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Abstract
Objective This study investigated the physical workload of home care service workers and determined whether the differ-
ent intensities of physical work strain experienced by home care nurses have different impacts on their recovery from work.
Methods Physical workload and recovery were measured among 95 home care nurses based on heart rate (HR) and heart 
rate variability (HRV) recordings during one work shift and the following night. Differences in the physical work strain 
were compared between younger (≤ 44-year-old) and older (≥ 45-year-old) employees and between morning and evening 
shifts. To determine the effects of occupational physical activity on recovery, HRV at all time points (during the workday, 
when awake and asleep, and whole measurement) in relation to the amount of occupational physical activity was examined.
Results The average physiological strain during the work shift, measured as metabolic equivalent (MET), was 1.8 ± 0.5. 
Moreover, the occupational physical demands in relation to maximal capacity were higher for the older employees. The 
results of the study showed that a higher occupational physical workload reduced the HRV of home care workers during 
the workday, leisure time, and sleep.
Conclusions These data indicate that increased occupational physical workload is associated with reduced recovery among 
home care workers. Therefore, decreasing occupational strain and ensuring sufficient recovery is recommended.
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Introduction

In the last thirty years, the need for elderly services has 
increased at the same time as market rationalities have 
entered the care sector (Kröger 2019). Demands for cost-
effectiveness mean scarce resources and services provided 
by a smaller number of staff. At the same time, more frail 
and disabled elderly people continue to live at home. This 
has increased the workload as well as the physical and emo-
tional work strain of elderly care workers (Van Aerschot 
et al. 2022).

Home care workers report lifting care recipients in and 
out of bed as the most physically strenuous feature of their 
work. They also report transfers into and out of chairs, toilet 
assistance, general housework (vacuuming, etc.), dressing, 

and caring for customers who require different levels of 
assistance as the most strenuous aspects of their work. Com-
pared to nursing home workers, however, home care workers 
mostly report their work as less physically strenuous (Has-
son and Arnetz 2008). Torgén et al. (1995) reported that the 
average physiological strain in home care work, measured 
as relative oxygen consumption (VO2) and heart rate (HR), 
did not exceed the recommended values, but that the work 
involved long periods of standing and walking as well as 
frequent awkward postures for the low back and shoulders.

The Finnish population and their caregivers are rapidly 
aging. Declining physical capacity and increasing age result 
in an increase in relative occupational physical workload 
(Kenny et al. 2008). Pohjonen (2001) found a significant 
decrease in Finnish home care workers’ perceived work abil-
ity between the ages of 40 and 44, and a further decrease 
after the age of 55 years. According to Merkus et al. (2019), 
relative muscular strain is higher among older (≥ 45-year-
old) healthcare workers than among their younger counter-
parts, and cardiovascular load also tends to be higher. The 
occupational physical demands of older workers should be 
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reduced to account for the decline in their physical capacity 
and to promote the work ability and work participation of 
older individuals (Merkus et al. 2019). At the same time, it 
is important to support the physical activity of workers by 
providing exercise interventions that are tailored according 
to the demands and effects of the occupation and work tasks 
(Mänttäri et al. 2021).

Physical and mental occupational strain impose stress on 
the human body. When stress is high in relation to an indi-
vidual’s capacity, fatigue can occur, and recovery must be 
sufficient to restore work ability (Toomingas et al. 2012). 
Without adequate recovery, acute load effects can accu-
mulate and lead to chronic fatigue and potentially negative 
health effects (Blasche et al. 2017). The need for recovery 
depends on the characteristics of the work performed (i.e., 
how physically and mentally demanding the work is) as well 
as on the individual and their physical and mental capacity 
(Toomingas et al. 2012). Wentz et al. (2020) assessed the 
need for recovery of engineers, carpenters, nurses, and home 
care nurses based on work-related fatigue symptoms after a 
work shift. The need for recovery score was greatest among 
the home care nurses, and home care nurses also formed the 
highest relative proportion of employees in the “high need 
for recovery” cluster (30 vs. 13–19% in other occupations). 
The home care nurses’ strategies for coping with increasing 
workload were thinking of work during leisure time and low-
ering the quality of their work to meet their work demands 
(Wentz et al. 2020). In a study by Blasche et al. (2017), nurs-
ing home nurses’ fatigue increased and their vigor decreased 
during two consecutive 12-h shifts, and at least three rest 
days were needed for a full recovery.

