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Abstract

Background We examined the longitudinal association between (change in) physical activity (PA) with new onset of
five risk factors of metabolic syndrome among 657 middle-aged adults (mean age 44.1 (standard deviation (SD) 8.6)
years) who were free of the respective outcome at baseline, in a longitudinal cohort study spanning over 29 years.

Methods Levels of habitual PA and sports-related PA were assessed by a self-reported questionnaire. Incident
elevated waist circumference (WQ), elevated triglycerides (TG), reduced high-density lipoprotein cholesterols (HDL),
elevated blood pressure (BP), and elevated blood-glucose (BG) were assessed by physicians and by self-reported
questionnaires. We calculated Cox proportional hazard ratio regressions and 95% confidence intervals.

Results Over time, participants developed (cases of incident risk factor; mean (SD) follow-up time) elevated WC (234
cases; 12.3 (8.2) years), elevated TG (292 cases; 11.1 (7.8) years), reduced HDL (139 cases; 12.4 (8.1) years), elevated

BP (185 cases; 11.4 (7.5) years), or elevated BG (47 cases; 14.2 (8.5) years). For PA variables at baseline, risk reductions
ranging between 37 and 42% for reduced HDL levels were detected. Furthermore, higher levels of PA (> 16.6 METh
per week) were associated with a 49% elevated risk for incident elevated BP. Participants who increased PA levels over
time, had risk reductions ranging between 38 and 57% for elevated WC, elevated TG and reduced HDL. Participants
with stable high amounts of PA from baseline to follow-up had risk reductions ranging between 45 and 87% for inci-
dent reduced HDL and elevated BG.

Conclusions PA at baseline, starting PA engagement, maintaining and increasing PA level over time are associated
with favorable metabolic health outcomes.

Keywords Abdominal obesity, Hyperlipidemia, Hypertension, Diabetes, Metabolic syndrome, Physical activity,
Exercise, Longitudinal study

Background

Elevated waist circumference (WC), elevated triglycer-
ides (TG), reduced high-density lipoprotein cholester-
ols (HDL), elevated blood pressure (BP), and elevated
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adult population, and up to 80% of diabetes patients are
affected [2—4]. These numbers are alarming, particularly
considering the economic impact of MetS on health care
systems [2, 5]. Therefore, it is critical to identify potential
lifestyle-related factors that may decrease the risk of new
onset of MetS.

Physical activity (PA) is known as a lifestyle-related fac-
tor to impact the metabolic system in general. On a phys-
iological level, PA has an impact on cardiovascular (e.g.,
improvement in oxygen uptake and transport capac-
ity; reduction of heart rate; increase in stroke volume),
hemodynamic (e.g., improvement in blood flow; increase
in blood clotting readiness), metabolic (e.g., increase in
mitochondria volume; improvement of enzyme activity
of the musculature; change of cholesterol composition
by improvement of HDL-LDL ratio), and endocrinologi-
cal systems (e.g., increase in catecholamines, cortisol,
growth hormones), amongst others [6—8]. Furthermore,
on an endocrinological level, an increase in the exercise-
induced hormone Irisin by the skeletal muscle, may cause
an increase in energy expenditure by transforming white
into brown fat cells (brown-in-white or brite cells), which
is linked to an improvement in glucose homeostasis [6,
9]. Due to the direct impact on bodily functions, PA has
a positive impact on an individual’s health, and may thus
also have a favorable impact on the risk of new onset of
individual MetS risk factors.

The World Health Organization (WHO) recommends
engaging in at least 150 min of moderate to vigorous PA,
or 75 min of vigorous-intensity PA per week, or an equiv-
alent combination of moderate- and vigorous-intensity
activity to achieve health benefits [10], which is equiva-
lent to at least 8.3-16.6 metabolic equivalent-hours
(METh) per week (respectively 500—1000 MET-minutes
per week) [11].

Indeed, a growing body of research has reported a ben-
eficial effect of PA on cardiometabolic risk factors, e.g.,
being physically active may reduce body weight and BP,
elevate HDL, lower TG, and improve insulin resistance
[12-17]. Studies have also shown that engaging in higher
levels of PA is associated with a reduced risk for incident
MetS [18-21]. As it is important to focus on MetS itself,
contribution of PA to the risk of new onset of the respec-
tive individual risk factors should be considered as well.
Longitudinal studies reporting the association between
variables of PA and individual risk factors of MetS, com-
bined within one analysis or dataset, are scarce. However,
to date, studies focusing on the longitudinal associations
between various PA measures with individual factors of
MetS in large, population-based samples are missing.

Therefore, the aim of this study was to examine the
associations between various PA variables (i.e., habitual
and sports-related PA, and change in PA behavior over
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time) and new onset of five different risk factors of MetS
among middle-aged males and females from a commu-
nity-based sample in South-Western Germany over a
period of 29 years.

Methods

For the reporting of observational studies within this
manuscript the STROBE (Strengthening The Reporting
of OBservational Studies in Epidemiology) Checklist was
adhered.

Study design and population

The research was conducted in the setting of the
‘Gesundheit zum Mitmachen’ study, which is an ongoing,
community-based longitudinal cohort study of middle-
aged and older adults living in the city of Bad Schonborn
in South-Western Germany with six measurement points
(1992, 1997, 2002, 2010, 2015, 2021). Details about the
design and methods of the study have been described
elsewhere [22, 23]. The study was approved by the eth-
ics committee of the Karlsruhe Institute of Technology
(KIT), Germany, and was conducted in accordance with
the Declaration of Helsinki. All methods were performed
in accordance with pertinent guidelines and regulations.
All data was analysed anonymously.

Briefly, individuals residing in Bad Schonborn, Ger-
many from five age strata (i.e., 35, 40, 45, 50, and
55+ 2 years) were randomly selected from the local resi-
dents’ registration offices and were invited to participate
in the study in 1992 (initial sample). The response rate of
the initial sample was 56%. A non-responder telephone
interview showed no significant differences in socio-
economic status (SES), physical health status, and PA
between participants and invited non-participants except
for migration background [23]. Persons who participated
in the study at least once were re-invited for every meas-
urement point, and new samples of participants aged
33-37 years were included at each measurement point to
prevent sample attrition. Participation in the study was
voluntary and all participants provided written informed
consent. At each of the six measurements points, the
data assessment took place in Mai and June. Participants
provided information about self-rated health status,
habitual and sports-related PA, and sociodemographic
information through a self-reported questionnaire. All
participants also underwent an objective health status
examination conducted by a licensed physician, and had
a blood sample drawn.

