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Abstract  
Physical activity (PA) has a positive effect on risk factors related to cardiometabolic health yet amount of PA and time 
of onset is unclear. Therefore, we investigated the relationship of PA estimates and cardiometabolic risk factors in a 
large healthy population of an understudied age group of young adults using a standard gravity-based method on 
body adiposity and risk markers. In 856 (532 women, 324 men, 32–35 years) subjects we evaluated the association of 
PA and cardiometabolic risk factors in early adulthood. PA was measured using accelerometers for a period of two 
weeks. Step counts were divided into light (LPA), moderate (MPA), and vigorous (VPA) intensity classes. Income of 
the household was 63 446 ± 46 899e and 57.5% had higher education. Total daily step numbers were 11962.5 ± 
5163.2, LPA 5459.6 ± 2986.6, MPA 5932 ± 3404.6, and VPA 572.3 ± 668. Higher total PA volume was associated 
with lower weight, BMI, % body fat, smaller visceral fat area (VFA) and waist circumference, lower total cholesterol, 
LDL, and reflection coefficient of the pulse wave. LPA correlated with weight, BMI, waist circumference, total 
cholesterol, LDL, and central pulse pressure (cPP). Percent body fat (%BF), VFA, total cholesterol, LDL, reflection 
coefficient, heart minute index, and heart minute volume were significantly associated with MPA and VPA intensity 
PA volume. Lower PA in early adulthood correlates with increased cardiometabolic risk markers which should be 
translated into specific recommendations to thrive for a healthier lifestyle to delay and decrease their onset.
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Introduction

I
n the European Union (EU), 90% of all deaths are caused by non- 
communicable diseases and 40% by cardiovascular diseases (CVD) 

[1]. The European Heart Network has estimated that CVD causes 
costs over 200 billion euro per year [2]. In addition, the prevalence 
of obesity (BMI ≥30 kg/m) has more than doubled across the EU 
over the course of 35 years, affecting more than 20% of adults. By 
eliminating the main lifestyle risk factors for type 2 diabetes (T2D), 
93% of these cases of 35–65-year-old adults could be preventable [1]. 
Prevention has the highest success rate if applied early with common 
and cheap countermeasures when tissues have not changed into a 
pathophysiological phenotype. Physical activity (PA) is cheap and 
scientifically proven benefits in changing blood pressure, high- and 
low-density lipoproteins and total cholesterol levels, triglycerides, 
inflammation, plasma glucose, and insulin levels [3–8].

PA is beneficial in all intensities but has the strongest effects with 
moderate to vigorous physical activity (MVPA) on cardiometabolic 
health [4, 6]. A prospective cohort (aged 18–75 years at baseline) 
with 15 years follow-up time found that 30 min of total PA per day 
was associated to a 50% lower mortality rate for all-cause and CVD 
mortality [9]. In a cross-sectional study, reallocating 30 min from 

sedentary behavior (SB) to MVPA had significant benefits on HDL 
cholesterol, triglycerides, waist circumference, plasma glucose, and in-
sulin levels [10]. The recommended 150 min of MVPA/week was asso-
ciated with 1% lower carotid-femoral pulse wave velocity 
corresponding to 1.8 years reduction in vascular age [8]. Tudor-Locke 
and colleagues found that normal weight subjects took more steps per 
day and spent more time in MPA and VPA than the overweight or 
obese subjects [11]. One hundred fifty minutes of MVPA per week was 
more beneficial to cardiometabolic health than 10 000 steps/day target, 
suggesting that the impact of steps on health effects could vary.

The development of a cardiometabolic risk profile starts early 
with a reduction in physical activity. We therefore wanted to inves-
tigate the relationship of PA estimates and cardiometabolic risk 
factors in a large healthy young population using a standard gravity 
(g) based method on body adiposity and blood-derived risk markers. 
We hypothesize that already at a young health stage adiposity and 
cardiovascular markers are inversely correlated with PA.