Physiological recovery from mental or physical strain 
can be assessed by measuring heart rate variability (HRV), 
which is the fluctuation in the time intervals between heart-
beats. HRV is controlled by the sympathetic and parasympa-
thetic nervous systems, and vagal outflow from the parasym-
pathetic nervous system increases HRV (Martinmäki et al. 
2006; Task Force 1996). Thus, HRV has been used as an 
indicator of recovery. Conversely, self-reported work stress 
and strain have shown to be associated with reduced HRV 
(Clays et al. 2011; Collins et al. 2005; Uusitalo et al. 2011; 
Vrijkotte et al. 2000). Reduced HRV has been related to an 
increased risk of cardiovascular and all-cause mortality in 
individuals both with and without diagnosed cardiovascular 
disease (Tsuji et al. 1994, 1996).

Despite the known mental and physical strain imposed 
by home care work (Hasson & Arnetz 2008; Muramatsu 
et al. 2019; Torgén et al. 1995; Van Aerschot et al. 2022), 
few studies have measured physiological recovery from the 
occupational workload. Therefore, the aim of this study was 
to investigate the physical workload of home care nurses and 
to determine whether the intensity of physical work strain 
has an impact on overall recovery from work measured by 

HRV. It is hypothesized that: (1) the objectively measured 
work intensity of home care nurses today is moderate (3–6 
metabolic equivalents, Ainsworth et al. 2011), (2) the occu-
pational physical demands and relative physical strain of 
older employees are higher than those of younger employ-
ees, and (3) there is a negative association between physical 
workload and the physiological recovery process, as meas-
ured by HRV parameters.

Methods

Participants

Ninety-five home care nurses (87 females, 8 males) volun-
teered to participate in this study. The women-to-men ratio 
approximately corresponded to the gender distribution in the 
health and social services in Finland, which is 7:1 (Statistics 
Finland 2021). Measurements were taken in nine different 
home care service units in Finland. Specific work shifts 
were selected according to the study schedule and all the 
employees who volunteered from these shifts were meas-
ured. Employees with a cardiac pacemaker were excluded 
from measurement.

The participants gave their written consent after receiving 
detailed information on the objectives, protocol and possible 
discomforts and risks. The study was approved by the Ethics 
Committee of the Finnish Institute for Health and Welfare 
(THL/1447/6.02.01/2021).

Study design

HR and HRV of home care nurses were measured for one 
work shift and the following night. Seventy-five measure-
ments were taken during the morning shift (7 am to 2 pm), 
19 during the evening shift (2 pm to 9 pm), and one from an 
employee who worked an afternoon shift (11 am to 6 pm) 
(n = 95). The average duration of the measured work shifts 
was 6.8 ± 0.3 h. Two weeks later, all the employees received 
a Mitä kuuluu? questionnaire (well-being at work survey 
in Finnish) via email which enquired about their perceived 
work ability, health, and physical job demands. Sixty-six of 
the employees responded, giving a response rate of 69%.

Measurements

The HR and HRV measurements were taken using First-
beat Bodyguard 2 (Firstbeat Technologies Oy, Finland). The 
Firstbeat Bodyguard 2 device has been found to be valid and 
reliable for monitoring HRV during resting and active con-
ditions (Palmer et al. 2021; Parak and Korhonen 2013). In 
addition, the Firstbeat software has been shown to estimate 
physical activity intensity zones (Liu et al. 2022), and VO2 
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with sufficient accuracy for field testing (Smolander et al. 
2008, 2011).

The measurement device was attached to the participants’ 
chest with two single-use ECG electrodes (BlueSensor VL-
00-S, Ambu, Denmark) before the start of the work shift. 
One electrode was attached under the clavicle on the right 
side and another on the rib cage on the left side. The skin 
was shaved of excess body hair prior to the attachment of 
the electrodes. The participants wore the device throughout 
the work shift and the rest of the day until the next morning, 
and were instructed to take the device off upon waking. They 
were told to remove the device when showering, swimming, 
or going to sauna. Prior to the measurement, the participants 
filled out a background information questionnaire (age, sex, 
profession, work experience, height, weight, and physical 
activity rating on a scale of 0–10). After the measurement, 
the participants reported sleep duration (time they went to 
bed and time they woke up) and sleep quality on a five-item 
scale (good–fairly good–average–fairly bad–bad).

