MedDocs Publishers

%
MEDDOCS

Open Access Publisher

Journal of Gerontology and Aging Studies

Open Access | Research Article

Impact of Chronic Stress Exposure and Illness
Perception on Bio-Functional Age in Overweight
and Obese People on the Alteration of The Bio-
Functional Age, Bio-Functional Status, And Illness
Percep-tion: A Follow-Up Study

Linda Maria Roggo’; Tiziana Felicitas Aimée Marti’>; Norman Bitterlich®; Michael von Wolff*; Dagmar Poethig®; Petra Stute**

Department of Internal Medicine, Hospital Center Biel, Vogelsang 84, CH-2501 Biel, Switzerland.

2Department of Obstetrics and Gynecology, University Clinic Inselspital Bern, Friedbiihlstrasse 19, CH-3010 Bern, Switzerland.
3Medizin & Service GmbH, BoettcherstrafSe 10, D-09117 Chemnitz, Germany.
“Department of Obstetrics and Gynecology, University Clinic Inselspital Bern, Friedbiihlstrasse 19, CH-3010 Bern, Switzerland.

>European Association on Vitality and Active Aging eVAAe.V, Dittrichring 4 D-04109 Leipzig, Germany, EIP-AHA Reference Site

Saxony.

*Corresponding Author(s): Petra Stute
Department of Obstetrics and Gynecology, University
Clinic Inselspital Bern, Friedbihlstrasse 19, CH-3010
Bern, Switzerland.
Tel: +41-0-31-632-1303; Fax: +41-0-31-632-1305;
Email: petra.stute@insel.ch

Received: Oct 16, 2023
Accepted: Nov 21, 2023
Published Online: Nov 28, 2023

Journal: Journal of Gerontology and Aging Studies
Publisher: MedDocs Publishers LLC

Online edition: http://meddocsonline.org/

Copyright: © Stute P (2023). This Article is distributed
under the terms of Creative Commons Attribution
4.0 International License

Keywords: Bio-functional age; Perceived chronic stress
exposure; lliness perception; Overweight; Obesity; Bern cohort
study 2014 (becs-14).

i

Abstract

Objective: Self-perceived chronic stress exposure and
individual illness perception have been identified as risk
factors for accelerated aging. Overweight/obesity has been
associated with these influencing factors, as well as an un-
healthy lifestyle, which may contribute to unhealthy aging
despite increasing life expectancy. This study aimed to eval-
uate the impact of daily perceived chronic stress exposure
and individual illness perception on the bio-functional aging
process in an overweight/obese population.

Methods: This research conducted a follow-up study
based on the Bern Cohort Study-2014 (BeCS-14), allowing
for a diachronic comparison 03f 40 subjects (bio-functional
age 235 years) from the “nutrition” subgroup (BMI =25 kg/
m?). Participants underwent a standardized test battery to
assess their bio-functional status, as in the previous study.

Results: The results of this follow-up study revealed a
decrease in the difference between Bio-Functional Age
(BFA) and Calendrical Age (CA), indicating signs of prema-
ture bio-functional aging (from 9.58 to 5.76 years, p<0.001)
compared to the BeCS-14. The body functions (physical,
physiological, cognitive, and emotional-social) exhibited a
declining trend, while the prevalence of Non-Communicable
Diseases (NCD) increased. Self-perceived chronic Stress Per-
ception Remained Constant (SSCS, p=0.792), whereas Social
Isolation (SOZI), work overload (UEBE), Excessive Demands
At Work (UEFQ), and Pressure to Perform (ERDR) rose irre-
spective of age and gender. Higher mental preoccupation
with the cause of illness positively correlated with increased
chronic stress perception (SSCS - PSI, rs=0.663).

Cite this article: Roggo ML, Marti TFA, Bitterlich N, Wolff MV, Poethig D, et al. Impact of Chronic Stress Exposure and
Iliness Perception on Bio-Functional Age in Overweight and Obese People on the Alteration of the Bio-Functional
Age, Bio-Functional Status, and lliness Perception: A Follow-Up Study. J Gerontol Aging Stud. 2023; 1(1): 1001.

1



MedDocs Publishers

Conclusion: The findings suggest that an increase in
NCD (non-communicable diseases), decline in physical and
cognitive abilities, and negative changes in health behaviour
contribute to accelerated bio-functional aging. Young (<45
years) overweight/obese individuals, particularly females,
appear to be vulnerable to self-perceived chronic stress ex-
posure and individual illness perception.

Introduction

Advances in medicine have increased life expectancy [1]. Ac-
cording to the World Health Organization(WHO), in 2020, more
than a billion people worldwide were at least 60 years old, and
this number is predicted to double by 2050 [2]. However, in-
creasing life expectancy is also accompanied with a higher
number of life transitions (e.g., development of co-morbidi-
ties, retirement, environmental changes, death of family and
friends) which may reduce Quality Of Life (Qol) on an individual
level and increase economic burden on a public level [3]. Thus,
healthy aging is a major goal on both, the individual and societal
level.

Aging can be operationalized in diverse ways with the most
classical being the Chronological Age (CA). However, CA does
not necessarily reflect aging on a functional level. Thus, the
term Bio-Functional Age (BFA) was introduced reflecting an in-
dividual’s bio-psycho-mental-social functioning [4,5]. The BFA
can reliably be assessed by a non-invasive, validated, sex- and
age-specific test battery, called the Bio-Functional Status (BFS)
[6].

Several preventive and risk factors have been found to be
associated with bio-functional aging. While well-preserved
physical functions and good mental health are thought to be
preventive [7], overweight/ obesity [8-10], related increased
self-perceived chronic stress exposure [11,12,13], and individu-
alillness perception [9,14] have been found to be risk factors
for pro-aging. As the number of overweight / obese people is
constantly increasing, the number of vulnerable people at risk
for non-healthy aging also increases [15].