For the current analysis, from a total of 1090 indi-
viduals who participated in this study, we excluded par-
ticipants with no longitudinal data information available
(N'=433). A total of 657 participants were thus included
in the statistical analysis. In a next step, for each of the
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five outcomes of interest, we excluded individuals with
pre-existing risk factor at baseline for the respective
analyses (please refer to Fig. 1 for a flow chart of study
participation).

Physical activity assessment (predictor variables)

All information regarding habitual and sports-related PA
at baseline examination and follow-up was assessed by a
self-reported questionnaire (test-retest reliability after
two weeks: r>0.90, a =0.94) [24].

Habitual PA

We calculated an index to quantify the amount of habit-
ual PA at baseline (minutes per week) as indicator for
recreational PA level (thus deliberately excluding sports
activity participation) by creating a sum index that was
derived from participants’ self-reported information
about daily minutes of walking, biking for transporta-
tion, as well as working in the household and gardening.
For statistical analysis, the sample was divided into three
groups (i.e., low: <75 min per week, medium: 75-149 min
per week, and high: > 150 min/ week) based on the calcu-
lated index.

Sports-related PA
An index for the amount of sports-related PA at base-
line was calculated from information provided by
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participants about frequency (i.e., number of weekly
exercise sessions), duration (i.e.,, minutes per session),
intensity (i.e., not very intense, moderately intense with
some sweating, and highly intense with much sweating),
and type of weekly sports-related PA (i.e., structured/
non structured; organized/ non-organized; e.g. playing
soccer, tennis, running, hiking etc.) [25]. For statistical
analyses, the sample was divided into three groups (i.e.,
low: <75 min per week, medium: 75-149 min per week,
high:> 150 min per week) to examine the influence of
the cut-off points based on the global recommendation
on PA level [26]. Furthermore, to consider the intensity
level of the activity, every type of sport was assigned a
specific MET-value [27], and by multiplication with the
time spent carrying out the respective activity, sports-
related PA level in METh per week at baseline was calcu-
lated. The global PA recommendation is equivalent to at
least 8.3—16.6 METh per week [11]. Thus, for statistical
analysis, the sample was divided into three groups (not
active: < 8.3 METh per week, moderately active: 8.3-16.5
METh per week, highly active: > 16.6 METh/week) based
on the sports-related PA level to examine the influence of
thresholds based on the global recommendation.

Change of sports-related PA
To assess the change in minutes of sports-related PA per
week, differences in PA level between baseline and the

Noa = 2480 (total number of data points within in ‘Gesundheit zum Mitmachen’)*
1992: N=430 1997:N=456  2002: N=428 2010: N=314 2015:N=422  2021: N=430
| N= 1090 eligible for analysis (number of individuals, who took part in the study at least once) |
4" N= 433 no follow-up information available |
4
| N= 657 included in final analysis (albeit further subdivided based on whether outcome of interest was present at baseline) |
! } | | }
At baseline - At baseline: At baseline: At baseline: At baseline:

N= 149 cases of elevated WC

N= 360 cases of elevated BP

N= 16 cases of elevated BG

N= 120 cases of reduced HDL

N= 83 cases of elevated TG

v

'

]

]

|

N=479 included in analysis on
incident elevated WC

N=297 included in analysis
on incident elevated BP

N= 641 included in analysis
on incident elevated BG

N=537 included in analysis
on incident reduced HDL

N=574 included in analysis
on incident elevated TG

At follow-up:

N= 245 remained free
of elevated WC

N= 234 developed
elevated WC

At follow-up:

N= 112 remained free
of elevated BP

N= 185 developed
elevated BP

At follow-up:

N= 594 remained free
of elevated BG

N= 47 developed
elevated BG

At follow-up:

N= 398 remained free
of low HDL

N= 139 developed
low HDL at follow-up

At follow-up:

N= 282 remained free
of elevated TG

N= 292 developed
elevated TG

mean follow-up: 12.3
(SD 8.2) years

mean follow-up: 11.4
(SD 7.5) years

mean follow-up: 14.2
(SD 8.5) years

mean follow-up: 12.4
(SD 8.1) years

mean follow-up: 11.1
(SD 7.8) years

Fig. 1 Flow chart of study participation. N number of participants, WC waist circumference, BP blood pressure, BG blood-glucose, HDL high-density
lipoprotein cholesterols, TG triglycerides; U indicates numbers of cases with missing information. *Persons who participated in the study at least
once were re-invited for every measurement point, and new participants were included at each measurement point to prevent sample attrition
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latest follow-up examination were calculated individu-
ally for each participant. Four categories by applying a
150 min per week threshold, based on WHO guidelines
on physical activity and sedentary behavior [10] were
calculated. The four categories were stable inactive (i.e.,
individuals who continuously reported less than 150 min
per week sports-related PA); quits activity (i.e., partici-
pants who reported more than 150 min per week sports-
related PA at baseline but not follow-up); starts activity
(i.e., individuals who reported less than 150 min per week
sports-related PA at baseline but more than 150 min per
week at follow-up); and stable active (i.e., participants
who reported continuously more than 150 min per week
of sports-related PA). Similarly, to assess the change in
METh of sports-related PA, differences in METh level
at baseline examination compared to the latest follow-
up were calculated. By applying the threshold for METh
recommended by the U.S. Department of Health and
Human Services [11], four groups were created: Stable
low (i.e., individuals who continuously reported less than
16.6 METh per week sports-related PA), decreasing (i.e.,
participants who reported more than 16.6 METh per
week sports-related PA at baseline but not at follow-up);
increasing (i.e., individuals who reported less than 16.6
METh per week sports-related PA at baseline but more
than 16.6 METh per week at follow-up); and stable high
(i.e., participants who reported continuously more than
16.6 METh per week sports-related PA).