HRV was analyzed from the duration of the workday, time 
spent awake and asleep, and whole measurement using the 
root mean square of successive differences between normal 
heartbeats (RMSSD). RMSSD is a widely used time-domain 
variable of HRV measurements. It reflects beat-to-beat vari-
ation in R-R intervals (time between consecutive heartbeats) 
and represents vagally-mediated changes in HRV (Shaffer 
and Ginsberg 2017).

HR, metabolic equivalent (MET), VO2, and energy 
expenditure were used as variables to represent occupational 
physical demands. HR, MET, VO2, and energy expenditure 
were calculated as averages for the work shift using the First-
beat Lifestyle Assessment software (Firstbeat Technologies 
Oy, Finland) based on HR and HRV measurements (First-
beat Technologies Oy 2012a; b). The inclusion criteria for 
this study data were no more than 15% erroneous R-R inter-
vals in the recording. HR in relation to maximal heart rate 
(HRmax), HR in relation to HR reserve, and VO2 in relation 
to maximal oxygen consumption (% VO2max) were calcu-
lated on the basis of age-dependent HRmax (Eq. 1) (Jones 
1988, 45) and non-exercise-calculation based VO2max val-
ues (Eq. 2) (Jackson et al. 1990).

Relative occupational physical workload was calculated 
as the percentage of the workday spent at 0–30% (light), 
31–50% (moderate), and 51–100% VO2max (strenuous).

The Mitä kuuluu? questionnaire included questions about 
work ability, perceived health, and physical job demands. 

(1)HRmax = 210 − 0.65 × age

(2)

VO2max = 56.363 + 1.921 × activity rating − 0.381 × age
− 0.754 × BMI + 10.987 × gender(male = 1, female = 0)

Work ability was measured using three items: the first ques-
tion of the Work Ability Index (work ability compared to 
lifetime best on a scale of 0–10), and perceived work ability 
in relation to the physical and mental demands of the work 
(very good–good–average–fairly bad–bad) (Ahlstrom et al. 
2010; Tuomi et al. 1994; van den Berg et al. 2009). Per-
ceived health was evaluated on a five-item scale (good–fairly 
good–average–fairly poor–poor) (Ferrie et al. 2011; Mii-
lunpalo et al. 1997). Last, the respondents were asked to 
evaluate the amount of heavy physical labor using single-
item measurement (not at all or very rarely–rarely–aver-
age–often–very often) (Sabbath et al. 2012).

Data analysis

The data were divided into two groups based on age 
(≤ 44 years and ≥ 45 years) and work shift (morning or even-
ing). Age was categorized into ≤ 44 and ≥ 45 years, based 
on the definition of an “aging” or “older” worker (WHO 
1993) and previous research on aging employees (Burr et al. 
2017; Schibye et al. 2001; Soer et al. 2012). The data were 
also divided into three equally sized occupational physical 
activity groups (lowest, middle, and highest group) based 
on the amount of moderate to strenuous (31–100% VO2max) 
relative occupational physical workload. For this analysis, 
the amounts of relative occupational physical workload at 
31–50 and 51–100% VO2max were combined because there 
was very little strenuous activity at 51–100% VO2max dur-
ing the workdays.

Statistical analyses were carried out using SPSS Sta-
tistics 27 (IBM, USA) or R 4.4.2 (R Core Team 2022). 
Differences between the age groups and morning and 
evening shifts were compared using the Mann–Whitney 
U test. Differences in HRV (during the workday, when 
awake and asleep, and whole measurement RMSSD) and 
sleep duration between the occupational physical activity 
groups (lowest, middle, and highest amount of occupa-
tional physical activity) were tested using one-way analy-
sis of variance (ANOVA) and post hoc analysis with a 
Bonferroni adjustment. In the ANOVA, the normal dis-
tribution of the occupational physical activity groups was 
tested using the Kolmogorov–Smirnov test. RMSSD dur-
ing sleep did not follow a normal distribution and there-
fore, log transformation for the variable was performed. 
Correlations between HRV (during the workday, when 
awake and asleep, and whole measurement RMSSD) and 
amount of occupational physical activity (% of workday 
spent at 0–30 and 31–100% VO2max) were analyzed using 
the Pearson correlation coefficient. The level of statisti-
cal significance was set at p < 0.05. Results are presented 
as mean ± standard deviation (SD) and 95% confidence 
intervals (CI) for the mean between groups.
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Results