Development of overweight / obesity is multi-factorial
[15,16]. Self-perceived chronic stress exposure appears to have
a negative impact on health behaviors, which in turn are sug-
gested to be risk factors for overweight/obesity [17]. Further-
more, overweight and obese individuals more often suffer from
a stigma that distorts their illness perception due to different
psychosocial factors, e.g., low body perception, inner satisfac-
tion, self-esteem and sense of exclusion [18].

The Bern Cohort Study 2014 (BeCS-14) is a longitudinal ob-
servational cohort study assessing the BFS/BFA in the context
of other factors (e.g., chronic stress exposure, nutrition, work-
place) [6]. In a previous transversal analysis, we examined the
impact of self-perceived chronic stress exposure on BFA in over-
weight / obese subjects [13]. In the current follow-up study af-
ter five years, we aimed to investigate whether 1) (change in)
self-perceived chronic stress exposure was a predictor of pre-
mature aging, and 2) (change in) individual illness perception
had an impact on BFA in overweight / obese individuals.

Material and Methods
Study design
The Bern Cohort Study 2014 (BeCS-14) is a single-centered,

longitudinal, observational, non-interventional, non-random-
ized study, which has been described in detail before [13]. At
baseline, the overweight / obese subgroup consisted of 99
subjects [6], of whom 95 were interested in continuous project
participation. They were contacted for follow-up assessments,
with 40 subjects (40.4%) being successfully recruited for the
current study. The remaining subjects were either unavailable
(n=11), deceased (n=2), declined participation (n=18), or did
not respond (n=24). All study procedures were performed at
the Department of Obstetrics and Gynecology, Inselspital Bern
Switzerland, between 2019-12-05 and 2020-07-14. The project
was approved by the Cantonal Ethics Committee Bern, Switzer-
land (Ref-Nr. KEK-BE: 2019-01109) with written consent of each
subject.

Assessments

Assessments at baseline [6] and at follow-up were identi-
cal. They comprised 1) a questionnaire to record the personal
and family history (supplementary file 1), 2) validated question-
naires to assess self-perceived chronic stress exposure (TICS)
[19,20] and illness perception (PATEF) [21], and 3) the BFS/BFA
test battery [6,13], respectively. Assessments were performed
by two doctoral students (LMR, TFAM).

Bio-Functional Status (BFS) and Bio-Functional Age (BFA)

The BFS was assessed by using a comprehensive test battery
developed by Poethig et al., previously described and reported
by others [4-6; 9;13; 22-24]. The test battery (22 tests, 45 vari-
ables) includes holistic characteristics from the physical (diasto-
lic and systolic blood pressure, pulse rate at rest and during ef-
fort, vital capacity, grip strength), sensory-psychomotor (visual
acuity, hearing function, psychomotor endurance), cognitive-
mental (visual, auditory, verbal and cognitive reaction times,
ability to concentrate, strategic thinking, memory and orienta-
tion skills) and emotional-social domain (emotional and physi-
cal well-being, exposure to stress, stress predisposition, sense
of coherence), that fit into a complex theoretical model incor-
porating the ICF and AHA concept [6]. The test battery for BFS
assessment is a validated age- and sex-specific tool (objectivity
0.96, reliability 0.93, females age validity: Total age correlation
85.2 %; total age commonality in the main factor 76.3 %) [13].
The BFA is based on a sex-specific regression and factor analysis
of functional age. BFA (year-equivalents) can only be calculated
for subjects with a CA of at least 35 years [6,13]. BFA < CA corre-
sponded to slower bio-functional aging than expected, associ-
ated with normal to very well-preserved functions in one to sev-
eral of the domains listed above. BFA > CA, on the other hand,
reflected premature aging with a faster than expected decline
in these studied functions.

Trier Inventory for the Assessment of Chronic Stress (TICS)

TICS is a standardized, validated questionnaire (Cronbach al-
pha 0.9) [20] and has already been described in detail before
[13]. It captures nine aspects of chronic stress and indicates
how often one has experienced that particular stress in the last
3 months: e.g., Work Overload (UEBE), Social Overload (SOUE),
Pressure To Perform (ERDR), Job Dissatisfaction (UNZU), Job
Overload (UEFO), Lack Of Social Recognition (MANG), So-
cial Tension (SOZS), Social Isolation (SOZI) and Chronic Worry
(SORG). Each of the 57 items is rated on a five-point rating scale
(0 - never; to 4 - very often), where a higher score represented
an increased chronic stress perception. A global score for chron-
ic stress over the past three months can be measured using the
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Screening Scale for Chronic Stress (SSCS). This is formed by five
of nine aspects of chronic stress (SORG, UEBE, SOUE, UEFO,
MANG). SSCS has a total score ranging from 0 to 48 points and
can be divided into three subcategories of perceived chronic
stress intensity based on the score: below average stress (0-11
points), above average stress (12-22 points) and extreme stress
(>22 points) [25]. Reference values are only given for the three
age categories and not for gender.

lliness perception (Patiententheoriefragebogen, PATEF)

PATEF is a validated German questionnaire addressing pa-
tient’s illness perception [21]. And has already been described
before [9]. It was composed of 46 items in total covered in eight
different scales: e.g., Psychosocial Attribution (PS), consisting
of Psychosocial Internal (PSI) and Psychosocial External (PSE)
factors; Naturalistic Attribution (NT), consisting of Naturalistic
Internal (NTI) and Naturalistic External (NTE) factors; Health Be-
haviour (HB) and an Overall Score (OS). The participants provid-
ed answers using a five-point rating scale (O=definitely not; to
4=very sure). The raw values were subsequently converted into
stanine values (S-values (1-9)) according to age (</= 45 years)
and sex [21]. The OS determines 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 correspond to mental occupation with illness
cause but indecisive about the cause; S> 6 corresponds 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. High S-values (> 6) in PSE
(a=0.87, r=0.79) predict a high risk for helplessness and depres-
sion, whereas high S-values (> 6) in PSI (a=0.93, r=0.73) indicate
dissatisfaction and low self-esteem. High S-values (> 6) in NTE
(0=0.81, r=0.74) show a highly fatalistic tendency blaming the
environment, whereas high S-values (> 6) in NTI (a=0.72, r=0.74)
indicate a highly possible passivity (considering their own body
as “too weak”). High S-values (> 6) in HB (a=0.93, r=0.7) indicate
an underlying suspicious lifestyle habit. 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 [21].

