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Abstract: 
Background: Older adults are considered the most sedentary and the most fragile group in our society. 
Understanding how seasonal and meteorological factors impact the sedentary behaviour (SB) is important for 
developing of strategies to improve their health. Therefore, the purposes of the present study were to examine: 
(1) potential spring-autumn variation in SB patterns among older adults from Central Europe, and (2) possible 
interactions between weather conditions and SB patterns. Methods: 83 participants aged 55+ were repeatedly 
measured by accelerometers during one year – in spring and autumn months. Data about SB, physical activity 
(PA) and meteorological factors (daylight length, average precipitation and temperature) have been collected 
during both seasons. SB intervals (bouts) with a duration of 1–4, 5–9, 10–19, 20–29, 30–39, 40–59, and 60+ 
minutes were extracted to observe the spring-autumn differences. Results: In older adults, total sedentary time 
was 412min and 435min in spring and autumn, respectively (p<0.001). In both seasons, approximately 85% of 
daily bout frequency comprised bouts ≤10 minutes long. Regarding to sedentary bout duration, about 45% of the 
daily sedentary time was accumulated in bouts ≤10 minutes long. No significant differences between spring and 
autumn with regard to the duration of sedentary bouts (p>0.05) and frequency of sedentary bouts lasting ≥20 
minutes were found. Looking at weather conditions, SB was significantly lower when the temperature was above 
10°C in the autumn (p<0.01). Daylight length and average precipitation were significantly associated with total 
sedentary time; however, the associations differed in seasons. Conclusions: Although total sedentary time was 
slightly higher in autumn compared to spring, SB patterns did not differ significantly between spring and 
autumn. Overall, weather conditions appear to be important factors related to SB in elderly. Both, total sedentary 
time and SB patterns in relation to weather conditions should be considered when targeting older adults’ SB and 
PA interventions in different seasons. 
Key Words: accelerometer, elderly, season, sitting time, weather 

 
Introduction 

Demographic changes in Central Europe have a significant impact on the process of the ageing of the 
population, since over 20% of the population is older than 55 years. This proportion should increase to 25% in 
the coming decade (Economic and Financial Affairs, 2018). Regular physical activity (PA) is considered a basic 
element of healthy and independent ageing (Rocha et al., 2018). Conversely, sedentary behaviour (SB), which is 
recognized as any waking behaviour in a sitting/lying posture with very low energy expenditure (Tremblay et al., 
2017), has been found to be associated with adverse health outcomes (Copeland et al., 2017) and increased risk 
of mortality (Ekelund et al., 2016). 

Using an accelerometry assessment, it has been established that older adults spend a vast proportion of 
their day in sitting activities and they are the least active group in our society (Harvey, Chastin, & Skelton, 
2015). To reduce SB in older adults, understanding the broad range of determinants that could impact on sitting 
is crucial. Several different determinants, including environmental ones, have been identified as relating to SB in 
older adults (Chastin et al., 2015). Nevertheless, while the seasonal variation of PA has been widely studied 
(Tucker & Gilliland, 2007; Witham et al., 2014), the influence of seasonality on SB in the elderly is less 
understood. Moreover, the majority of these studies are somehow limited; either the activity level has been 
assessed by questionnaires (King et al., 2000; Kornides et al., 2017) or, when using accelerometry, only a single 
measurement of each participant across the season has been performed (Klenk et al., 2012; Sartini et al., 2017; 
Schepps, Shiroma, Kamada, Harris, & Lee, 2018; Sumukadas, Witham, Struthers, & McMurdo, 2009; Wu, 
Luben, Wareham, Griffin, & Jones, 2016). Self-reported PA and SB from the elderly might be inaccurate (Van 
Cauwenberg, Van Holle, De Bourdeaudhuij, Owen, & Deforche, 2014) and a single measurement of activity 
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level from a random week during the year can lead to random error in comparison between seasons. Finally, not 
just total sedentary time, but specific patterns of SB distribution in terms of the duration and number of sedentary 
bouts, should be considered (Diaz et al., 2016). 

The total time spent on SB or SB patterns is associated with meteorological changes such as the 
daylight length and weather (Tucker & Gilliland, 2007). The ambient temperature seems to be the most relevant 
weather factor for older adults, since individuals avoid exposure to hot weather, as well as lower temperatures 
because of the risk of falls and injuries caused by slippery ice surfaces. Several studies have investigated only 
summer-winter differences, which represent extreme weather differences (Arnardottir et al., 2017; Clemes, 
Hamilton, & Griffiths, 2011; Hamilton, Clemes, & Griffiths, 2008; Jones, Brandon, & Gill, 2017). In order to 
recommend the best season to perform either cross-sectional or longitudinal monitoring of physical behaviour, 
neither summer nor winter is the best choice because of the significant influence of environmental factors (Kang, 
Bassett, Barreira, Tudor-Locke, & Ainsworth, 2012). In Central Europe, where there are four distinct seasons, 
the spring and autumn, with their rather mild weather conditions that are mostly without extremes, seem to be 
equivalent periods for SB assessments. However, the evidence for spring-autumn equivalence is missing. 
Therefore, the purposes of the present study were to examine: (1) potential spring-autumn variation in SB 
patterns among older adults from Central Europe, and (2) possible interactions between weather conditions and 
SB patterns. 
 