Participant health status and work‑related physical 
capacity

Table 1 describes the study participants. The younger 
employees (≤ 44) had less work experience and were in 
better physical condition than the older employees (≥ 45). 
The younger employees rated themselves as more active 
and healthier, although no statistically significant differ-
ences between the groups were found. The majority (53%) 
of all the home care nurses stated that their job included 
heavy physical labor often or very often, but there was no 
difference between the age groups’ self-rated amount of 
heavy physical labor.

The average work ability rating of all the home care 
nurses was “good” and the work ability rating of the age 
groups did not differ. Work ability in relation to mental 
demands at work was rated as “fairly good” by both the 
younger and the older employees. Work ability in relation 
to physical work demands was also rated as “fairly good”, 
but the younger employees rated their physical work abil-
ity as significantly better than their older counterparts 
(1.9 ± 0.8 vs. 2.4 ± 0.9, respectively, p = 0.024, 95% CI 
− 1.0, 0.0).

Occupational physical demands

Table 2 presents the occupational and physical demands of 
Finnish home care nurses. The overall average activity in 

METs (the ratio of work metabolic rate to a standard rest-
ing metabolic rate) was 1.8 ± 0.5 METs. Energy expendi-
ture, VO2, and the average and maximal MET values were 
higher among the younger employees, but when compared 
to VO2max, the relative occupational physical workload was 
higher among the older employees. The older employees 
also spent a greater percentage of time at 51–100% of their 
VO2max than the younger employees. There were no differ-
ences between the age groups’ average HR, HR in relation 
to HRmax, or HR in relation to HR reserve.

Comparison of morning and evening shifts showed that 
the evening shift was more physically demanding. Average 
MET value was 1.7 ± 0.5 for the morning and 2.0 ± 0.6 for 
the evening shift (p = 0.052, 95% CI − 0.5, 0.0). Average 
VO2 was 6.1 ± 1.7 and 7.1 ± 2.1 ml/kg/min (p = 0.040, 95% 
CI − 1.8, 0.0) and energy expenditure 875.0 ± 248.2 and 
1051.7 ± 224.8 kcal (p = 0.006, 95% CI − 293.0, 53.0) for 
the morning and evening shifts, respectively. However, there 
was no difference between HR or HRV during the morn-
ing and evening shifts (88.4 ± 11.6 vs. 91.8 ± 12.4 bpm, and 
20.5 ± 9.7 vs. 18.1 ± 8.0 ms, respectively).

Heart rate variability

Table 3 presents HRV (RMSSD) during the workday, when 
awake and asleep, and whole measurement. HRV was great-
est during sleep and lowest during the workday. It was sig-
nificantly lower among the older employees at all the meas-
ured time points.

Table 1  Participants’ characteristics and subjective assessment of work ability, physical activity, health status and physical job demands by all 
and by younger (≤ 44 years) and older (≥ 45 years) Finnish home care nurses

Significant differences are in bold
a p value of statistical significance between ≤ 44- and ≥ 45-year-old employees
b 95% confidence interval for the mean difference between age groups
c n = 66 (total), n = 34 (≤ 44-year-olds), and n = 32 (≥ 45-year-olds)
d Body mass index
e Calculated maximal oxygen consumption
f Perceived health status on a scale of 1–5 (1 = good, 5 = bad)
g Amount of heavy physical labor on a scale of 1–5 (1 = not at all or very rarely, 5 = very often)

Total (n = 95)  ≤ 44 years old (n = 50)  ≥ 45 years old (n = 45) p  valuea 95%  CIb

Mean (SD) Mean (SD) Mean (SD)