Statistics

The statistical analysis was conducted in collaboration with
the statistical institute in Leipzig using the Statistical Package for

Table 1: Characteristics of the cohort at baseline and follow-up.

The Social Sciences (SPSS) version 27. The descriptive statistics
contained the calculation of the mean, range (min-max), stand-
ard deviation and for ordinal parameters the percentages. The
statistical significance was set at p< 0.05 applying the signed-
rank Wilcoxon test, expressing the relevance with the effect size
(r) (< 0.3 small effect, > 0.3 and < 0.5 as medium and values
> 0.5 strong effects). Statistical correlations at baseline (same
subgroup) and this follow-up study were assessed by the level
of significance of 5% (two-sided) or 2.5% (one-sided) using the
Spearman product-moment coefficient (r ). There were no miss-
ing data for the BFA/BFS and PATEF, whereas 9 data sets from
the anamnesis questionnaire and TICS were missing.

Results
Cohort characteristics

Table 1 presents the cohort’s characteristics at baseline and
follow-up after 5.4 (+3.3) years. Most participants were female.
CA was 49.2 + 11.3 years at baseline and 54.9 + 11.4 years at fol-
low-up. Mean BMI was within the obese range (30.4 kg/m?) and
did not significantly change across the observation period (+
0.05 kg/m?). However, at follow-up the standard deviation was
greater than at baseline indicating a greater variation in weight
gain or loss. Still, at follow-up most subjects were either over-
weight (42.5%), or obese (47.5%), respectively. In respect to
lifestyle, there was no significant change in alcohol and tobac-
co consumption across the observation period while physical
activity increased, e.g., the number of subjects exercising > 2/
week had tripled. Sleep duration remained stable, yet a deterio-
ration in sleep quality was reported. Satisfaction with partner-
ship and sex life was generally high. Employment level changed
across the observation period with less subjects working full-
time at follow-up while the number of retired participants had
increased. Still, work related stress levels seemed to have in-
creased as more subjects reported fewer sick days despite not
feeling well (presenteeism). This may be due to a generally de-
creased health status as 17.5% of the subjects reported loss of
walking ability at follow-up and 15% hospitalization up to four
times during the observation period. Similarly, the prevalence
of cardiovascular risk factors (hypertension, dyslipidemia, dia-
betes mellitus) and chronic Non-Communicable Diseases (NCD)
(diseases of the gastrointestinal tract, sleep disorders, depres-
sion, headache) increased from baseline to follow-up, yet no
life-threatening events were registered at either time point.

Parameter Baseline (n=31) Follow-up (n=40)

Female 83.9 (n=26) 85 (n=34)
Sex [%]

Male 16.1 (n=5) 15 (n=6)
Chronological age (mean + SD) [years] 49.2+11.3 549+11.4
BMI (mean + SD) [kg/m?] 30.1+4.3 30.4+5.0

Economy/Administration/Service 25.8 22.5

Social/Nursing/Education 38.7 37.5
Working field [%]

Student 3.2 0.0

Others (Retired, Language, technical jobs) 35.5 40.0

Full time 48.4 35.0
Employment level [%] Part time (50-89%) 29.0 35.0

Part time (<50%) 16.1 7.5
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Retired 0.0 22.5
Jobless (incl. students) 6.5 0.0
Never 45.2 17.5
Once 16.1 20.0
Working despite feeling sick .
2-6 times 25.8 30.0
[%]
>6 times 13.0 7.5
Missing answer 0.0 25.0
None 71.0 50.0
Sick days (last month) [%] 1 or more days 29.1 25.0
Missing answer 0.0 25.0
Yes 12.9 22.5
Stress due to sick days [%] No 87.1 50.0
Missing answer 0.0 22.5
Never 9.7 10.0
Once a month 9.7 22.5
Alcohol frequency [%] 2-4x/month 38.7 30.0
2-3x/week 38.7 325
>4x/week 3.2 5.0
Never smoked 51.6 55.0
Smoking [%] Ex-smoker 38.7 32.5
At least 10 cigarettes per day 9.7 12.5
Rarely 9.7 15.0
<1/week 25.8 17.5
Sports [%]
1-2/week 51.6 37.5
>2/week 12.9 30.0
<5 hours 0.0 5.0
6h 32.3 25.0
Sleep duration (h) [%]
7h 48.4 57.5
>8 hours 19.4 12.5
Rather good or better 83.9 80.0
Sleep quality [%]
Rather bad or worse 16.1 20.0
Very low 0.0 2.5
Low 3.2 10.0
Satisfaction with partnership R
Medium 12.9 7.5
[%]
High 32.3 17.5
Very high 51.6 62.5
Very low 9.7 10.0
Low 6.5 5.0
Satisfaction with sex life [%] Medium 25.8 10.0
High 29.0 40.0
Very high 29.0 35.0
Hypertension 25.8 375
Diabetes mellitus 6.5 7.5
Hyperlipidemia 25.8 27.5
Personal history [%]
Disease of GIT 32.3 35.0
Sleep disorder 35.5 45.0
Depression 22.6 27.5
Life threating events [%] 0.0 0.0
Yes Missing data 10.0
Hearing aid [%]
No Missing data 90.0
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Yes Missing data 80.0
Glasses [%]

No Missing data 20.0
Number of medications (mean £ SD) [n] Missing data 19+1.8

Vitamins and supplements Missing data 30.0
Most common medicaments Antihypertensives Missing data 25.0
[%] Herbal preparations Missing data 15.0

Psychotropic drugs Missing data 12.5

Abbreviations: Mean: Mean Value; SD: Standard Deviation; N: Number Of Probands Answering The Questionnaire; BMI: Bodi-Mass-Index.