Individual factors of metabolic syndrome assessment
(outcomes of interest)

At baseline and each follow-up examination, the status
of risk factors of MetS was assessed through examination
by a licensed physician and corroborated by self-reported
information on medication intake in the questionnaire.
We defined having or developing new onset of risk fac-
tors of MetS, when the respective risk factors (i.e., ele-
vated WC, elevated TG, reduced HDL, elevated BP, or
elevated BG) were present at baseline examination or at
follow-up [1].

Elevated waist circumference

WC (in cm) was assessed at baseline and at each follow-
up examination by standardized measurement. A par-
ticipant was classified as having elevated WC when the
WC was greater than 102 cm for males, and greater than
88 cm for females, respectively [28, 29].

Blood lipids (triglycerides and high-density lipoprotein
cholesterol)

Blood lipids were assessed at baseline and at each fol-
low-up examination by standardized measurement.
Participants were classified as having elevated TG when
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the levels were greater than 150 mg/dL, and as having
reduced HDL when the levels were lower than 40 mg/dL
for males and lower than 50 mg/dL for females, respec-
tively [1]. Furthermore, a participant was classified as
having critical level of blood lipids (i.e., elevated TG or
reduced HDL) if the diagnosis had been made previously
by a physician, or if the participant was on medication for
the respective condition, i.e., participants were asked: ‘Do
you take any medication to lower blood lipids?.

Elevated blood pressure

BP was assessed at baseline and each follow-up exami-
nation by standardized measurement. A participant was
classified as having elevated BP if the systolic value was
greater than 130 mmHg, or if the diastolic value was
greater than 85 mmHg. Furthermore, a participant was
classified as having elevated BP if hypertension diagnosis
had been made previously by a physician, or if the par-
ticipant was on BP medication [1], i.e., participants were
asked: ‘Do you take any medication to lower your blood
pressure?.

Elevated blood-glucose level

BG was determined by a physician at baseline and each
follow-up examination based on BG levels (i.e., fasting
BG level > 100 mg/dL [1], non-fasting BG level > 200 mg/
dL [30] for measurement points 1992 to 2015; and
HbA1lc>6,5% in 2021 [30]). Furthermore, a participant
was classified as having elevated BG level, if a diabetes
diagnosis had been made previously by a physician or if
the participant was on medication, i.e., participants were
asked: ‘Do you take any medication to lower blood-glu-
cose levels?.

Assessment of confounders

Traditional demographic variables (e.g., age and sex)
were assessed though self-reported questionnaire. We
also determined socio-economic status (SES) based on
information provided by participants about formal edu-
cation and professional status of themselves or their sig-
nificant others (usually the spouse), if participants were
not working. Four SES categories were used for statistical
analysis, i.e., low, mid/ low, mid/ high and high SES [23,
31]. Furthermore, comorbidities at study entry related to
the risk factors of MetS (i.e., elevated WC, elevated TG,
reduced HDL, elevated BP, and elevated BG, respectively)
were determined.

Statistical analysis

Selected sociodemographic, behavioral, and health-
related characteristics of the participants were used to
characterize the cohort at baseline by using means (M)
and standard deviation (SD). Cox proportional hazards
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regression models were calculated to examine the asso-
ciations between various PA predictor variables (i.e.,
habitual and sports-related PA at baseline, and change in
sports-related PA level from baseline to follow-up; vari-
ables were nominal coded or dummy coded), and the risk
of new onset of a MetS risk factor. Only participants who
were free of the respective outcome of interest at base-
line, and had at least one follow-up measurement were
included in the analysis. Date of study entry was used as
baseline, and was determined individually for each par-
ticipant. Follow-up time (in months) was calculated indi-
vidually for each participant from baseline until the first
event (i.e., incident elevated WC, elevated TG, reduced
HDL, elevated BP, elevated BG) or loss to follow-up,
whichever happened first. Missing values were treated
as missing at random, which yielded in a pairwise dele-
tion of cases with at least one missing value among either
predictor or outcome variable for each analysis. Num-
bers of missing values are provided in the result table for
each category of PA, respectively. We calculated Hazard
Ratios (HR) and 95% confidence intervals (CI) based
on regression analyses for each category of PA as com-
pared to the least active group which was always set as
reference group (we also indicated the reference group
in the results tables). For each predictor, we ran two sets
of models: models adjusted for traditional confound-
ing variables, i.e., age, sex and SES (Model 1), and mod-
els additionally adjusted for comorbidities at study entry
related to the risk factors of MetS (i.e., elevated WC,
reduced HDL, elevated TG, elevated BP, elevated BQG)
respectively. This means that, for example, in the mod-
els where the outcome of interest was elevated WC, we
additionally adjusted for status of HDL, TG, BP and BG
at study entry. However, it is recommended to do one
adjustment per every 15 cases of incident event (per inci-
dent outcome of interest). Therefore, in order to avoid
over-adjustment, we only report Model 1 for the out-
come of interest blood-glucose, as we only had 47 par-
ticipants who developed incident elevated blood-glucose
levels during time under observation. Analyses were per-
formed using SPSS software version 27, and using the
conventional alpha level of 0.05 to determine statistical
significance. A HR>1.0 was considered as indicating an
elevated risk for incident risk factors of MetS, a HR<1.0
was considered as indicating a reduced risk for incident
risk factors of MetS.

Results

Sample characteristics

Data were available on a total of 657 individuals with at
least two study visits (i.e., baseline and at least one follow-
up). Mean age at baseline was 44.1 (SD 8.6; range: 30-74)
years, and 52.1% of participants were female. Habitual PA
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was performed for a mean of 349.4 (SD 274.0) minutes
per week. Sports-related PA was performed for a mean
of 96.3 (SD 128.4) minutes per week, and with a mean
of 11.6 (SD 15.5) METh per week, and it was most fre-
quently performed for less than 75 min per week (53.3%).
Sample size and demographics differed for the statistical
analyses depending on the outcome of interest. Detailed
information about baseline demographics of each study
sample for the five different outcomes of interest (i.e.,
elevated WC, elevated TG, reduced HDL, elevated BP,
elevated B@G) are shown in Table 1.