Methods 

Recruitment procedures 

Community-dwelling older adults from the Universities of the Third Age in the Czech Republic, 
Slovakia, and Poland were recruited to participate voluntarily in the measurement of PA and relevant 
determinants (Pelclová, Gába, Tlučáková, & Pośpiech, 2012; Zając-Gawlak et al., 2016, 2017). In all cases, the 
participants were approached by researchers during selected lectures focusing on a healthy lifestyle. One 
hundred and four healthy retired older adults (≥55 years old) participated in repeated measurements during the 
spring and autumn months within a one-year period. 

Only healthy older adults living independently were invited to participate in the study. Participants with 
physical conditions that might have interfered with the PA and SB measurements (e.g. major hip or knee 
surgery, paralysis, or a motor skills disorder) were excluded from the study. 
Each participant gave their written consent. The project was approved by the institutional ethics committee (no. 
80/2017) and conformed to the principles of the Helsinki Declaration. 
 
Measures 

All participants were asked to wear an ActiGraph GT1M accelerometer (Manufacturing Technology 
Inc., FL, USA) for eight continuous days during waking hours and remove the device during water-based 
activities. Using software supplied by the manufacturer, the sampling interval was set to a one-minute period. 
Non-wear time was defined by an interval of 60 consecutive minutes of zero counts per minute (cpm), allowing 
up to two non-zero interruptions. Activity levels were classified according to a widely-used cut-off points scale 
(Freedson, Melanson, & Sirard, 1998), so activities with an intensity of <100 cpm, 100–1951 cpm, and ≥1952 
cpm were classified as SB, light-intensity PA (LIPA), and moderate-to-vigorous PA (MVPA), respectively. This 
threshold is also widely used in older adults (Gorman et al., 2014). The total time spent on SB was determined 
by summing all the minutes of that intensity in a day. Using the manufacturer’s software, we defined SB 
intervals (bouts) with a duration of 1–4, 5–9, 10–19, 20–29, 30–39, 40–59, and 60+ minutes. Hence, a sedentary 
bout was defined as consecutive minutes in which the device registered <100 cpm. The frequency of sedentary 
bouts, which is equal to a break in SB (Healy et al., 2008), was defined as the number of bouts with a length of at 
least one minute in which the device registered >100 counts. The participants were instructed to attach the 
accelerometer to their right hip on their clothes or by using an elastic belt.  
 
Meteorological factors 

The data was intentionally collected during moderate seasons, representing spring (late March to the 
beginning of June) and autumn (October to the beginning of December). Records of the daylight length 
(minutes), daily average temperature (Celsius), and daily average precipitation (mm) were obtained from the 
closest weather station to the study area.  
 
Statistical data analysis 

One hundred and four community-dwelling older adults participated in repeated measurements during 
the spring and autumn. To be included in the analysis, accelerometer records for at least 10 hours for four days 
were required. Because of missing data (a lack of valid days) or damaged data records, seventeen participants 
were excluded from the data analysis. Four more were excluded because of their outlier data. The final sample 
comprises eighty-three participants (nine males), always with two time records.  
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Descriptive statistics including means and standard deviations were computed to describe older adults’ basic 
anthropometric characteristics and total time spent on SB and SB patterns. The SB variables for both seasons 
were adjusted for identical wear time (795 min/day). The meteorological variables that were recorded included 
the daily average temperature, daylight length, and daily average precipitation. Data from each day of 
measurement was collected and then averaged for a specific week of measurement of each participant. An 
average value for each variable was assigned to each participant. 

A paired t-test was performed to determine the difference in the time spent daily on SB between spring 
and autumn. Pearson correlation was used to evaluate the associations between the chosen weather conditions 
and total time spent on SB in the spring and autumn. Furthermore, the spring-autumn differences between 
proportions were calculated for the frequency and the duration of all sedentary bouts.  

All the statistical analyses were performed using IBM SPSS Statistics v.21 (IBM Software Group, 
Chicago, IL). The significance level was set to 0.05.  
 