At baseline 9 data sets were missing.
Bio-Functional Status (BFS) and Bio-Functional Age (BFA)

Supplementary file 2 presents the cohort’s BFS items and
BFA at baseline and follow-up. Mean BFA was 44.4 + 8.1 year-
equivalents at baseline (n=34 subjects, 85%), and 53.9 + 8.0
year-equivalents at follow-up (n=35 subjects, 87.5%), respec-
tively. There was a significant difference when comparing
baseline and follow-up BFA ranges (A +9.5 year-equivalents, p<
0.001, r=0.62) with BFA range being wider at baseline. At follow-
up BFA range had decreased by 50% (p< 0.001, r=0.43), indicat-
ing premature aging.

When comparing single BFS items and sub domains at
baseline and follow-up, a significant decrease in physical fit-
ness was observed, e.g., performance time (p=0.012, r=-0.29),
and performance time index (p=0.039, r=0.24). Furthermore,
dental status deteriorated (p=0.008, r=-0.43), body height de-
creased (p=0.002, r=-0.49), systolic blood pressure increased
(p=0.025, r=0.25), visual acuity (left eye p=0.035, r=0.43; right
eye p=0.005, r=0.57) and bilateral hearing (2048 Hz: p=0.077,
r=0.20; 4096 Hz p=0.005, r=0.33) deteriorated, respectively.

Similarly, in the mental-cognitive sub domain, some signifi-
cant adverse changes were observed. For example, test moti-
vation (p=0.000, r=0.62), psychomotor endurance (p=0.000,
r=0.54), switching capability (p=0.000, r=0.44), strategic think-
ing (p=0.042, r=0.23), memory performance (p=0.004, r=0.32),
and orientation capability (p=0.024, r=0.253) deteriorated dur-
ing the observation period. Within the psycho-social domain,

Table 2: Self-perceived chronic stress exposure.

physical and emotional wellbeing decreased (p=0.464) while
described stress exposition increased (p=0.111). The only BFS
items that improved during the observation period were acous-
tic (p=0.005, r=0.31) and pursuing reaction time (p=0.000,
r=0.53).

Self-perceived chronic stress exposure

Table 2 presents the cohort’s baseline and follow-up TICS
data also comparing them to the T 50 reference cohort (T50
C) provided by the TICS inventory. At baseline and follow-up,
the mean SSCS was similar and somewhat lower than the T
50 C, suggesting a constant, lower than average self-perceived
chronic stress exposure. When comparing TICS sub domains
between baseline and follow-up, there was only a significant
change found for “chronic worrying” (SORG), indicating that
subjects at follow-up worried significantly less about problems
outside their control (e.g., worrying about personal health is-
sues, or environmental impacts on the human body). Based on
the global score SSCS three stress level categories can be differ-
entiated (below average stress, above average stress, extreme
stress). These are presented in Table 3 comparing baseline and
follow-up data of the cohort. In particular, the > 31-year-olds,
majority women, with a BMI class of 3 and 4, with slow aging
(BFA < CA) showed below average stress levels. A higher stress
level was found among younger persons and with a higher BMI
class. The extreme stress level decreased tremendously across
the observation period in all subgroups but the youngest.

) Baseline Follow-up Statistical differ-
) Baseline Follow-up (mean Max o

TICS domain T50C Range 5th—95th per- 5th—95thper- | ence (significant

(mean (SD)) (n=40) (SD)) (n=40) Score . .

centile centile p<0.05)
Screening scale (SSCS) 12.1 (6.6) 12.0 (6.6) 13.0 2.0-29.0 48 2.1-24.9 3.0-27.7 p=0.79
Work overload (UEBE) 11.2 (5.1) 12.2 (6.6) 12.5 0.027.0 | 32 1.1-19.0 2.0-25.9 p=0.60
Social overload (SOUE) 10.1 (4.7) 9.2 (4.7) 7.0 0.0-19.0 24 2.0-17.0 1.0-15.0 p=0.17
Pressure to perform (ERDR) 11.7 (6.6) 12.3(5.9) 17.0 0.0-23.0 | 36 2.0-25.9 1.1-22.0 p=0.19
Work discontent (UNZU) 8.5(4.6) 8.0 (4.8) 9.0 1.0-22.0 | 32 0.1-14.0 1.0-17.0 p=0.22
Excessive demands at work (UEFO) 4.6 (2.5) 5.0(3.3) 4.5 0.0-14.0 24 0.1-8.0 0.0-11.0 p=0.62
Lack of social recognition (MANG) 3.8 (2.6) 3.8(2.8) 4.0 0.0-12.0 | 16 0.0-9.0 0.0-9.0 p=0.84
Social tensions (SOZS) 4.3 (3.5) 3.9(2.7) 5.0 0.0-10.0 24 0.0-10.9 0.1-9.0 p=0.40
Social isolation (SOZI) 5.7 (3.7) 6.0 (5.4) 5 0.0-22.0 24 0.1-13.9 0.1-21.8 p=0.95
) ) p=0.00
Chronic worrying (SORG) 38.1(19.9) 4.0(2.9) 14 0.0-14.0 16 2.0-57.9 0.0-11.9 r20.59

n: number of probands; mean: mean value, SD: standard deviation; T50C: Reference Cohort (provided by the TICS inventory), r: effect size of a

significant correlation.
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Table 3: Self-perceived chronicstress exposure, assessed by global score SSCS.