Association of PA with new onset of elevated waist
circumference

Of all participants included in the analysis, 224 (46.8%)
had one follow-up assessment, 101 (21.1%) participants
had two follow-up assessments, 74 (15.4%) participants
had three follow-up assessments, 49 (10.2%) had four
follow-up assessments, and 31 (6.5%) participants had 5
follow-up assessments. The mean (SD) times of follow-up
assessments was of 2.1 (1.3). After a mean follow-up of
12.3 (SD 8.2, range 5-29) years, 234 (48.9%) participants
developed incident elevated WC (please refer to Fig. 1)
with 5872 person-years (sum of the time spans for each
participant under observation).

Habitual and sports-related PA at baseline were not
associated with the risk of incident elevated WC (please
refer to Table 2).

Increasing sports-related PA from<16.6 METh per
week at baseline to>16.6 METh per week at follow-up,
was associated with a decreased risk of incident elevated
WC (HR 0.62, 95% CI 0.45-0.92, p=0.015), compared
to participants with a stable low sports-related PA level
(Table 2).

Association of PA with incident elevated triglycerides

Of all participants included in the analysis, 242 (42.2%)
had one follow-up assessment, 133 (23.2%) participants
had two follow-up assessments, 95 (16.6%) participants
had three follow-up assessments, 64 (11.1%) had four
follow-up assessments, and 40 (7.0%) participants had 5
follow-up assessments. The mean (SD) times of follow-up
assessments was of 2.2 (1.3). After a mean follow-up of
11.1 (SD 7.8, range 5-29) years, 292 (50.9%) participants
developed incident elevated TG (please refer to Fig. 1)
with 6360 person-years (sum of the time spans for each
participant under observation).

Habitual and sports-related PA at baseline was not
associated with the risk of incident elevated TG (please
refer to Table 3).

Participants who reported starting sports-related
PA from<150 min per week at baseline to>150 min
per week at follow-up, had a decreased risk of incident
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Table 2 Association between PA variables and the risk of incident elevated waist circumference

No. with incident elevated waist circumference (N = 234, 48.9%)

No. atrisk No. incident elevated waist Model 1 adjusted p-value Model 2 adjusted p-value
(N=479) circumference (% of No. at Hazard Ratio (95% Hazard Ratio (95%
risk) cl) Cl)

Habitual PA level at baseline [min/week]

Low (< 75) 25 14 (2.9) ref ref

Medium (75-149) 118 58(12.1) 0.77 (042-1.41) 0.397 0.78 (0.42-1.43) 0417

High (>150) 336 162 (33.8) 0.73(041-1.30) 0.284 0.72 (040-1.27) 0.253
Sports-related PA level at baseline [min/week]

Low (<75) 227 109 (22.8) ref ref

Medium (75-149) 123 66 (13.8) 1.05 (0.77-1.44) 0.749 1.08 (0.79-1.49) 0618

High (> 150) 129 59(12.3) 0.92 (0.67-1.26) 0.594 0.88 (0.64-1.21) 0424
Sports-related intensity level at baseline [METh/week] !

Not intensively active (<8.3) 235 110(23.0) ref ref

Moderately intensively active 115 59(12.3) 1.10 (0.80-1.52) 0.552 1.07 (0.78-148) 0.669

(8.3-16.5)

Highly intensively active (> 16.6) 128 65 (13.6) 1.09 (0.80-1.48) 0.593 1.06 (0.77-144) 0.725
Change in sports-related PA over time [min/week] '

Stable inactive (< 150-<150) 234 115 (24.0) ref ref

Quits activity (= -<150) 51 27 (5.6) 0.96 (0.63-1.47) 0.859 0.91 (0.59-1.39) 0.656

Starts activity (< 150->150) 11 58 (12.1) 0.75(0.54-1.04) 0.084 0.78 (0.56-1.07) 0.123

Stable active (> 150-> 150) 64 26 (54) 0.69 (0.45-1.05) 0.084 0.66 (0.43-1.01) 0.057
Change in sports-related intensity level over time [METh/week]

Stable low (< 16.6-<16.6) 250 126 (26.3) ref ref

Decreasing (> 16.6-< 16.6) 47 29(6.1) 1.32(0.87-1.98) 0.188 1.37 (0.91-2.07) 0.130

Increasing (< 16.6—> 16.6) 98 42 (8.8) 0.61 (0.43-0.88) 0.007*  0.62 (0.45-0.92) 0.015

Stable high (> 16.6->16.6) 80 35(7.3) 0.72 (0.49-1.05) 0.084 0.70 (0.48-1.02) 0.060

Cl confidence interval, METh metabolic equivalent hours, min minutes, N number of participants, No. Number, PA physical activity, ref reference group, SES socio-
economic status, WC waist circumference. Model 1: adjusted for age, sex and SES; Model 2: adjusted for age, sex, SES, and comorbidities with regard to MetS risk
factors at study entry. ¥ indicates number of N missing. Significant values (p <0.05) are in [bold]; significant values after Bonferroni correction for multiple testing are

indicated by [*]

elevated TG (HR 0.62, 95% CI 0.44-0.88, p=0.007) as
compared to participants who remained continuously
inactive. In addition, an increase in sports-related PA
from<16.6 METh per week at baseline to>16.6 METh
per week at follow-up, was associated with a decreased
risk of incident elevated TG (HR 0.63, 95% CI 0.44-0.89,
p=0.009), compared to participants with a stable low
sports-related PA level (Table 3).

Association of PA with incident reduced high-density
lipoprotein cholesterols

Of all participants included in the analysis, 248 (46.2%)
had one follow-up assessment, 108 (20.1%) participants
had two follow-up assessments, 88 (16.4%) participants
had three follow-up assessments, 54 (10.1%) had four
follow-up assessments, and 39 (7.3%) participants had 5
follow-up assessments. The mean (SD) times of follow-up
assessments was of 2.1 (1.3). After a mean follow-up of
12.4 (SD 8.1, range 5-29) years, 139 (25.9%) participants
developed incident reduced HDL (please refer to Fig. 1)

with 6661 person-years (sum of the time spans for each
participant under observation).

Habitual PA was not associated with the risk of incident
reduced HDL. Engaging in sports-related PA between 75
and 149 min per week at baseline was associated with a
decreased risk of incident reduced HDL (HR 0.59, 95% CI
0.37-0.95, p=0.031), and engaging in high sports-related
PA level (> 150 min per week) was also associated with
a decreased risk of incident reduced HDL (HR 0.63, 95%
CI 0.40-0.99, p=0.048), compared to sports-related PA
carried out for less than 75 min per week (please refer to
Table 4). With regard to the METh of sports-related PA,
being physically active with more than 16.6 METh per
week at baseline was associated with a decreased risk
of incident reduced HDL (HR 0.58, 95% CI 0.36-0.93,
p=0.024), compared to participants who were not active
(Table 4).