Methods
We measured healthy subjects that belonged to the Northern 
Finland Birth Cohort (NFBC1986) which were invited for a data 
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collection during May 2019–December 2020 (Fig. 1) [12]. The ori-
ginal cohort consisted of 99% of born children between 1 July 1985 
and 30 June 1986 in the two most Northern provinces in Finland. 
The participants living near the Oulu region were sent an invitation 
to participate in the data collection. A total of 3468 subjects filled in 
the broad postal questionnaires which included background (I), 
health (II), economy, work, and mental resources questionnaire 
(III), opinions and experiences questionnaires (IV). The data collec-
tion coincided with the COVID-19 pandemic, which required a re-
organization of the data collection procedures. A total of 1807 
subjects participated in the on-site measurements and 1666 agreed 
to the 2-week PA measurement of whom 856 (532 women and 324 
men) completed the measurement. The acceptance criteria for the 
PA measurement were at least 7 days of valid wear-time and a filled 
PA diary (including working days, sleeping periods, and possible 
non-wear reasons). The wear-time was determined from the diaries 
filled by the participant. One valid day was 16 h or the wear-time 
from waking up to going to sleep. At least five working days and two 
weekend days were needed for a valid measurement period. Table 1 
shows the population characteristics. The study was conducted 
according to the declaration of Helsinki, national law and was 
reviewed and approved by the Northern Ostrobothnia Hospital 
District Ethical Committee 108/2017 (15 January 2018). Informed 
consent was obtained from all subjects in the study.

Subjects wore the Sartorio Xelometer (Oulu, Finland) on their 
right hip for two consecutive weeks, advised only to remove it 
when showering, swimming, going to sauna, and sleeping. Sartorio 
Xelometer is a tri-axial accelerometer with a raw acceleration data 
output (g) with a 16 g range, 100 Hz sampling rate, and a battery life 
of 21 days of measurement [13, 14]. Measurement data were 

extracted using Sartorio v18 software and detection algorithms pro-
vided by the manufacturer were run on MATLAB R2019a for step 
counts and step intensities as 3D-acceleration vectors (g) [13]. The 
acceleration data was analysed as a whole, without setting any epochs. 
The step detection algorithm was based on the following variables: (1) 
A threshold value for the 3D acceleration. (2) The maximum value of 
the 3D acceleration peak. (3) The slope of the 3D acceleration peak. (4) 
The area of the 3D acceleration peak. (5) The time difference between 
consecutive 3D acceleration peaks. The algorithm was optimized with 
data from 35 participants and validated in a cohort of 19 normal 
weighted participants and 48 overweight participants [13, 14]. After 
detection of step numbers and their intensities (acceleration, g), step 
counts were divided into light, moderate, and vigorous according to 
corresponding acceleration in g-values and MET-values derived from 
previous measurements on a treadmill in a laboratory setting [13, 14]. 
The laboratory setting included male and female participants (N¼ 83) 
with varying body anthropometrics and age (21–74 years old). Steps 
were categorized into intensity classes as follows: Light (LPA) 1.037– 
1.67 g (<3 METs), moderate (MPA) 1.67–2.5 g (3–6 METs), and vig-
orous (VPA) 2.5–10 g (>6 METs). LPA, MPA, and VPA variables 
represent the daily step numbers within the category cut-offs. 
Sedentary behavior was not studied. Anthropometric measures, pulse 
wave analysis (Mobil-O-Graph, IEM GmbH, Aachen, Germany), 
blood pressure measurement, grip strength, and blood drawing were 
conducted by a registered study nurse following the best standard 
procedures. Biological samples were analysed daily in Nordlab 
(Nordlab, Oulu, Finland). Body mass index (BMI), percent body fat 
(%BF), and visceral fat area (VFA) were obtained from bioimpedance 
analysis, with InBody 720 device (Biospace, Co, Ltd, Seoul, Korea). 
Statistical analysis was performed using IBM SPSS Statistics 27. 

Figure 1. The flow chart of the study.
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Normality of the data was tested using the Kolmogorov–Smirnov test. 
Then, Pearson correlations were used to assess associations between 
variables of interests and statistically significant correlations were 
chosen for additional analysis. Observed significant associations be-
tween PA and CVD risk variables were further examined using multi-
variable linear regression with alcohol consumption 
(g/day), smoking status (yes/no), and education level as covariates 
(model 1) (Table 2 and Supplementary Table S1). Adjusted and un-
adjusted R2-values were calculated to assess the fit of the model. 
Multicollinearity was assessed using the variance inflation factor 
(VIF) and values over 5 were considered to have severe multicollinear-
ity. The level of statistical significance was set to 0.05. The analyses 
were conducted separately for the whole study population and for men 
and women separately to study whether there are sex differences in PA 
response with individual variables. Data are presented as mean ± SD.