Results 

Accelerometry data from repeated-measures was available for eighty-three older adults. One participant 
wore the device for five valid days; the rest of the group wore the accelerometer for at least six days. The 
average device wear time was 798±84 min during the spring monitoring and 792±86 min in the autumn. The 
average age of the participants at baseline was 65±6 years (50–81 years) and their body mass index, calculated 
by dividing the participants’ weight by their height, was 28±5 kg/m2. Table 1 provides the descriptive statistics 
of the SB patterns and mean values of weather conditions in both seasons. Concerning the amount of PA, the 
participants spent an average of 340±75 min and 320±64 min daily on LIPA during the spring and autumn, 
respectively. The daily averages for their participation in MVPA were 45±27 min and 39±22 min during the 
spring and autumn, respectively. 
 
Table 1. Descriptive characteristics for SB patterns in the spring and autumn seasons 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Average daily proportion (%) of sedentary bout frequency distribution 

 Spring Autumn 

 
Mean SD Mean SD 

Sedentary behaviour patterns     

Total sedentary time (min/day) 411.8 76.2 434.6 67.9 

Duration of bout 1–4min (min/day) 102.1 17.1 105.1 20.5 

Duration of bout 5–9min (min/day) 77.3 16.8 81.0 17.7 

Duration of bout 10–19min (min/day) 91.3 23.1 97.3 23.5 

Duration of bout 20–29min (min/day) 55.4 23.7 58.7 22.7 

Duration of bout 30–39min (min/day) 33.9 17.3 39.2 20.8 

Duration of bout 40–59min (min/day) 46.8 29.9 47.9 31.3 

Duration of bout ≥60min (min/day) 4.9 8.2 5.2 7.8 

Total frequency of sedentary bouts (nr/day) 80.0 10.2 82.3 11.3 

Frequency of bout 1–4min (min/day) 56.9 9.7 57.9 11.3 

Frequency of bout 5–9min (min/day) 11.8 2.5 12.4 2.6 

Frequency of bout 10–19min (min/day) 6.8 1.7 7.3 1.7 

Frequency of bout 20–29min (min/day) 2.3 1.0 2.5 1.0 

Frequency of bout 30–39min (min/day) 1.0 0.5 1.2 0.6 

Frequency of bout 40–59min (min/day) 1.0 0.6 1.0 0.7 

Frequency of bout ≥60min (min/day) 0.1 0.1 0.1 0.1 

     

Weather conditions     

Avg. temperature (°C/day) 13 2 8 4 

Avg. precipitation (mm/day) 2 2 2,5 2 

Avg. daylight (min/day) 970 49 628 70 



JANA PECHOVÁ, JANA PELCLOVÁ, JAN DYGRÝN, IZABELA ZAJĄC-GAWLAK, LENKA 
TLUČÁKOVÁ 

--------------------------------------------------------------------------------------------------------------------------------------- 

---------------------------------------------------------------------------------------------------------------------------- 

JPES ®      www.efsupit.ro  
1095

 
Note: Sedentary bouts with a length of 60+ min represent less than 1% of the daily distribution and they are not 

visible in this figure. 

 

Figure 2. Average daily proportion (%) of sedentary bout duration distribution 

 
 

The total time spent on SB differed between the two seasons (t=-4.305, p<0.001), it was shorter in the 
spring season. By looking at the percentage proportion of SB patterns and the duration and frequency of bouts, 
deeper information about SB can be gained. Figure 1 depicts the numbers of sedentary bouts in an average day. 
The proportion of bout frequency looked very similar in both seasons, but there were significant differences in 
5–9-min bouts (p<0.05) and 10–19-min bouts (p<0.05).  

The most frequent sedentary bout was 1–4 minutes in length. About 85% of the frequency of daily 
bouts comprised bouts ≤10 minutes long. At the same time, about 45% of the daily SB was accumulated in bouts 
≤10 minutes long (Figure 2). The time spent on sedentary bouts ≥30 minutes long represents only a small 
amount of the total SB. No significant differences between spring and autumn with regard to the duration of 
sedentary bouts (p>0.05) were found.  

Looking at weather conditions, the total time spent daily on SB was negatively correlated with the 
average temperature in the autumn (r=-0.338, p<0.01); it was significantly lower when the temperature was 
above 10° C in the autumn. A non-significant association was found in the spring (r=-0.018, p>0.05).  

The mean precipitation was very similar in both seasons and it showed a positive correlation with the 
total time spent on SB in the spring (r=0.334, p<0.01) and a negative and non-significant correlation in the 
autumn (r=-0.156, p>0.05).  