Parameter

Below average stress (SSCS<11
points) [%] (n) p-value

Above-average stress (SSCS 12-22
points) [%] (n) p-value

Extreme stress (SSCS >22
points) [%] (n) p-value

Sex (correlation with stress levels: p<0.001, r=0.56)

Females (n,=34; n,=26)

Follow-up: 47.1 (16)
Baseline: 42.3(11)

Follow-up: 47.1 (16) p=0.01
Baseline: 50.0 (13) p=0.001

Follow-up: 5.8 (2)
Baseline: 7.7 (2)

Males (n,=6; n,=5)

Follow-up: 33.3 (2)
Baseline: 60.0 (3)

Follow-up: 66.6 (4)
Baseline: 40.0 (2)

Follow-up: 0.0 (0)
Baseline: 0.0 (0)

Whole Cohort (n =40, n,=31)

Follow-up: 45.0 (18)
Baseline: 45.1 (14)

Follow-up: 50.0 (20)
Baseline: 48.4 (15)

Follow-up: 5.0 (2)
Baseline: 6.5 (2)

Age categories (correlations with stress levels: p<0.001, r=0.62)

Age category «16-30 years» (n,=1, n=3)

Follow-up: 0.0(0)
Baseline: 33.3 (1)

Follow-up: 0(0)
Baseline: 66.6 (2)

Follow-up: 100.0 (1)
Baseline: 0.0 (0)

Age category «31-59 years» (n =25, n_=22)

Follow-up: 44.0 (11) p=0.01
Baseline: 45.5 (10) p=0.002

Follow-up: 52.0 (13)
Baseline: 45.5 (10)

Follow-up: 4.0 (1)
Baseline: 9.0 (2)

Age category «60-72 years» (n =14, n,=6)

Follow-up: 50.0 (7) p=0.008
Baseline: 50.0 (3)

Follow-up: 50.0 (7) p=0.008
Baseline: 50.0 (3)

Follow-up: 0.0 (0)
Baseline: 0.0 (0)

Aging groups (correlation with stress levels: p<0.001, r=0.59)

Aging group «rapidly aged» (BFA>CA) (n,=6, n=2)

Follow-up: 50.0 (3)
Baseline: 0.0 (0)

Follow-up: 50.0 (3)
Baseline: 100.0 (2)

Follow-up: 0.0 (0)
Baseline: 0.0 (0)

Aging group «normal aging» (BFA=CA)(n =3, n=1)

Follow-up: 33.3(1)
Baseline: 100.0 (1)

Follow-up: 66.6 (2)
Baseline: 0.0 (0)

Follow-up: 0.0 (0)
Baseline: 0.0 (0)

Aging group «slowly aged» (BFA<CA)(n,=26, n,=24)

Follow-up:50.0 (13) p=0.802
Baseline: 45.8(11) p=0.811

Follow-up: 46.2 (12) p=0.001
Baseline: 45.8 (11) p=0.001

Follow-up: 3.8 (1)
Baseline: 8.3 (2)

BMI groups (correlation with stress levels: p<0.001, r=

0.84)

BMI group 1 (<18.5 kg/m?) (n,=1, n,=0)

Follow-up: 0.0 (0)
Baseline: 0.0 (0)

Follow-up: 100.0 (1)
Baseline: 0.0 (0)

Follow-up: 0.0 (0)
Baseline: 0.0 (0)

BMI group 2 (18.5-24.9 kg/m?)(n,=4, n,=0)

Follow-up: 50.0 (2)
Baseline: 0.0 (0)

Follow-up: 50.0 (2)
Baseline: 0.0 (0)

Follow-up: 0.0 (0)
Baseline: 0.0 (0)

BMI group 3 (25.0-29.9 kg/m?)(n =16, n,=20)

Follow-up: 62.5 (10)p=0.002
Baseline: 45.0 (9) p=0.003

Follow-up: 31.25 (5)
Baseline: 45.0 (9) p=0.003

Follow-up: 6.25 (1)
Baseline: 10.0 (2)

BMI group 4 (30.0-34.9 kg/m’)(n =11, n,=10)

Follow-up: 54.5 (6) p=0.014
Baseline: 50.0 (5)

Follow-up: 45.5 (5)
Baseline: 50.0 (5)

Follow-up: 0.0 (0)
Baseline: 0.0 (0)

BMI group 5 (35.0-39.9 kg/m?) (n,=7, n,=1)

Follow-up: 0.0 (0)
Baseline: 100.0 (1)

Follow-up: 100.0 (7) p=0.008
Baseline: 0.0 (0)

Follow-up: 0.0 (0)
Baseline: 0.0 (0)

BMI group 6 (>40 kg/m?)(n,=1, n,=0)

Follow-up: 0.0 (0)
Baseline: 0.0 (0)

Follow-up: 0.0 (0)
Baseline: 0.0 (0)

Follow-up: 100.0 (1)
Baseline: 0.0 (0)

Abbreviations: n: number of probands (n,: number at baseline; n,: number at follow-up); SSCS: Screening Scaleof Chronic Stress (global
score); BFA: Bio-Functional Age; CA: Aalendrical Age; BMI: Body Mass Index; P-value: significance of change p<0.05 (only calculable if n>/=7);

r: Effect Size of a Significant Correlation.

Impact of self-perceived chronic stress exposure on BFS/
BFA

Table 4 presents the significant correlations between self-
perceived chronic stress exposure and BFS/BFA, the full data set
is presented in supplementary file 3. There was no significant
correlation between the global score SSCS and BFA in general,
neither at baseline (r=0.18, p=0.302), nor at follow-up (r=-
0.05, p=0.797).

However, when the global score SSCS was assessed by the
different aging rates (slowly aging (BFA < CA), normal aging
(BFA=CA) and rapidly aging (BFA > CA)), a significant correla-
tion was found with the category “slowly aging” (BFA< CA) (p
< 0.001, r=-0.70). No significant correlation was detected be-
tween “normal aging” (BFA=CA) (p=0.109) and “premature ag-
ing” (BFA > CA) (p=0.655). When the three different stress lev-
els (below-average, above-average and extreme) were analyzed
with the aging rate itself, only a significant correlation with “be-

low-average stress” was found (p=0.039, r=-0.37), which sug-
gested against premature aging caused by a perceived chronic
stress exposure. The analysis of the three stress levels with the
three different aging rates revealed a single significant corre-
lation between “above-average stress level” and “slow aging”
(BFA< CA) (p< 0.001, r=-0.55). Thus, even a high self-perceived
chronic stress exposure was not associated with “pro-aging”.
These findings are presented in Table 3.