Age (years) 43.7 (12.0) 34.1 (7.4) 54.2 (5.3)
Work experience (years) 10.8 (8.5) 8.8 (6.1) 13.3 (10.2) 0.038 − 6.0, 0.0
Self-rated work ability (0–10)c 7.6 (1.6) 7.8 (1.4) 7.4 (1.7) 0.277 0.0, 1.0
BMId (kg/m2) 26.8 (5.0) 27.3 (5.7) 26.3 (4.0) 0.879 − 1.7, 2.2
Physical activity rating (0–10) 4.5 (2.0) 4.9 (2.0) 4.1 (2.0) 0.067 0.0, 2.0
VO2maxe (ml/kg/min) 29.1 (8.6) 33.3 (8.3) 24.5 (6.3) 0.000 6.0, 12.1
Self-rated  healthc,f 2.2 (0.8) 2.0 (0.7) 2.4 (0.9) 0.066 − 1.0, 0.0
Physical job  demandsc,g 3.5 (1.1) 3.4 (1.1) 3.5 (1.0) 0.854 − 1.0, 0.0
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Associations between occupational physical 
workload and recovery

Workday HRV correlated with the amount of light and 
moderate to strenuous occupational physical activity (i.e., 
percentage of the workday spent at 0–30 and 31–100% 
VO2max) (r = 0.62, p = 0.000; r = −  0.62, p = 0.000, 
respectively). Similarly, HRV when awake and asleep, 
and whole measurement also correlated with the amount 
of light (r = 0.53, p = 0.000; r = 0.28, p = 0.008; r = 0.41, 
p = 0.000, respectively), and moderate to strenuous 

occupational physical activity (r = −  0.53, p = 0.000; 
r = − 0.28, p = 0.007; r = − 0.41, p = 0.000, respectively).

The amount of moderate to strenuous (31–100% 
VO2max) occupational physical activity was related to 
HRV during the workday, when awake, and whole meas-
urement (Table 4). HRV during the workday and when 
awake differed in all three activity groups (lowest, middle, 
and highest amount of occupational physical activity). The 
whole measurement HRV of only the lowest and highest 
activity groups differed statistically significantly. Sleep 
duration or HRV while asleep of the three activity groups 
did not differ statistically significantly.

Table 2  Measured physiological parameters during work shift of all and of younger (≤ 44 years) and older (≥ 45 years) Finnish home care nurses

Significant differences are in bold
a p value of statistical significance between ≤ 44- and ≥ 45-year-old employees
b 95% confidence interval for the mean difference between age groups
c Percentage of maximal heart rate
d Metabolic equivalent
e Oxygen consumption
f Percentage of maximal oxygen consumption

Total (n = 95)  ≤ 44 years old (n = 50)  ≥ 45 years old (n = 45) p  valuea 95%  CIb

Mean (SD) Mean (SD) Mean (SD)

Hear rate (HR) (bpm) 89.1 (11.7) 90.9 (11.8) 87.0 (11.4) 0.248 − 2.0, 8.0
%  HRmaxc 49.2 (6.3) 48.5 (6.1) 49.9 (6.4) 0.152 − 5.0, 1.0
% HR reserve 27.3 (7.2) 27.2 (7.3) 27.5 (7.1) 0.911 − 3.0, 3.0
METd 1.8 (0.5) 1.9 (0.6) 1.6 (0.4) 0.021 0.0, 0.4
METd, highest value 5.4 (1.6) 5.9 (1.8) 4.8 (1.0) 0.004 0.3, 1.5
METd, highest 15 min 3.0 (0.9) 3.2 (1.0) 2.7 (0.8) 0.027 0.0, 0.8
METd, highest 60 min 2.3 (0.7) 2.5 (0.7) 2.1 (0.6) 0.008 0.1, 0.6
Energy expenditure (kcal) 915.1 (255.0) 998.0 (263.5) 823.0 (212.5) 0.001 41.0, 257.0
VO2

e (ml/kg/min) 6.3 (1.8) 6.8 (2.0) 5.7 (1.4) 0.012 0.1, 1.6
% VO2maxf 20.6 (4.4) 19.5 (4.3) 21.7 (4.2) 0.038 − 4.0, 0.0
0–30% VO2maxf (% of work shift length) 86.8 (9.9) 88.5 (9.2) 84.9 (10.4) 0.078 0.0, 6.0
31–50% VO2maxf (% of work shift length) 11.5 (8.6) 10.5 (8.2) 12.7 (8.9) 0.210 − 5.0, 1.0
51–100% VO2maxf (% of work shift length) 1.4 (2.4) 0.8 (1.9) 2.0 (2.8) 0.019 − 1.0, 0.0