With regard to change in sports-related PA behav-
ior, participants who reported starting to engage in
sports-related PA from<150 min per week at baseline
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Table 3 Association between PA variables and the risk of incident elevated triglycerides

No. with incident elevated triglycerides (N =292, 50.9%)

No. atrisk No. incident elevated Model 1 adjusted p-value Model 2 adjusted p-value
(N=574) triglycerides (% of No. Hazard Ratio (95% Hazard Ratio (95%
at risk) (d)] Cl)

Habitual PA level at baseline [min/week]

Low (<75) 33 19(3.3) ref ref

Medium (75-149) 130 58(10.1) 0.98 (0.57-1.69) 0.947 1.24 (0.68-2.26) 0489

High (= 150) 411 215(37.5) 1.14 (0.70-1.88) 0.601 1.36 (0.78-2.35) 0277
Sports-related PA level at baseline [min/week]

Low (<75) 304 162 (28.2) ref ref

Medium (75-149) 132 68 (11.8) 0.92 (0.69-1.24) 0.596 1.04(0.77-142) 0.793

High (> 150) 138 62 (10.8) 0.87 (0.65-1.17) 0.369 1.02 (0.74-1.40) 0912
Sports-related intensity level at baseline [METh/week] !

Not intensively active (<8.3) 316 170 (29.6) ref ref

Moderately intensively active 119 62 (10.8) 0.97 (0.72-1.30) 0.818 1.06 (0.78-1.44) 0.733

(83-16.5)

Highly intensively active (> 16.6) 138 60 (10.5) 0.83(062-1.12) 0224 0.96 (0.70-1.33) 0.814
Change in sports-related PA over time [min/week] %

Stable inactive (< 150-<150) 296 167 (29.1) ref ref

Quits activity (> 150~ < 150) 52 29(5.1) 0.95 (0.64-1.41) 0.800 1.08 (0.72-1.63) 0.705

Starts activity (< 150->150) 119 50(8.7) 0.62 (0.45-0.85) 0.003* 0.62 (0.44-0.88) 0.007*

Stable active (> 150->150) 79 36 (6.3) 0.76 (0.53-1.10) 0.141 0.87 (0.59-1.29) 0.484
Change in sports-related intensity level over time [METh/week] ('

Stable low (< 16.6-<16.6) 318 181 (31.5) ref ref

Decreasing (> 16.6-< 16.6) 58 29(5.1) 0.88(0.59-1.31) 0.530 1.05 (0.69-1.59) 0.823

Increasing (< 16.6—> 16.6) 110 45(7.8) 0.58 (0.42-0.81) 0.001*  0.63 (0.44-0.89) 0.009*

Stable high (> 16.6->16.6) 75 30(5.2) 0.66 (0.45-0.98) 0.037 0.76 (0.50-1.14) 0.182

Cl confidence interval, METh metabolic equivalent hours, min minutes, N number of participants, No. Number, PA physical activity, ref reference group, SES socio-
economic status, TG triglycerides. Model 1: adjusted for age, sex and SES; Model 2: adjusted for age, sex, SES, and comorbidities with regard to MetS risk factors at
study entry. ¥ indicates number of N missing. Significant values (p < 0.05) are in [bold]; significant values after Bonferroni correction for multiple testing are indicated

by [*]

to > 150 min per week at follow-up, had a decreased risk
of incident reduced HDL (HR 0.43, 95% CI 0.25-0.74,
p=0.002) as compared to participants who remained
continuously inactive. In addition, increasing sports-
related PA from<16.6 METh per week at baseline
to>16.6 METh per week at follow-up, was associated
with a decreased risk of incident reduced HDL (HR 0.43,
95% CI 0.24-0.77, p=0.004), and for participants who
reported a stable high sports-related PA (stable>16.6
METh per week), a decreased risk of incident reduced
HDL (HR 0.55, 95% CI 0.31-0.97, p=0.040) was found,
compared to being stable inactive (Table 4).

Association of PA with incident elevated blood pressure

Of all participants included in the analysis, 127 (42.8%)
had one follow-up assessment, 67 (22.6%) partici-
pants had two follow-up assessments, 46 (15.5%) par-
ticipants had three follow-up assessments, 39 (13.1%)
had four follow-up assessments, and 18 (6.1%) par-
ticipants had 5 follow-up assessments. The mean (SD)

times of follow-up assessments was of 2.2 (1.3). After a
mean follow-up of 11.4 (SD 7.5, range 5-29) years, 185
(62.3%) participants developed incident elevated BP
(please refer to Fig. 1) with 3387 person-years (sum of
the time spans for each participant under observation).

Habitual PA was not associated with the risk of
incident elevated BP in our data set (please refer to
Table 5). With regard to METh of sports-related PA,
being physically active with more than 16.6 METh per
week at baseline was associated with an increased risk
of incident elevated BP (HR 1.49, 95% CI 1.01-2.20,
p=0.044), compared to participants who were not
active.

Participants who reported cutting down sports-
related PA from>150 min per week at baseline
to< 150 min per week at follow-up, had an increased
risk of incident elevated BP (HR 1.68, 95% CI 1.01-2.80,
p=0.046) as compared to participants who remained
continuously inactive (Table 5).
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Table 4 Association between PA variables and the risk of incident reduced high-density lipoprotein cholesterols
No. with incident reduced HDL (N =139, 25.9%)
No. atrisk No.incidentreduced Model 1 adjusted p-value Model 2 adjusted p-value
(N=537) HDL (% of No. atrisk) Hazard Ratio (95% Hazard Ratio (95%
Cl) @)

Habitual PA level at baseline [min/week]

Low (<75) 29 11(1.9) ref ref

Medium (75-149) 125 31(54) 0.85 (0.41-1.74) 0.648 0.86 (0.41-1.79) 0.683

High (= 150) 383 97 (16.9) 0.77 (0.40-1.49) 0442 0.72 (0.37-1.40) 0332
Sports-related PA level at baseline [min/week]

Low (<75) 280 87(15.2) ref ref

Medium (75-149) 121 26 (4.5) 0.61 (0.39-0.96) 0.034 0.59 (0.37-0.95) 0.031

High (> 150) 136 26 (4.5) 0.63 (0.41-0.98) 0.041 0.63 (0.40-0.99) 0.048
Sports-related intensity level at baseline [METh/week] !