While there was no correlation between TICS sub domains
and BFS/BFA at baseline (data not shown, (6)), there was a sig-
nificant correlation between each BFS sub domain (physical,
sensory-psychomotor, cognitive-mental and emotional-social)
with at least one TICS sub domain. Thus, a decrease in func-
tioning was associated with a greater self-perception of chronic
stress exposure. Importantly, the strongest correlations were
found between TICS subdomains and SOZI (social BFS sub do-
main) suggesting that subjects felt especially stressed out by
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social isolation.

The only correlation that could be found at baseline and in
follow-up was the association between SOZI and the pulse rate
difference (r.=-0.40, p=0.010). Based on the negative correla-
tion, a higher pulse variation between rest and during effort
indicated a lower self-perceived chronic stress, thus supporting
the positive impact of physical fitness.

lliness perception

Compared to baseline, we found a significantly negative
change in illness perception at follow-up represented in a high-
er mental preoccupation with currently occurring and potential
future ilinesses (supplementary file 2).

At follow-up, the values in the categories NTE (p=0.002,
r=0.36), NT (p=0.003, r=0.34), and the number of S-values >5
(p=0.023, r=0.26) were significantly higher than at baseline [6],
suggesting that subjects more often considered naturalistic fac-
tors to be responsible for their ilinesses (e.g., bacteria or virus-
es, additional impact of the Covid-19 pandemic not specifically
included).

Similar to baseline, high S-values ( > 6) in the categories PSE,
PSI, and HB were found at follow-up indicating that PSI (e.g., in-
ner dissatisfaction, low self-esteem), PSE (e.g., private, and oc-
cupational stress) as well as HB (physical activity and diet) con-
tinued to play a major role in illness perception of overweight
and obesity.

To analyze the change in illness perception more specifical-
ly, three subgroups of “mental preoccupation with the cause
of illness” were established (no mental preoccupation; mental
preoccupation, but indecisive about the cause of illness; high
mental preoccupation). Interestingly, at follow-up the subgroup
“high mental preoccupation with the cause of illness” had al-
most doubled. Furthermore, a shift in the general direction of
illness perception was observed. While subjects mainly focused

on psychosocial reasons at baseline, they considered both, PS
and NT factors, to be responsible for their current illness over-
weight/obesity. While sex did not have a significant impact on
the category OS at follow-up (r=-0.01, p=0.941), age did with
younger subjects (< 45 years) showing a higher OS (r=-0.30,
p=0.065). In addition, there was a significantly positive corre-
lation between higher BMI and OS (r.=0.32, p=0.044) indicat-
ing that illness perception of overweight/obese individuals was
more often altered and that mental preoccupation with occur-
ring illnesses increased. At baseline, these findings could not be
observed (no significant correlations).

Impact of self-perceived chronic stress exposure on illness
perception

Table 5 presents the significant correlations between self-
perceived chronic stress exposure and illness perception; The
full data set is presented in supplementary file 3. Similar to
baseline [6], most of the TICS sub domains had a significantly
positive correlation with PATEF categories at follow-up. This
finding indicated that a higher iliness perception was related
to an increased self-perceived chronic stress exposure and vice
versa. Furthermore, at follow-up there were significant cor-
relations between PSE and PSI and the TICS global score SSCS
and other subdomains (ERDR, UEFO, SOZI, SORG). This finding
indicated that psychosocial factors (e.g., private, and/or pro-
fessional relationships, inner dissatisfaction, low self-esteem)
were promoting greater self-perceived chronic stress exposure.
When considering naturalistic factors of illness perception, sig-
nificantly positive correlations between every TICS category and
NTI were found, indicating that subjects viewed their own bod-
ies as too “weak”, which in turn sustained chronic stress percep-
tions in any domain. Furthermore, HB showed significant cor-
relations with SSCS (r =0.60, p<0.001), UEBE (r=0.65, p<0.001)
and ERDR (r =0.65, p<0.001). This indicated a specific relation
between work-associated chronic stress exposure and its im-
pact on individuals’ HB (physical activity and diet).

Table 4: Significant correlations between TICS subdomains and BFS items at follow-up.

Parameter SSCS [r](p) | UEBE[r] (p) SOUE [r](p)

ERDR[r](p) UNZUI[r](p) UEFO[r](p) SOZSIr](p) SOZIIr](p)

Chronological age (CA) [years] 0.37(0.018)

Resting heart rate (p0) [n/min]

-0.42 (0.012)

Exercise heart rate [n/min]

-0.33 (0.047) -0.39(0.019)

Pulse rate difference (Ap) [n/min]

-0.38(0.022)

Performance time [sec]

-0.36 (0.031)

Hearing loss right 2048 Hz [%] 0.34 (0.034)

Hearing loss left 2048 Hz [%]

-0.31(0.049)

Pursuing reaction time [msec]

-0.34(0.032)

Cognitive reaction time [sec]

0.41 (<0.01)

Ability to concentrate (time) [sec]

0.35 (0.028)

Change over capability [sec]

0.32(0.048)

Stress predisposition [score]

0.36 (0.022)

Social activity / duties [score]

0.32 (0.047)

Abbreviations: [r]: Spearman correlation coefficient; p: p-value (significance p<0.05); SSCS: Screening Scale of Chronic Stress; UEBE: Work
overload; ERDR: Pressure to perform; SOUE: Social overload; UNZU: Work. discontent, UEFO: Excessive demands at work, SOZS: Social ten-

sions, SOZI: social isolation.
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Table 5: Significant correlations between TICS subdomains and PATEF at follow-up.