Results
The results are based on the valid data on 856 healthy 32–35-year- 
old adults (Table 1). The mean combined income of the household 
was 63 446 ± 46 899e and 57.5% had higher education degrees. The 
total mean step numbers were 11962.5 ± 5163.2 per day (Table 2). The 

proportion of LPA (1.037–1.67 g) category steps was 5459.6 ± 2986.6, 
MPA (1.67–2.5 g) was 5932 ± 3404.6, and VPA (2.5–10 g) was 572.3 ± 
668. The observed step numbers were similar in both sexes. Men had 
17.9% more VPA than women. The adjusted coefficients of determin-
ation ranged between 0.007 and 0.059 for statistically significant asso-
ciations. Total step counts correlated with several anthropometric and 
adiposity-describing variables (Table 3). Higher total PA volume was 
associated with lower weight, BMI, %BF, smaller VFA and waist cir-
cumference, lower total cholesterol, LDL, reflection coefficient (ratio of 
the amplitudes of the two waves during one cardiac cycle), and a 
higher heart minute volume index.

For men, the higher total step count was associated after adjusting 
for cofounders with lower weight, BMI, %BF, smaller VFA, LDL 
cholesterol, cPP, and reflection coefficient. Light intensity PA vol-
ume correlated with waist circumference and lower cPP in model 1. 
In the multivariable regression model, moderate intensity PA vol-
ume was associated with lower weight, BMI, %BF, reflection coeffi-
cient and smaller VFA, waist and hip circumference. With vigorous 
PA intensity, %BF, LDL cholesterol, reflection coefficient, VFA, and 
waist circumference significantly correlated in model 1 (Table 3).

For women, higher total step count associated in model 1 with 
weight, BMI, %BF, total cholesterol, LDL cholesterol, triglycerides, 

Table 2. The PA variable characteristics of the population in a day

Men (n5 324) Women (n5 532) All (n5 856)

Mean ± SD Min.–Max. Mean ± SD Min.–Max. Mean ± SD Min.–Max.

Total steps 11946.6 ± 5441.2 2032.5–30953.2 11972.1 ± 4992.5 2197.2–26431.6 11962.5 ± 5163.2 2032.5–30953.2
LPA 5359.7 ± 2968.4 995.2–18339.9 5520.5 ± 2998.9 1031.4–22808.6 5459.6 ± 2986.6 995.2–22808.6
MPA 5983.8 ± 3574.6 566.1–20400.4 5900.9 ± 3301.6 553.4–19514.4 5932 ± 3404.6 553.4–20400.4
VPA 631.5 ± 703.6 10.5–5838.1 535.9 ± 643.1 11.2–5447.5 572.3 ± 668 10.5–5838.1

Mean step numbers, light physical activity (LPA) step numbers, moderate physical activity (MPA) step numbers, and vigorous physical 
activity (VPA) step numbers.

Table 1. The characteristics of the study population (n¼856)

Men (n5 324) Women (n5 532) All (n5 856)

Income
Total household (e/year, mean) 62 584 ± 26 609 64 013 ± 56 411 63 446 ± 46 899
Education
Upper-secondary education or lower-level education (%) 8.1 7.1 7.5
Short cycle tertiary education (%) 41.8 30.4 34.8
Higher education (%) 49.8 62.3 57.5
Other (%) 0.3 0.2 0.2