Not intensively active (<8.3) 285 88 (15.4) ref ref

Moderately intensively active (8.3-16.5) 112 26 (4.5) 0.72 (046-1.13) 0.149 0.68 (0.43-1.09) 0.107

Highly intensively active (> 16.6) 139 25 (4.4) 0.59 (0.37-0.93) 0.022 0.58 (0.36-0.93) 0.024
Change in sports-related PA over time [min/week] ¥

Stable inactive (< 150~ < 150) 276 86 (15.0) ref ref

Quits activity (> 150-<150) 38 8(1.4) 0.61(0.30-1.27) 0.189 0.66 (0.32-1.38) 0.269

Starts activity (< 150-> 150) 120 23(4.0) 0.54 (0.34-0.87) 0.011 0.43 (0.25-0.74) 0.002*

Stable active (> 150- > 150) 79 18 (3.1) 0.74 (0.44-1.23) 0.245 0.67 (0.39-1.16) 0.156
Change in sports-related intensity level over time [METh/week] ('

Stable low (< 16.6-<16.6) 86 92 (16.1) ref ref

Decreasing (> 16.6-< 16.6) 101 9(1.6) 0.56 (0.27-1.15) 0.114 0.62 (0.30-1.28) 0.193

Increasing (< 16.6—>16.6) 50 17 (3.0) 0.48 (0.28-0.81) 0.006*  0.43 (0.24-0.77) 0.004*

Stable high (> 16.6-> 16.6) 289 16 (2.8) 0.57 (0.33-0.98) 0.040 0.55(0.31-0.97) 0.040

Cl confidence interval, METh metabolic equivalent hours, HDL high-density lipoprotein cholesterols, min minutes, N number of participants, No. Number, PA physical
activity, ref reference group, SES socio-economic status. Model 1: adjusted for age, sex and SES; Model 2: adjusted for age, sex, SES, and comorbidities with regard to
MetsS risk factors at study entry. ¥ indicates number of N missing. Significant values (p <0.05) are in [bold]; significant values after Bonferroni correction for multiple

testing are indicated by [*]

Association of PA with incident elevated blood-glucose

Of all participants included in the analysis, 283 (44.1%)
had one follow-up assessment, 145 (22.6%) participants
had two follow-up assessments, 108 (16.8%) participants
had three follow-up assessments, 64 (10.0%) had four
follow-up assessments, and 41 (6.4%) participants had 5
follow-up assessments. The mean (SD) times of follow-
up assessments was of 2.1 (1.3). After a mean follow-up
of 14.2 (SD 8.5, range 5-29) years, 47 (7.3%) participants
developed incident elevated BG (please refer to Fig. 1)
with 9082 person-years (sum of the time spans for each
participant under observation).

Habitual and sports-related PA were not associated
with the risk of incident elevated BG (please refer to
Table 6).

For participants who were stable (sta-
ble>150 min per week from baseline to follow-up),
there was a decreased risk of incident elevated BG (HR
0.13, 95% CI 0.02-0.92, p=0.042) compared to par-
ticipants who were stable inactive. In addition, for

active

participants who reported a stable high sports-related
PA (stable>16.6 METh per week from baseline to fol-
low-up), there was a decreased risk of incident elevated
BG (HR 0.13, 95% CI 0.02-0.99, p=0.049) compared
to participants with a stable low sports-related PA level
(Table 6).

Discussion

The aim of this study was to examine the associations
between various PA variables and new onset of five dif-
ferent risk factors of MetS among middle-aged males and
females from a community-based sample in South-West-
ern Germany over a period of 29 years.

Our study adds to the growing body of research on
the association between PA levels and risk reduction
of new onset of risk factors of MetS. Higher PA levels
at baseline were associated with a decreased risk of
new onset of reduced HDL, with risk reductions rang-
ing between 37 to 42% depending on the PA variable.
To our surprise, we observed a 49% increased risk of
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Table 5 Association between PA variables and the risk of incident elevated blood pressure
No. with incident elevated BP (N =185, 62.3%)
No. atrisk No. incident elevated Model 1 adjusted p-value Model 2 adjusted p-value
(N=297) BP (% of No.atrisk) Hazard Ratio (95% Hazard Ratio (95%
(d)] d)]

Habitual PA level at baseline [min/week]

Low (< 75) 14 8(2.7) ref ref

Medium (75-149) 74 44 (14.8) 1.23(0.58-2.62) 0.597 1.00 (0.42-2.40) 0.995

High (=150) 209 133 (44.8) 1.23(0.59-2.54) 0.583 1.056 (0.46-2.45) 0.899
Sports-related PA level at baseline [min/week]

Low (<75) 162 98 (33.0) ref ref

Medium (75-149) 72 45(15.2) 1.09 (0.75-1.57) 0.652 1.11(0.75-1.65) 0.607

High (> 150) 63 42 (14.1) 1.30 (0.90-1.88) 0.163 1.40 (0.94-2.09) 0.098
Sports-related intensity level at baseline [METh/week] !