Table 3  Heart rate variability of all and of younger (≤ 44 years) and older (≥ 45 years) Finnish home care nurses

Significant differences are in bold
a Root mean square of successive R-R differences
b p value of statistical significance between ≤ 44- and ≥ 45-year-old employees
c 95% confidence interval for the mean difference between age groups

Heart rate variability  (RMSSDa) Total (n = 95)  ≤ 44 years old (n = 50)  ≥ 45 years old (n = 45) p  valueb 95%  CIc

Mean (SD) Mean (SD) Mean (SD)

Workday (ms) 20.0 (9.3) 23.0 (10.0) 16.6 (7.2) 0.001 3.0, 10.0
Awake (ms) 22.3 (9.7) 25.1 (10.3) 19.2 (7.9) 0.001 3.0, 10.0
Asleep (ms) 37.0 (17.7) 42.0 (19.1) 31.7 (14.6) 0.002 4.0, 17.0
Whole measurement (ms) 27.8 (11.3) 30.7 (11.2) 24.6 (10.7) 0.001 3.0, 11.0
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Discussion

The results of this cross-sectional study indicate that the 
average estimated proportion of maximal aerobic capacity 
used during the workday of Finnish home care nurses is 
reasonably low. There was, however, an age-related differ-
ence in the balance between physical workload and capac-
ity. A relationship was found between the level of physical 
workload and HRV, indicating reduced recovery from work 
among those working at a higher physical intensity.

Contrary to our hypothesis, the type of work in the pre-
sent study sample was of reasonably low intensity, and thus, 
classified as light on the basis of the average MET value 
of 1.8 (Ainsworth et al. 2011). The average estimated VO2 
did not exceed the recommended threshold limit of 33% 
VO2max (Bonjer 1971). This result is in accordance with a 
study by Torgén et al. (1995), which asserts that the aver-
age physiological strain of Swedish aides (aged 45–65) in 
elderly home-care services, measured as relative VO2 and 
HR during the workday did not exceed present recommenda-
tions. Interestingly, measured workload was in conflict with 
perceived strain, as 53% of employees stated that their job 
often involved heavy physical labor.

Increased workload and time pressure due to the increas-
ing amount of elderly people in need of home care, financial 
constraints, and less staff has led to higher stress levels, and 
consequently, greater mental workload (Brulin et al. 2000; 
Denton et al. 2002; Laamanen et al. 1999). Mental workload 
also has an impact on the physical strain and has been shown 

to reduce muscular strength and endurance and impair HR 
recovery after exercise (Mehta and Agnew 2012). This indi-
cates that home care workers’ increased need for recovery is 
not entirely due to high physical workload; it is also caused 
by increased time pressure and mental strain. Mental work-
load may also explain the discrepancy between the measured 
and perceived physical workload in the present study.

As hypothesized, the balance of physical workload and 
functional work capacity differed according to age. A decline 
in physical capacity is a natural mechanism of aging. If the 
level of occupational physical requirements remains the 
same, this leads to an age-related imbalance between physi-
cal capacity and demands. In this situation, older employees 
work at closer to their maximal capacity and their relative 
physical workload is higher than that of their younger coun-
terparts (Kenny et al. 2008). According to the results of the 
present study, the absolute work intensity of the older home 
care nurses was lower than that of their younger colleagues, 
yet their physical workload in relation to maximal capac-
ity was higher. The perceived amount of heavy labor was, 
however, similar among the older and younger employees. 
Unlike age, changes in physical functional capacity are not 
rectilinear. Changes start at different times and proceed 
in a different manner among different individuals (Kenny 
et al. 2008; Sehl and Yates 2001). Several studies of physi-
cally demanding occupations have shown that the aerobic 
capacity of workers declines with age, beginning at the lat-
est after the age of 30 (Ilmarinen et al. 1991; Shvartz and 
Reibold 1990). Changes in musculoskeletal capacity are 
pronounced after the age of 45–50 (Era et al. 1992; Nygård 

Table 4  Heart rate variability measured as RMSSD during the work-
day, while awake, whole measurement, and while asleep, divided into 
three groups (lowest, middle, and highest amount of occupational 

physical activity) on basis of amount of moderate to strenuous (31–
100% VO2max) relative occupational physical workload