Mean ± SD Min.–Max. Mean ± SD Min.–Max. Mean ± SD Min.–Max.
Hemoglobin-A1c (mmol/mol) 33.5 ± 3.6 24–74 32.9 ± 4.3 25–107 33.1 ± 4.1 24–107
Alanine aminotransferase (U/l) 36.5 ± 25.3 9–189 19.9 ± 13.4 0–164 26.2 ± 20.4 0–189
Aspartate aminotransferase (U/l) 21.6 ± 13.3 0–145 15.9 ± 14.0 0–218 18 ± 14.0 0–218
Albumin (g/l) 41.9 ± 2.2 35–47 39.4 ± 2.8 26–46 40.4 ± 2.8 26–47
Glucose (mmol/l) 5.2 ± 0.8 42739 4.9 ± 0.8 3.8–21.2 5 ± 0.8 3.8–21.2
C-reactive protein (mg/l) 1.2 ± 2.5 0–34.7 1.8 ± 3.1 0–24.6 1.6 ± 2.9 0–34.7
Cholesterol (mmol/l) 4.8 ± 0.8 2.8–8.6 4.6 ± 0.8 2.4–8.6 4.6 ± 0.8 2.4–8.6
High density lipoprotein (mmol/l) 1.4 ± 0.3 0.7–2.8 1.6 ± 0.3 0.88–2.85 1.5 ± 0.3 0.72–2.85
Low density lipoprotein (mmol/l) 3.0 ± 0.7 1.3–5.7 2.5 ± 0.7 0.5–5.4 2.7 ± 0.8 0.5–5.7
Triglycerides (mmol/l) 1.0 ± 0.8 0.3–8.8 0.8 ± 0.4 0.18–3.81 0.9 ± 0.6 0.18–8.82
Height (cm) 178.7 ± 6.0 160.4–200.8 165.0 ± 5.7 148–180.4 170.2 ± 8.8 148–200.8
Weight (kg) 82.9 ± 13.2 51.2–143.2 69.8 ± 14.4 39.7–129.6 74.7 ± 15.3 39.7–143.2
Waist circumference (cm) 92.1 ± 10.3 68.5–138.5 84.6 ± 12.9 0–170.5 87.3 ± 12.6 0–170.5
Hip circumference (cm) 99.7 ± 7.00 80.5–132.5 99.1 ± 11.6 0–146.5 99.3 ± 10.1 0–146.5
BMI (body mass index) 25.95 ± 3.74 17.8–44 25.6 ± 4.97 15–45.9 25.7 ± 4.5 15–45.9
VFA (visceral fat area) 79.1 ± 43.4 5–301.3 107.6 ± 56.5 17.6–281.2 96.8 ± 53.7 5–301.3
Grip strength (kg) 52.3 ± 7.8 27–78 32.9 ± 5.5 4–60 40.2 ± 11.4 4–78
Total alcohol intake (g/day) 5.8 ± 9.5 0–65.3 3.0 ± 7.4 0–91.3 4.0 ± 8.6 0–91.3
Systolic blood pressure (mmHg) 125.8 ± 11.2 103.7–176 114.9 ± 9.8 91.7–155.3 119.0 ± 11.6 91.7–176
Diastolic blood pressure (mmHg) 80.6 ± 8.3 60.3–108 74.7 ± 8.6 53.3–106.3 76.9 ± 8.9 53.3–108
Pulse wave velocity (PWV) 5.74 5.0–7.4 5.36 ± 0.32 4.33–6.73 5.5 ± 0.4 4.33–7.4

Men (n¼ 324) and women (n¼532). Results are presented as mean ± SD.

Associations of step accelerations and cardiometabolic risk markers 3 of 6 
D

ow
nloaded from

 https://academ
ic.oup.com

/eurpub/advance-article/doi/10.1093/eurpub/ckae199/7916470 by Jyvaskylan yliopisto / Kirjasto - kausijulkaisut user on 12 D
ecem

ber 2024

https://academic.oup.com/eurpub/article-lookup/doi/10.1093/eurpub/ckae199#supplementary-data


VFA, waist circumference, and heart minute volume. In model 1, 
light intensity PA volume was correlated with total cholesterol, LDL 
cholesterol, triglycerides and reflection coefficient. Moderate PA was 
associated with weight, BMI, VFA, LDL cholesterol, waist circum-
ference, %BF, and heart minute volume remained. With vigorous 
intensity PA volume, BMI, VFA, total cholesterol, LDL cholesterol, 
waist circumference, %BF, reflection coefficient, and HR stayed sig-
nificant were associated in the model (Table 3).

Discussion
In a large data collection in Northern Finland (latitude 65� North) 
the relationship between standard gravity-based PA variables and 
cardiometabolic risk factors were analysed. Step numbers as total 
and intensity-wise were similar between sexes with the exception 
of men having more VPA, which has been reported in Norway in 
20–85 year-old subjects [15]. With increasing intensity level, we 
observed an increased number of associations: For men the associ-
ations with total step numbers included weight, BMI, %BF, VFA, 
LDL, central PP, and reflection coefficient. For women total choles-
terol, triglycerides, waist circumference, and heart minute volume 
were associated but not central PP nor reflection coefficient.