Not intensively active (<8.3) 169 95 (32.0) ref ref

Moderately intensively active (8.3-16.5) 63 45 (15.2) 1.34(0.93-1.92) 0.118 1.26 (0.86-1.85) 0.241

Highly intensively active (> 16.6) 64 45(15.2) 142 (0.99-2.03) 0.058 1.49 (1.01-2.20) 0.044
Change in sports-related PA over time [min/week] (1%

Stable inactive (< 150~ < 150) 171 102 (34.3) ref ref

Quits activity (> 150-<150) 26 20(6.7) 1.65 (1.01-2.69) 0.046 1.68 (1.01-2.80) 0.046

Starts activity (< 150-> 150) 59 38(128) 0.75(0.51-1.10) 0.142 0.69 (0.45-1.06) 0.090

Stable active (> 150-> 150) 29 18 (6.1) 0.92 (0.55-1.53) 0.737 0.92 (0.52-1.63) 0.775
Change in sports-related intensity level over time [METh/week] &

Stable low (< 16.6-<16.6) 176 103 (34.7) ref ref

Decreasing (> 16.6-<16.6) 30 22(74) 147 (0.92-2.34) 0.106 1.52 (0.92-2.50) 0.101

Increasing (< 16.6—> 16.6) 55 36 (12.1) 0.74 (0.50-1.10) 0.137 0.74 (0.49-1.13) 0.158

Stable high (> 16.6-> 16.6) 33 23(7.7) 1.03 (0.65-1.63) 0.904 1.11 (0.68-1.81) 0.668

BP blood pressure, Cl confidence interval, METh metabolic equivalent hours, min minutes, N number of participants, No. Number, PA physical activity, ref reference
group, SES socio-economic status. Model 1: adjusted for age, sex and SES; Model 2: adjusted for age, sex, SES, and comorbidities with regard to MetS risk factors at
study entry. ¥ indicates number of N missing. Significant values (p < 0.05) are in [bold]; significant values after Bonferroni correction for multiple testing are indicated

by []

incident elevated BP in association with higher PA lev-
els. In our data, there was no association between base-
line PA levels and WC, TG or BG.

With regard to the association between changes in PA
levels from baseline to follow-up, and risk of new onset
of risk factors of MetS, we observed several statistically
significant associations. For example, engaging in stable
high sports-related PA from baseline to follow-up was
associated with a a 87%-decreased risk of incident ele-
vated BG for PA levels of 150 min or>16.6 METh per
week. Furthermore, stable high levels of sports-related
PA of METh from baseline to follow-up was associated
with a 45%-decreased risk of incident reduced HDL. In
addition, favorable changes in sports-related PA lev-
els from baseline to follow-up, were associated with
various risk reductions, ranging from a 37% decreased
risk of incident elevated TG, to a 57% decreased risk
of incident reduced HDL, and a 38% decreased risk
for elevated WC. In contrast, reducing sports-related
PA levels to below 150 min per week over time was

associated with a 68% increased risk of incident ele-
vated BP.

In general, we observed that various PA variables were
associated with decreased risks of new onset of ele-
vated TG, and reduced HDL. This is in line with previ-
ous research. For example, longitudinal studies reported
that leisure time PA was associated with higher circulat-
ing levels of HDL [32], and that an higher baseline lev-
els of PA were associated with increases in HDL in all
participants, whereas decreases in TG were only found
in White study participants [33]. Of note, in our study,
we could show that particularly increasing PA (minutes
and METh) over time seem to be beneficial to reduce the
risk of new onset of elevated TG levels or reduced HDL
which is also consistent with previous reports (e.g. [34]).

Several studies reported associations between PA levels
and a decreased risk of incident elevated BG [35-37] or
diabetes [38]. Whereas, we could not find an association
between baseline PA levels but favorable change in PA
over and decreased risk of incident elevated BG which is
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Table 6 Association between PA variables and the risk of incident elevated blood- glucose

No. with incident elevated BG (N =47, 7.3%)

No. at risk No. incident elevated BG (%  Model 1 adjusted Hazard p-value
(N=641) of No. at risk) Ratio (95% Cl)

Habitual PA level at baseline [min/week]

Low (<75) 33 2(03) ref

Medium (75-149) 143 1101.7) 2.12 (0.46-9.85) 0338

High (> 150) 465 34 (5.3) 1.39(0.33-5.82) 0.656
Sports-related PA level at baseline [min/week]

Low (< 75) 345 31 (4.8 ref

Medium (75-149) 142 10(1.6) 0.97 (0.46-2.06) 0.942

High (=150) 154 6(0.9) 0.54 (0.22-1.32) 0.176
Sports-related intensity level at baseline [METh/week] 0

Not intensively active (< 8.3) 349 31(4.8) ref

Moderately intensively active (8.3-16.5) 137 110.7) 1.13(0.55-2.28) 0.745

Highly intensively active (> 16.6) 154 5(0.7) 0.50 (0.19-1.30) 0.154
Change in sports-related PA over time [min/week]

Stable inactive (< 150 =< 150) 333 34(5.3) ref

Quits activity (= 150 =< 150) 52 5(0.7) 0.97 (0.38-2.50) 0.950

Starts activity (< 150 —=> 150) 144 6(0.9) 0.43(0.17-1.04) 0.062

Stable active (> 150 —> 150) 86 1(0.1) 0.13 (0.02-0.92) 0.042
Change in sports-related intensity level over time [METh/week] ©!

Stable low (< 16.6 -<16.6) 348 32(5.0) ref

Decreasing (> 16.6 -<16.6) 54 4(0.6) 1.03 (0.36-2.95) 0.962

Increasing (< 16.6 — > 16.6) 135 10(1.6) 0.76 (0.36-1.58) 0457

Stable high (> 16.6 ->16.6) 98 1(0.1) 0.13 (0.02-0.99) 0.049

BG blood-glucose, Cl confidence interval, METh metabolic equivalent hours, min minutes, N number of participants, No. Number, PA physical activity, ref reference
group, SES socio-economic status. Model 1: adjusted for age, sex und SES. Model 2 not reported due to small sample size of N 47 which does not allow for adjustment
of more than three confounding variables. ¢ indicates number of N missing. Significant values (p < 0.05) are in [bold]; significant values after Bonferroni correction for

multiple testing are indicated by [*]

also in line with prior studies (e.g. [39, 40]). Thus, we con-
clude that particularly stable or increasing engagement in
PA over longer periods of time is beneficial in reducing
the risk of new onset of elevated BG levels.

In our data, PA does not appear to be associated with
WC. In contrast, a study by Cardenas et al. reported an
inverse association of leisure time PA with WC, abdomi-
nal obesity and BMI [41]. With regard to changes in PA
levels over time, a large Asian cohort study reported that
an increase in PA was associated with lower abdomi-
nal obesity [42]. However, a comparison between our
research with other longitudinal studies is questionable,
as most prior studies focused either on body weight
change/obesity as outcome of interest [43], or on waist
circumference as predictor variable [44], rather than out-
come of interest like we did. Thus, more research on the
longitudinal association between PA and risk of incident
elevated WC is warranted, and researchers may also want
to consider other factors such as nutrition which may
play an important role on the association between PA
and WC (e.g. [45]).