Significant differences are in bold
*Statistically different to “lowest” (Bonferroni post hoc adjustment), **p < 0.01, ***p < 0.001
$ Statistically different to “middle” (Bonferroni post hoc adjustment), p < 0.05
a 95% confidence interval for the mean difference between “lowest” and “middle” groups
b 95% confidence interval for the mean difference between “middle” and “highest” groups
c 95% confidence interval for the mean difference between “lowest” and “highest” groups
d Percentage of maximal oxygen consumption
e Root mean square of successive R-R differences (heart rate variability)

Amount of moderate to strenuous relative occupational 
physical workload

95%  CIa 95%  CIb 95%  CIc

Lowest (n = 32) Middle (n = 33) Highest (n = 30)

Mean (SD) Mean (SD) Mean (SD)

% of work shift length at 31–100% VO2maxd 4.0 (1.9) 11.2 (2.7) 24.3 (8.9)
RMSSDe, workday (ms) 28.0 (8.0) 18.3 (7.4)*** 13.2 (5.6)***,$ 5.5, 14.1 0.7, 9.4 10.4, 19.2
RMSSDe, awake (ms) 28.3 (8.9) 21.8 (9.0)** 16.5 (7.4)***,$ 1.3, 11.6 0.1, 10.5 6.5, 17.0
RMSSDe, whole measurement (ms) 32.3 (10.9) 27.7 (12.1) 23.1 (8.9)** − 1.9, 11.1 − 2.1, 11.2 2.5, 15.8
RMSSDe, asleep (ms) 41.6 (18.6) 35.7 (18.2) 33.5 (15.6) − 4.9, 16.7 − 8.9, 13.3 − 3.1, 19.3
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et al. 1999). The World Health Organization has set the start 
of physical capacity decline at 45 years of age (WHO 1993). 
Typically, studies evaluating the effect of aging on physical 
work capacity refer to health issues, work-related illness, 
and injuries. The isolated influence of age-related reduction 
on functional work capacity has seldom been addressed, let 
alone that of employees in home care services. Despite lower 
work intensity, the higher physical workload in relation to 
the maximal capacity of older home care nurses is in line 
with previous studies and supports the recommendations to 
reduce physical demands as workers age (e.g., Burr et al. 
2017; Pohjonen 2001). According to Mänttäri et al. (2019), 
overweight and obesity, together with inactivity, notably 
increases workload throughout the career. Therefore, the 
results of the present study stress the importance of a pre-
ventive approach to physical work capacity among home 
care workers.

Despite the differences in relative occupational physical 
workload, there were no statistically significant differences 
between the perceived overall work ability of the younger 
and older employees. In terms of physical work demands, 
however, the older home care nurses assessed their work-
ability as weaker than their younger colleagues. On the other 
hand, both the younger and older home care nurses rated 
their work ability in relation to mental work demands simi-
larly. Pohjonen (2001) also found an age-related decline in 
the perceived physical work ability of Finnish home care 
workers, but no differences between the psychological 
resources or mental work ability of the different age groups. 
Sustained mental work ability was assumed to be associated 
with extensive work experience and a wider perspective of 
problems that come with age (Pohjonen 2001).

HRV reflects the balance between the sympathetic and 
parasympathetic branches of the autonomic nervous system 
and is therefore, an indicator of psychophysiological stress 
and recovery (Kim et al. 2018). The results of the present 
study confirmed our hypothesis, as they showed that home 
care workers’ increased physical workload is associated with 
reduced HRV during the workday, leisure time and sleep. 
Consequently, the data indicate that increased physical work 
strain affects recovery during leisure time and sleep. This 
finding emphasizes the importance of shift planning (e.g., 
personalized work schedules) in reducing occupational strain 
and ensuring sufficient recovery between work shifts, espe-
cially knowing the relationship between reduced HRV and 
mortality (Tsuji et al. 1994, 1996). The results of this study 
concur with those of previous studies of blue-collar work-
ers, in which an increased amount of occupational physical 
activity and elevated HR during workdays were associated 
with elevated resting HR and reduced nocturnal HRV, indi-
cating impaired cardiac regulation (Hallman et al. 2017; 
Korshøj et al. 2021). Curiously, compared to previous stud-
ies of blue-collar workers with high levels of occupational 

physical activity, there was also an association between 
occupational physical activity and reduced HRV among 
home care workers with reasonably low-intensity physical 
strain on average. Therefore, in addition to high levels of 
occupational physical activity, the psychosocial nature of 
work (e.g., high mental demands in home care work) might 
also contribute to impaired autonomic cardiac modulation.