We found significant associations mainly on body adiposity and 
lipid biomarkers. Increasing PA intensity associations had stronger 
correlation coefficient with variables such as abdominal adiposity, 
and percentage of body fat. Similar findings in a population with 
matching age-structure were reported in Brazil with BMI, waist cir-
cumference, VFA, and %BF [16]. In terms of PA intensities, benefits 
were already gained with LPA with additional effects with MPA and 
VPA [4, 6], especially regarding body adiposity [17–19]. A Canadian 
study with participants with a mean age of 41.5 ± 14.9 years found 
that the PA recommendations were associated with BMI, blood 
pressure, HDL and LDL, blood glucose, and insulin and beneficial 
effects towards BMI, blood pressure, HDL, total cholesterol, and 
insulin with lower PA volumes [5]. Chastin and colleagues reported 
similar findings with BMI and waist circumference, however they 
did not describe the relationship between PA and LDL or total 
cholesterol, but the authors found significant associations with glu-
cose metabolism most likely due to the large age variation (21– 
64 years) [6]. Several studies described the association between PA 
and HDL, which we did not observed, but found an association 
between PA and LDL [18, 20]. Our subjects were active with nearly 
12 000 daily steps with large proportions of steps in LPA and MPA. 
Step numbers have been investigated in multiple studies with a large 
age distribution [21, 22]. Hansen and colleagues studied 2183 

Table 3. Multiple linear regression analysis results on total PA, light, moderate, and vigorous volumes (continuous scale) and cardiovas-
cular risk factors

Total steps Light Moderate Vigorous

Beta P R2 Adj. R2 Beta P R2 Adj. R2 Beta P R2 Adj. R2 Beta P R2 Adj. R2

Weight All −0.147 .000 0.041 0.036 −0.080 .025 0.029 0.024 −0.121 .001 0.037 0.032 −0.044 .227 0.025 0.020
Male −0.202 .001 0.054 0.039 −0.105 .075 0.023 0.009 −0.196 .001 0.05 0.036 −0.108 .074 0.023 0.009
Female −0.113 .016 0.017 0.008 −0.054 .240 0.011 0.003 −0.093 .042 0.017 0.009 −0.063 .172 0.012 0.004

BMI All −0.136 .000 0.034 0.029 −0.072 .047 0.021 0.016 −0.126 .000 0.031 0.026 −0.093 .011 0.024 0.019
Male −0.171 .004 0.058 0.045 −0.102 .083 0.040 0.026 −0.163 .006 0.055 0.042 −0.082 .173 0.036 0.022
Female −0.121 .009 0.026 0.017 −0.058 .205 0.015 0.006 −0.111 .016 0.023 0.015 −0.099 .034 0.021 0.012

VFA All −0.139 .000 0.028 0.022 −0.049 .173 0.011 0.006 −0.134 .000 0.026 0.021 −0.170 .000 0.037 0.032
Male −0.165 .005 0.063 0.049 −0.058 .321 0.039 0.025 −0.180 .002 0.068 0.054 −0.140 .019 0.054 0.041
Female −0.144 .002 0.033 0.024 −0.066 .154 0.016 0.008 −0.125 .007 0.028 0.019 −0.164 .000 0.039 0.030

%BF All −0.121 .001 0.018 0.013 −0.032 .384 0.005 0.000 −0.118 .001 0.018 0.012 −0.194 .000 0.041 0.035
Male −0.145 .013 0.061 0.047 −0.041 .488 0.041 0.027 −0.166 .004 0.067 0.054 −0.128 .032 0.055 0.042
Female −0.165 .000 0.039 0.031 −0.076 .101 0.018 0.010 −0.138 .003 0.031 0.023 −0.213 .000 0.057 0.049

Waist circumference All −0.115 .003 0.023 0.018 −0.097 .007 0.038 0.033 −0.125 .000 0.044 0.039 −0.094 .010 0.037 0.032
Male −0.101 .117 0.017 0.001 −0.119 .042 0.048 0.035 −0.183 .002 0.068 0.054 −0.131 .028 0.051 0.037
Female −0.115 .019 0.019 0.009 −0.079 .086 0.020 0.012 −0.107 .020 0.025 0.017 −0.114 .014 0.027 0.019

