 
BeCS-14 participants with normal weight to fill it in. Thus, 
we were not able to compare our results in overweight/obese 
subjects to those with normal weight. We could find some 
correlations between PATEF, AD-EVA and BFA. However, 
we did not find causal associations, but could only speculate 
on them. The advantage of our study is that illness percep-
tions have been analysed for the first time in overweight/
obese people supporting the importance of cognitive inter-
ventions in weight loss programmes not only for weight 
reduction, but also for bio-functional age. Specifically, we 
could show that cognitive interventions should be even tai-
lored to age and sex.

Conclusion

Overweight and obesity are risk factors for developing non-
communicable diseases. However, despite the worldwide 
effort to reduce its prevalence, the numbers are continuously 
increasing. We showed that overweight/obese people were 
highly mentally occupied with the causes of overweight/
obesity probably reducing their quality of life and increas-
ing the risk of functional pro-aging. The predominant theo-
ries for being overweight/obese were health behaviour and 
psychosocial factors. Consciously perceived psychosocial 
stress was found to be a main factor to disturb health and 
promote unhealthy cognitive patterns regulating eating and 
moving habits. We are convinced that with integrating ill-
ness perception on overweight/obesity into weight loss pro-
grammes, chances for long-term success would increase. 
The physician/coach could then allocate an overweight/
obese patient to an individually appropriate weight reduc-
tion programme—or to none at all if, e.g. illness perception 
was primarily naturalistic.
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