Category SSCS[r](p)  VUEBE[r](p) | ERDR[r](p) UNZUI[r](p) UEFO[r](p) | SOZS[r](p) SOZI[r](p) SORGIr] (p)
0S|r] 0.70 (<0.001) | 0.53 (<0.001)  0.59 (<0.001) | 0.51 (<0.001) | 0.58 (<0.001) | 0.36(0.024) | 0.59 (<0.001) 0.59 (<0.001)
PSE [r ] 0.59(<0.001) | 0.47(<0.001) | 0.55(<0.001) | 0.43(<0.001) = 0.33(0.038) | 0.33(0.040) | 0.49(<0.001) 0.53(<0.001)
PSI[r] 0.66(<0.001) 0.42(<0.001) | 0.54(<0.001) | 0.52(<0.001) A 0.41(0.001) | 0.61(<0.001) 0.63(<0.001)
HB [r] 0.60(<0.001) | 0.52(<0.001) 0.65(<0.001) | 0.40(0.012) | 0.44(<0.001) 0.43(<0.001) = 0.39(0.015)
NTE [r] 0.38(0.017) 0.36(0.027)
NTI[r ] 0.56(<0.001) | 0.37(0.022) & 0.38(0.019) 0.48 (<0.001)  0.34(0.033) 0.51(<0.001) | 0.58(<0.001)

Abbreviations: [r]: Spearman correlation coefficient; (p): p-value (significance p<0.05); SSCS: Screening Scale of Chronic
Stress; UEBE: Work overload; ERDR: Pressure to perform; UNZU: Work discontent; UEFO: Excessive demands at work; SOZS:
Social tensions; SOZI: Social isolation; SORG: Chronic worrying; OS: Overall Score (PATEF); PSE: Psychosocial External factos;
PSI: Psychosocial Internal factors; HB: Health Behaviour; NTE: Naturalistic External factors; NTI: Naturalistic Internal factors.

Discussion

This follow-up study of BeCS-14 analyzed the impact of self-
perceived chronic stress exposure in overweight/obese subjects
on Bio-Functional Status (BFS), Bio-Functional Age (BFA), and ill-
ness perception. The key findings of this analysis were: 1) BFA
was generally lower than CA but with a smaller range at follow-
up indicating that some subjects had signs of functional pro-
aging, 2) NCD prevalence was higher at follow-up while physical
and cognitive functions declined fostering functional pro-ag-
ing, 3) self-perceived chronic stress exposure was not associ-
ated with functional pro-aging, yet significantly with 4) declin-
ing physical and cognitive functions, 5) self-perceived chronic
stress exposure was especially high due to pressure to succeed,
work overload, excessive demands at work, and social isolation,
which was also associated with 6) an altered illness perception
such as higher mental preoccupation due to currently occurring
and potential future illnesses. The latter was 7) especially found
in women below age 45 years as well as in overweight/obese
subjects.

Several studies have tried before to estimate an individual’s
Bio-Functional Age (BFA) by applying multiple parameters, such
as telomere length and DNA methylation [26,27]. Yet, so far, no
specific parameter has been identified [28,29]. To our knowl-
edge, the holistic validated BFS test battery applied in Be CS-14
is the best approach to determine BFA [28-31]. In our BeCS-14
follow-up analysis we found a smaller range between CA and
BFA at follow-up compared to baseline indicating an above-than-
average BFA in some subjects. In particular, this observation
was made in overweight/obese subjects supporting previous
studies [8,32]. Both, physiological aging and overweight/obe-
sity have been shown to cause chronic inflammation leading to
insulin resistance, oxidative stress, and DNA damage [8,33,34],
respectively. Obviously, these factors may also accelerate aging,
which in turn contribute to reduced longevity and more comor-
bidities [8,33,34]. Furthermore, pro-aging could also be caused
by various other factors, such as mental or physical illness, psy-
chosocial and socioeconomic stressors [36,37].

In our follow-up study, 40% of subjects reported a health
deterioration across the observation period, another 17.5% dif-
ficulties in walking, both being signs of NCD. Indeed, an age as-
sociated increased NCD prevalence was also reported by others
[38,39]. Similarly, a healthy lifestyle has been linked to slower
functional aging [40], while risk factors like overweight/obesity,
alcohol and tobacco consumption, sedentary lifestyle and sleep
deficit have been linked to functional pro-aging [41], and NCD
development [42]. As the participants in our follow-up study

only showed minor changes in lifestyle habits, we did not ob-
serve a correlation with BFA changes.

Physical and cognitive functions declined with aging in our
cohort which is in line with previous studies [42,43]. Specifically,
we observed a decrease in hearing function and visual acuity
with more subjects needing optical and/or acoustic aids. In
particular, there was an association with increasing BMI [8,45].
Premature hearing loss may be due to impaired vascular func-
tion in overweight/obese people [45,46]. Presbycusis is the
most widespread sensory impairment and affects one in three
persons aged above 65 years [47]. It is accompanied by a re-
duced QoL due to increased social isolation and frustration of
not being capable to properly absorb ambience sound [47,48].
Social isolation and anxiety due to hearing loss has been shown
to significantly increase morbidity and mortality [49]. Similarly,
age-related impairment of visual acuity has been described be-
fore, including a higher prevalence of presbyopia, glaucoma,
macular degeneration, and age-related cataract [10,50]. As a
result, orientation and mobility being decisive for a good QoL
have been found to decline to impaired visual acuity [50]. In
addition, we observed an increase of systolic blood pressure
across the observation period. This finding is in line with previ-
ous studies reporting an age-related increased rigidity of ves-
sel walls and calcifications [51]. Obesity/overweight is an addi-
tional risk factors for hypertension and coronary artery disease
[52]. Grip hand strength is a surrogate marker of muscle mass
and strength. Aging is associated with muscle mass loss [53] and
thus loss of grip hand strength [10,53], which was also found
in our follow-up study. This supports the parameter grip hand
strength being suitable for BFA assessment [54], as enhanced
grip hand strength has been found to be associated with an
overall better health outcome, and with a reduced risk for car-
diovascular events [55]. Likewise, cognition also deteriorated in
our subject assessment. Aging causes a chronic inflammation
that negatively affects the synaptic plasticity and neurogenesis
of the brain. This is aggravated by age-associated diseases and
leads to brain atrophy and reduced hippocampal volume [56].
Accordingly, we found that cognitive functions, especially cogni-
tive switching capability, memory performance, strategic think-
ing and orientation ability decreased, which is consistent with
previous findings [57]. Other studies found that cognitive func-
tion reduction was worsened by hearing loss, hypertension and
diabetes mellitus [58].