Hip circumference All −0.032 .415 0.002 −0.004 −0.068 .058 0.015 0.009 −0.104 .004 0.021 0.016 −0.081 .027 0.016 0.011
Male −0.034 .594 0.006 −0.011 −0.104 .080 0.021 0.008 −0.171 .004 0.040 0.026 −0.092 .127 0.019 0.005
Female −0.033 .500 0.010 0.000 −0.058 .202 0.014 0.006 −0.082 .074 0.018 0.009 −0.082 .075 0.018 0.009

Cholesterol All −0.109 .002 0.026 0.021 −0.088 .014 0.022 0.017 −0.078 .031 0.020 0.015 −0.066 .070 0.018 0.013
Male −0.105 .075 0.030 0.016 −0.04 .504 0.020 0.006 −0.107 .069 0.030 0.016 −0.117 .053 0.032 0.018
Female −0.118 .010 0.021 0.013 −0.111 .015 0.020 0.012 −0.067 .146 0.012 0.004 −0.064 .161 0.012 0.003

LDL All −0.124 .001 0.028 0.023 −0.088 .015 0.020 0.015 −0.097 .007 0.022 0.017 −0.082 .023 0.019 0.014
Male −0.128 .031 0.028 0.014 −0.064 .283 0.016 0.002 −0.113 .056 0.024 0.010 −0.165 .006 0.038 0.024
Female −0.129 .005 0.023 0.015 −0.092 .043 0.015 0.007 −0.098 .032 0.016 0.008 −0.076 .100 0.012 0.004

Triglycerides All −0.066 .066 0.026 0.021 −0.040 .260 0.023 0.018 −0.055 .123 0.025 0.019 −0.051 .159 0.024 0.019
Male −0.040 .493 0.049 0.036 0.013 .826 0.048 0.034 −0.062 .286 0.052 0.038 −0.053 .372 0.051 0.037
Female −0.113 .013 0.017 0.009 −0.093 .042 0.013 0.005 −0.073 .109 0.010 0.002 −0.075 .104 0.010 0.002

cPP All −0.056 .136 0.030 0.025 −0.099 .009 0.024 0.018 −0.058 .125 0.017 0.011 −0.047 .216 0.016 0.010
Male −0.124 .042 0.056 0.042 −0.121 .047 0.056 0.041 −0.080 .191 0.048 0.033 −0.070 .261 0.046 0.031
Female −0.079 .105 0.009 0.000 −0.066 .170 0.007 −0.002 −0.048 .323 0.005 −0.004 −0.057 .242 0.006 −0.003

Reflection coefficient All −0.121 .001 0.018 0.013 −0.088 .020 0.012 0.006 −0.077 .043 0.010 0.004 −0.153 .000 0.027 0.021
Male −0.186 .003 0.044 0.029 −0.084 .178 0.016 0.001 −0.183 .003 0.042 0.027 −0.181 .004 0.040 0.025
Female −0.080 .099 0.008 −0.002 −0.098 .043 0.011 0.002 −0.006 .902 0.001 −0.008 −0.130 .008 0.018 0.009

Heart rate All −0.046 .227 0.005 −0.001 0.022 .568 0.003 −0.002 −0.061 .109 0.007 0.001 −0.131 .001 0.020 0.014
Male −0.005 .935 0.027 0.012 0.066 .288 0.032 0.017 −0.040 .512 0.029 0.014 −0.101 .109 0.037 0.022
Female −0.088 .068 0.011 0.002 −0.023 .639 0.004 −0.006 −0.085 .080 0.010 0.001 −0.131 .007 0.020 0.011

Heart minute  
volume index

All 0.088 .021 0.010 0.004 0.053 .167 0.005 −0.001 0.080 .036 0.008 0.002 0.047 .225 0.004 −0.002
Male 0.041 .511 0.019 0.004 0.019 .760 0.018 0.003 0.041 .507 0.019 0.004 0.032 .619 0.018 0.003
Female 0.117 .015 0.020 0.011 0.071 .140 0.012 0.003 0.101 .037 0.017 0.008 0.063 .196 0.011 0.001