Only a few studies have examined HRV in mentally 
demanding home care work. HRV was lower during the 
work period than during total time spent awake or asleep, 
meaning increased sympathetic activation during working 
hours and conversely, increased parasympathetic activation 
during leisure time. This balance is important for recovery 
from occupational strain. The HRV of the older employees 
was lower during all the measured time periods. HRV is 
known to decline with age (Shaffer and Ginsberg 2017), but 
physical activity, physical fitness and body composition have 
also been shown to affect HRV (Teisala et al. 2014). This 
emphasizes the importance of physical fitness in decreas-
ing relative occupational physical workload and promoting 
work ability, as well as increasing the capacity to recover 
from occupational strain.

This study has many strengths, such as its reasonably 
accurate measure of physical workload and HRV-based indi-
cators of stress and recovery during workdays from using 
the ambulatory R-R interval-based method. The HRV-based 
method has previously been found to be valid and reliable 
for evaluating work-related stress and recovery (Teisala et al. 
2014; van Amelsvoort et al. 2000). The use of objective 
measurement effectively eliminates biases in self-estimates. 
In addition, this study was conducted in an authentic work 
environment with a reasonably large sample size, providing 
more reliable results in a real-life situation. Nonetheless, 
the study also has some limitations. A longer measurement 
period would have increased the amount of data collected, 
but this was not feasible due to the irregular work schedules 
of the employees. In addition, to increase the proportion of 
measured leisure time, one day off could have been included 
in the measurement. HRmax and VO2max values were cal-
culated on the basis of age, size, and self-rated physical 
activity, meaning that the relative occupational workload 
was only an estimate.

As indicated in previous studies (e.g., Torgén et al. 1995), 
physical strain in home care work is reasonably low in inten-
sity. However, as the occupational physical workload is not 
the same for all employees, it is important to pay attention 
to certain risk groups. Among these risk groups are older 
employees, for whom relative physical strain is higher due 
to their decline in physical capacity, not to mention possible 
health problems and diseases. Home care work is typically 
done in shifts and these results indicate that the evening shift 
is more physically demanding, possibly due to less staff-
ing. The higher physical strain of the evening shift needs 
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to be accounted for in shift planning and the significance 
of recovery needs to be highlighted. Despite the differ-
ence between occupational physical strain among older and 
younger employees, no differences between their self-rated 
work ability, perceived health, or physical job demands were 
found. In the future, more studies with larger study samples 
are needed on the relationship between the objective and 
subjective evaluation of occupational strain.

The results of the present study confirm the need for 
action to prevent an early decline in work ability and, there-
fore, have various profound implications for employees, 
employers, and policymakers. Although the well-being of 
elderly care service personnel has long been under develop-
ment, the field continues to impose a considerable burden 
on workers, especially because of the prevailing personnel 
shortage. The factors that affect physical load and recov-
ery (age, time period of shift, intensity of work, person-
nel resource) should be considered when planning work 
shifts and dividing work tasks within work schedules. For 
example, working in pairs distributes the workload and, fur-
ther, promotes recovery during leisure time. In addition to 
ergonomic shift planning, motivating personnel to promote 
their own health and maintain physical capacity is impor-
tant, especially for older employees. Motivation and skills 
to maintain physical work ability throughout the elderly care 
service career should also be covered in education programs.

Conclusions

The main conclusions of this study are that home care work 
can be classified as light-intensity work, but that the physi-
cal workload in relation to maximal capacity is higher for 
older Finnish home care nurses than for younger employees. 
This difference is mainly attributed to the age-related decline 
in physical capacity, as the absolute occupational physical 
workload was actually lower for older employees and the 
perceived amount of heavy labor did not differ among older 
and younger employees. Occupational physical strain was 
observed to be higher during the evening shift than dur-
ing the morning shift. Higher relative occupational physical 
workload was associated with reduced HRV, indicating that 
physical workload and employee’s physical capacity affect 
recovery. Means to enhance recovery include ergonomic 
shift planning, supportive measures to maintain physical 
capacity, and motivation in health promotion.
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