Daylight length was associated with the total time spent on SB in the spring, just as in the autumn 
(p<0.01). A positive correlation (r=0.333) was found in the spring, when the mean total time spent on SB was 
lower than in the autumn and longer daylight was actually associated with more time spent on SB. Nevertheless, 
the correlation in the autumn showed a negative association (r=-0.316), so on a day with longer daylight the 
participant might have accumulated less SB, as was the case in the spring months. 
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Discussion 

In this study, we explored the role of the mild Central European seasons and weather conditions on SB 
patterns in older adults. We found a small but significant difference in the total time spent on SB between the 
spring and autumn and we observed associations of weather conditions with the SB patterns in older adults.  

Our results confirmed that meteorological factors also influence SB patterns in a mild climate, while 
some other studies have suggested that it is mainly substantial weather changes that may influence PA and SB 
(Arnardottir et al., 2017; Cepeda et al., 2018; Wang et al., 2017). Since older adults are considered the least 
active group in society, we naturally expect them to be more sedentary with increasing age and decreasing 
fitness. A visual inspection of the daily proportion of sedentary bout patterns showed a similar distribution of 
bout duration and bout frequency in the spring and autumn. Apparently, it shows that different seasonal 
distributions can occur in terms of the number (frequency) of shorter sedentary bouts ≤20 min long. These 
differences are small and because we do not actually know the specific domains of SB in our group of 
participants, we can assume it might be caused by changes in their daily arrangements. 

The most frequently studied weather variables are temperature, precipitation, wind speed, length of 
daylight, length of sunlight, and humidity. In our study, we observed three meteorological factors – daily average 
temperature, precipitation, and daylight length. Previous research has indicated that temperature is the strongest 
of these factors. We would intuitively expect time spent on SB to be higher at lower temperatures. Klenk et al. 
(2012) studied the effect of weather conditions on walking in their group of elderly German participants. A 
higher daily temperature was associated with more time spent walking. Furthermore, higher temperatures were 
associated with a higher probability of walking for at least 2.5 hours per week in elderly women, but not men 
(Dunn, Shaw, & Trousdale, 2012). The findings of Sartini et al. (2017) are in line with our findings that the 
amount of sedentary time in older adults is highest at the lowest temperatures. Sitting time was significantly 
lower when the temperature was above 10° C in the autumn. 

The findings of our study suggest that the most important factor which is associated with seasonal 
changes in SB is the daylight length. During the autumn the daylight length was getting shorter and then the 
participants accumulated more sedentary bouts with more minutes in them compared to the spring. In autumn, 
the average daylight length was about 10.5 hours per day and a longer daylight length was associated with less 
SB. These findings are consistent with other studies which showed a significant association between the daylight 
length and SB (Arnardottir et al., 2017; Schepps et al., 2018; Wu et al., 2016).  

Concurrently, other factors may interfere with these associations, i.e. the circadian rhythm (Valenti, 
Bonomi, & Westerterp, 2016). While the ambient temperature and precipitation can be “managed” by staying at 
home, exercising indoors, or wearing appropriate clothing, we need to think of the unalterable character of the 
daylight length. It changes continuously across the year and we are not able to affect it. That is why the daylight 
length seems to be one of the most important meteorological determinants influencing PA and SB. Even when it 
was raining, the time spent on SB was lower in the autumn week of measurement. This association also suggests 
that there are daily diurnal patterns of older adults which are similar regardless of the weather outside. The 
daylight length should be taken into consideration when designing the measurement in the studies or intervention 
programmes. 

One strength of our study is the repeated-measurement design employed in the same group of 
participants across two seasons (spring and autumn) and taking account of the different meteorological 
conditions. Another benefit of our study is the device-based measurement of SB; however, the qualitative studies 
collect more detailed information about SB accumulation and specific sedentary domains. For example, the 
studies by Chastin et al. (2014) and Dontje et al. (2017) inform us that older adults have referred to watching 
television or listening to the radio as their main reasons for sitting. A mixed approach using questionnaires and 
device-based methods may be an optimal way to identify the specific types of SB, so that we could gain a better 
understanding of when and how older adults are sedentary. The majority of our participants collected at least six 
days’ worth of valid accelerometry data and so we were able to assess the whole week of SB patterns. On the 
other hand, measurement lasting only one week may be limited when estimating the seasonal volume and 
intensity of habitual physical behaviour of older adults. Finally, we were not able to differentiate indoor and 
outdoor activities on the basis of the methods that were used.  
 
Conclusions 

Overall, weather conditions and seasonality appear to be important factors related to active ageing. 
Older adults were less sedentary during the spring when the daylight is longer. However, SB patterns did not 
differ significantly between spring and autumn. Both, total sedentary time and SB patterns in relation to weather 
conditions should be considered when targeting older adults’ SB and PA interventions in different seasons. 
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