Beta coefficients, statistical significance levels (P-values), and unadjusted and adjusted R2-values are presented for total population 
(n¼856), and men and women separately and adjusted for education, smoking, and alcohol intake.
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subjects aged 57.0 ± 10.9 years and reported 8002 daily steps on aver-
age with lowest quartile median being 4651 steps/d and highest 
11 467 steps/d [23]. A study with 16 741 elderly female subjects 
(aged 72 (62–101)) reported 5499 steps/d [24]. In middle-aged sub-
jects (mean age of 49.7 and 45.2), two studies reported daily step 
numbers of 9146 and 10 733 [21, 25]. Our population was younger, 
explaining partly their higher step numbers. There is a lack of stud-
ies examining objectively measured PA and health parameters over-
all in subjects aged 20–40, making direct comparisons of our results 
to others challenging. Importantly, if low-force steps are not 
detected or censored by the accelerometer, it shifts the distribution 
to the left, indicating more sedentary numbers [22].

Our participants were in an overall healthy state which is dem-
onstrated by the fact that we did not find any associations with 
glucose levels and PA. Only 20 subjects had impaired fasting glucose 
values (over 6.1 mmol/l), indicating that impaired glucose levels ap-
pear after changes in BMI and lipid levels. The results regarding PA 
and LDL could be influenced by differences in body fat distribution 
and adiposity, differences in the subjects’ diets, or the combination 
of these three [26]. Associations between PA variables and lipid 
markers were significant at lower intensity classes in women and 
waist circumference correlated significantly with all intensity classes 
in women, but in men only at moderate and vigorous intensities. PA 
was correlated with blood pressure, reflection coefficient, and heart 
minute volume across all three intensities. Yet, even at this relatively 
young age, we found significant associations between PA levels and 
cardiometabolic health. Weight gain from early adulthood to middle 
age has been associated with increases in CVDs, T2D, hypertension, 
and cancer [27]. The adverse health effects of insufficient PA 
accumulate as we age. These effects may start with increases in 
body adiposity and abnormal lipid metabolism, followed by 
impaired glucose metabolism and subsequent development of 
disease phenotypes.

Our study has several strengths and weaknesses. The strengths of 
this study include a population of subjects which were of same age, 
born, and lived in the same regions, which reduced cultural vari-
ation and variation to lifestyle, ethnicity, or education quality. The 
single-center study design reduced differences in the methods 
caused by multi-center settings. Methods for collecting cardiometa-
bolic variables were well established, tested, and conducted by 
trained, registered nurses. We measured physical activity over at 
least 7 days with a validated accelerometer. Accelerometry-based 
devices on the market are not comparable in count definition, 
step detection thresholds, sampling frequencies, data processing, 
raw data availability [28–30], while older and newer models do 
not always produce comparable data [31]. A weakness in our study 
was that the sex distribution was tilted towards women because they 
answered the study call more often and followed the instructions of 
measurements more closely. In addition, the data collection was 
affected by the COVID19 pandemic and its regulations, prolonging 
the study period. During the COVID19 pandemic, PA of young 
adults and late adolescents reportedly decreased compared to pre- 
COVID levels in Finland but for elderly people it has been shown to 
even increase [32, 33]. Thus, the PA levels of this population might 
have been lower than in their pre-COVID period and this might 
have affected the results depending on the individual’s participation 
period in relation to start of the pandemic and the possible decrease 
in PA levels has not affected the cardiometabolic risk factors yet. The 
COVID19 pandemic could also be viewed as strength, since we 
managed to conduct the measurement and observe the significant 
associations with PA and cardiometabolic variables even though 
measured population’s habitual PA levels might not represent pre- 
COVID levels.

In conclusion, standard gravity-based objective physical activity 
was associated with better body anthropometrics, lipid metabolism, 
and cardiovascular variables in a healthy, relatively young cohort. 
Men and women responded to physical activity intensity differently, 
with women having more associations towards better lipid 

metabolism at lower intensity levels. These clear associations might 
predict a higher risk profile for cardiometabolic diseases, but it is 
currently unknown which weight they carry for the individual. 
Longitudinal studies would be required. More research is warranted 
to elucidate the associations and especially thresholds between ob-
jectively measured PA and obesity, diabetes, and other life-style 
induced diseases in young adulthood, since these problems are 
becoming more common at even younger ages and contribute to 
health status later in individual’s life.

Supplementary data
Supplementary data are available at EURPUB online.
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