Also, to our surprise, our data point towards an
increased risk of incident elevated BP in association with
PA, particularly of higher amounts of METh. Indeed, pre-
vious studies on the association between PA levels and
BP as outcome of interest have also reported conflict-
ing results. For example, a study from Mexico reported
an increased risk of hypertension in participants who
were physically inactive compared to those who were
highly active but found no association between total PA
and hypertension [46], whereas another study found no
significant association between PA and risk of hyper-
tension [47]. Furthermore, other studies reported that
higher baseline levels as well as stable PA levels are asso-
ciated with lower risk of incident hypertension [37, 48,
49]. In contrast to these reports, our results showed an
increased risk of elevated BP for participants who are
intensively active compared to those who are inactive.
However, differences between our study and previous
studies may pertain to study samples and methodology,
such as assessment of PA. Also, more research is needed
to untangle the potential mechanisms that may underlie
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an association between PA and reduced or increased risk
of new onset of risk factors of MetS.

Our research showed that, in addition to baseline PA,
particularly PA engagement over time may be crucial
to elicit potential beneficial effects on cardiometabolic
health. As stated in the introduction, underlying physi-
ological effects of PA may impact the metabolic system.
In addition to its direct impact on the body, a certain life-
style (i.e., healthy nutrition, sufficient engagement in PA)
may have an impact on human body’s health in the long-
term [2]. With regard to potential health benefits, PA
engagement on the one hand, and stability of sports par-
ticipation on the other hand appear to be important fac-
tors (i.e. [50, 51]). Additionally, future research may need
to take into account quantity and quality of PA, such as
type and intensity of PA over time, and preferably across
the lifespan. Based on our findings, we hypothesize that
maintaining or even increasing continuous engagement
in sports-related PA across the lifespan may be most
effective in order to achieve desirable health benefits with
regard to cardiometabolic risk reduction.

A major strength of our study is the longitudinal
design with a long follow-up period of 29 years. To the
best of our knowledge, only few studies exist with such
a long follow-up time (e.g., Harvard Alumni Study [52],
Framingham Heart Study [53], National Health and
Nutritional Examination Survey [54], Nurses’ Health
Study [55]). In addition to previous studies, our analysis
focused not only on sports-related PA at baseline, but
also considered habitual activity and change in sports-
related PA during follow-up. Furthermore, self-reported
health status of participants was augmented by a health
examination performed by a licensed physician.

Limitations of our study pertain to the rather small
sample of participants with predominantly medium to
high SES. Thus, our results may not be generalizable to
communities of middle-aged adults with lower SES. In
addition, PA was assessed by a self-reported question-
naire, which may be prone to recall bias, i.e., PA may
have been over- or underestimated by participants. How-
ever, the questionnaire used in our study has been tested
for reliability (test-reliability for two weeks r>0.90) and
internal consistency (a« =0.94) [24]. Furthermore, we did
not examine changes in PA between childhood or youth
and adulthood, or between early and middle adulthood.
It is known that participation in PA varies across the
lifespan, e.g., sports behavior is rather stable from child-
hood to youth [56], whereas PA behavior in adulthood is
instable [57]. Therefore, an objective assessment of PA
behavior (i.e., using accelerometry) would add beneficial
information about PA and should be considered in future
research. Furthermore, our results are not adjusted for
multiple comparison, and this may lead to potential risk
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of bias. Therefore, a post-hoc Bonferroni correction can
be applied to adjust p-values for multiple testing accord-
ing to the formula (adjusted p-value=0.05/number of
tests) [58]. Thus, the adjusted p-value after Bonferroni
Correction is 0.01 (=0.05/5), for each outcome of inter-
est respectively. Results that remained significant after
correction are indicated by * in the result tables (please
refer to Tables 2 and 6). This applies to the associations
between changing PA (increasing PA from below to more
than 150 min/16.6 METh per week) and incident reduced
HDL and elevated TG. In addition, with regard to change
in PA behavior as predictor variable in our analyses, we
only considered the first and latest information on PA
available in our datasets. Thus, potential fluctuations
in PA behavior between other measurements are not
reflected which may have led to biased findings. There-
fore, further analyses should consider other statistical
analyses to better account for fluctuations over time such
as latent growth curve analyses.

In our study, we considered the first occurrence of
onset of risk factors of MetS as the outcome of interest.
However, by definition, the status of these five risk fac-
tors may fluctuate over time in participants, particularly
as we had several measurement points. As this sample
selection definition may led to potential bias, future stud-
ies should thus not only focus on the first event of inci-
dent risk factor of MetS in a dataset, but also consider
change in status of risk factors of MetS. Due to the focus
on risk factors of MetS (i.e., WC, HDL, TG, BP or BQG)
it is possible to predict incident MetS [59]. Furthermore,
we did not examine the association between risk factors
and their dependence within each other. Thus, in addi-
tion to calculating HRs, future studies may explore a dif-
ferent statistical approach, e.g. linear-mixed modelling.
In addition, in our analysis, we only examined the poten-
tial impact of PA on MetS risk factors. However, MetS is
multifaceted and incidence of MetS risk factors, as well as
PA pattern, may be influenced by other behavioral and/
or lifestyle-related variables such as nutrition [14, 60—63]
or fitness [22, 64]. Finally, even though we conducted a
longitudinal study to examine the association between
PA (which was considered the predictor) and incident
outcome of interests, we cannot answer the question of
cause and effect, and inverse causality may thus be pos-
sible. Therefore, more research is needed to untangle the
longitudinal associations between PA and incident risk
factors of MetS, and our study also needs to be confirmed
by prospective studies conducted in other communities.

Conclusions

In conclusion, our data shows that engagement in PA, par-
ticularly at medium or high levels, as well as starting PA
engagement, or maintaining and increasing PA levels over
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time are associated with decreased risk of new onset of
MetS risk factors, particularly elevated TG, reduced HDL,
elevated WC, and elevated BG. These findings have impli-
cations for PA promotion in middle-aged adults aimed at
increasing metabolic health, and underline the importance
of structured PA health promotion programs and public
health strategies, even at community-based levels.
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