In our study, we observed a shift in self-perceived chronic
stress exposure towards younger (< 60 years) and heavier sub-
jects. Indeed, greater psychosocial stress has been found to
increase the risk of developing overweight/overweight (par-
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ticularly by changes in HB), which may accelerate bio-functional
aging through its associated comorbidities [42,59]. In addition,
overweight/obesity and self-perceived stress exposition may
reinforce each other, resulting in a vicious cycle [60]. Yet, in our
follow-up study we did not find an association between self-
perceived chronic stress exposure and premature bio-functional
aging, affirmed by the correlation between SSCS and “slow ag-
ing” (BFA < CA). This contrasts our previous finding in the whole
Be CS-14 baseline cohort in which we found a significantly posi-
tive correlation between SSCS and ABFA-CA indicating a higher
self-perceived chronic stress exposure was associated with bio-
functional pro-aging [13]. Therefore, in our current overweight/
obese follow-up cohort, we speculate that increased self-per-
ceived chronic stress exposure due to overweight/obesity was
not the only cause for premature bio-functional aging, but that
other factors (e.g., NCD and HB) may have had an impact, too.
As mentioned above, we found a decrease in physical, cogni-
tive, and emotional-social functioning across the observation
period which was significantly positively correlated to self-
perceived chronic stress exposure. For example, higher BFA
or systolic blood pressure, and lower cognitive reaction time,
cardio performance, hand grip strength or test motivation were
significantly associated with an increased self-perceived chron-
ic stress exposure, respectively. Our findings are supported by
previous studies showing an association between lower heart
rate variability and higher stress perception as well as stress-
related disease incidence, respectively [61,62]. In addition, de-
terioration in sensory functions has been linked to a higher level
of self-perceived stress perception, and vice versa [63].

Even though the SSCS did not significantly change across the
observation period, we observed that subjects were particu-
larly stressed by work. More specifically, we found a significant
correlation between work overload, pressure to succeed and
HB with premature bio-functional aging. Our findings support
previous studies showing that missing time for oneself due to
work overload could significantly impact HB and increase NCD
risk [19,64,65]. Due to the Covid-19 pandemic we had to post-
pone the start of our follow-up study. Still, as many participants
worked in the health care sector they may have been affected
directly or indirectly by it. Indeed, previous studies reported
that health care workers in particular were physically, mentally,
emotionally and socially challenged by the pandemic increasing
their work load and stress [66,67] having a negative impact on
individual HB [68]. Based on these and our findings, we assume
that the Covid-19 pandemic increased self-perceived chronic
stress exposure and bio-functional aging, especially in over-
weight/obese subjects.

In our follow-up study, most correlations between BFS and
TICS were found within the category SOZI. Social isolation, that
is the subjective perception of being alone, representing a dis-
crepancy between desired and existing social contacts, has a
negative impact on physical and mental health and results in
a higher self-perceived chronic stress exposure [69,70]. For ex-
ample, in vulnerable age groups (< 25 / > 65 years), functional
limitations, lower income, relationship status, and working con-
ditions are playing a significant role in the perception of social
isolation [71]. Loneliness has been found to be a risk factor
for digestive problems [72], physical limitations [73], cognitive
decline [74], insomnia [75], loss of libido, infertility [76], com-
promised immune system, and depression [77]. Furthermore,
lonely people tend to be less physically active, which in turn
may increase their cardiovascular risk [78,79], and are more
likely to be overweight/obese and addicted to alcohol [80]. Our

findings support those studies as we found social isolation to be
a determining factor for the development and conservation of
self-perceived chronic stress exposure, overweight/obesity, and
premature bio-functional aging.

Finally, we found an association between self-perceived
chronic stress exposure and illness perception in our over-
weight/obese cohort. The greater the mental preoccupation
with the cause of the occurring illness (overweight/obesity),
the greater the level of self-perceived chronic stress exposure,
and vice versa. The dominating categories of illness perception
found were PSI (e.g., inner dissatisfaction, low self-confidence),
PSE (e.g., private and occupational stress), HB (physical activity
and diet), and NTE (e.g., global warming, harmful pathogens),
respectively. The most vulnerable groups in our cohort were
women < 45 years with a BMI = 25 kg/m?. These findings sup-
port more general observations that overweight/obese indi-
viduals showed an increased illness perception (e.g., stigma),
which was a key determinant for HB [14,18]. As the individual
perception of illness duration and symptoms have been found to
have a significant impact on illness outcomes and control [81],
patient medical education is crucial [82]. For example, a nega-
tive illness perception promotes self-perceived chronic stress
exposure and lowers an individual’s health status and quality of
life [83]. In contrast, individuals with a positive attitude towards
the respective illness have been shown to be more resistant to
chronic stressors, to better cope with tensions, and to more
likely find solutions for daily life tasks [82,84].

Obviously, our BeCS-14 cohort study has strengths and limi-
tations. The main strength is its prospective observational de-
sign allowing for holistically assessing bio-functional aging in
a heterogenous cohort across a 5.4-years (+ max. 3.3) period.
Limitations are a non-representative cohort (e.g., no equal sex,
age, or job distribution), some loss to follow-up which may be at
least to some degree due to the Covid-19 pandemic, application
of TICS for chronic stress exposure which primarily focuses on
external stress factors, and the observational design thus not
only allowing for discovering causal relationships.

Conclusion

This study did not show a direct association between self-
perceived chronic stress exposure and premature aging. How-
ever, the increase in the prevalence of NCD, decrease in physical
and cognitive abilities and negative changes in health behaviour
resulted in fostering bio-functional aging. Young (< 45 years) fe-
male overweight/obese individuals were shown to be vulner-
able in self perceived chronic stress exposure and individual
illness perception. Risk factors were social isolation, excessive
demands at work, work overload, and pressure to succeed.

In the future, especially in this vulnerable population, a mul-
timodal therapy concept with patient medical education should
be established, so that risk factors for accelerated bio-function-
al aging can be identified and treated early, improving quality of
life at any age.
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