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Objectives   This study examined the health-related effects of two worksite interventions, physical exercise and 
reduced workhours, on women employed in dentistry. 
Methods   Six workplaces were randomized to one of the following three conditions: (i) 2.5 hours of weekly, 
mandatory physical exercise of middle-to-high intensity to be performed during workhours (N=62), (ii) a re-
duction of full-time weekly workhours from 40 to 37.5 hours (N=50), and (iii) reference. In all, 177 women 
participated. Biomarkers and self-ratings in questionnaires were obtained before the intervention (T1), and six 
(T2) and 12 months (T3) after the intervention. 
Results   The results showed increased levels of physical activity and exercise in all of the groups, the level 
of physical exercise being significantly greater in the physical exercise group. Repeated-measures analyses of 
variance using data from T1 and T3 for biological measures and all three time points for self-ratings produced sig-
nificant interaction effects for glucose, waist-to-hip ratio, and work ability and clear trends for general symptoms 
and upper-extremity disorders. Posthoc analyses showed that the results of the health-related measures differed 
between the interventions, decreased glucose and upper-extremity disorders in the exercise group, and increased 
high-density lipoprotein and waist-to-hip ratio among those working reduced hours. 
Conclusions   These results show that the two interventions had small and varied effects on biomarkers and 
self-reports of different aspects of health among women. It is suggested that interventions involving a modest 
reduction in workhours seem to be more effective if these hours are used for physical exercise.
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Research has shown that worksite health interventions 
involving physical activity effectively increase levels 
of physical activity (1), physical fitness, and perceived 
health status and prevent an early decline of work ability 
(2). Moreover, such interventions have been found to re-
duce headache and neck pain (3) and the risk of develop-
ing musculoskeletal disorders (4) and to increase levels 
of subjective physical well-being (5). However, reviews 
and meta-analyses present inconclusive findings (6). 
For instance, effect sizes for worksite physical-activity 
interventions have been small (mean r=0.11), although 
these results have been explained with reference to the 
poor quality of the research in the field (6, 7). 

Over the last decade, several worksite health-promo-
tion initiatives involving reduced workhours have been 
carried out within the public service and health care 

sectors in the Nordic countries (8–13). These initiatives 
include reducing the number of workhours per day or 
per week (eg, from 40 to 30 hours of weekly workhours 
for all employees within an organization). So far, re-
ducing workhours from 8 hours/day to 6 hours/day has 
been related to positive social effects and decreased 
work–family conflict, particularly for employees with 
children (8, 11). With regard to health effects, the 6-
hour workday has been found to be associated with a 
considerable reduction of pain in the neck–shoulder area 
in employees within the public care sector (10). This 
finding was confirmed in a recent study investigating 
health effects of 6-hour workdays. In addition, this study 
showed decreased stress levels among the participants 
(13). However, evaluations of different types of reduced 
workhours have only produced minor effects on other 
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health-related factors, such as fatigue, disturbed sleep, 
and physiological factors (9, 11, 13). 

The understanding of how reduced workhours can 
promote health is still poor. In addition to reducing the 
quantitative load from paid work, at least three other 
ways in which reduced workhours may promote health 
have been suggested (9, 11, 12). Reduced workhours 
may reduce interference between different life domains, 
increase time for recovery from work stress, and in-
crease the time spent on health-promoting leisure-time 
activities, such as physical activity. Even though these 
health-promoting effects have been suggested, few stud-
ies have included an assessment of the balance between 
different life domains, recovery from work stress, and 
physical activity.

Both research on physical activity interventions at 
work and evaluations of reduced workhours have been 
criticized for a lack of methodological rigor, such as 
neglecting to include reference groups (9, 12, 14). In ad-
dition, studies of worksite physical-activity interventions 
often suffer from low participation rates and are biased 
due to self-selection (15, 16), while reduced workhours 
seldom include systematic longitudinal measurements at 
several points in time (9, 12). Moreover, many existing 
studies often lack adequate measures reflecting different 
aspects of health (9, 12, 14), such as self-ratings and 
biomarkers. Worksite interventions have also been criti-
cized for targeting a selected group of already healthy, 
highly educated white-collar workers, predominantly 
men, within large organizations in Western countries 
(7, 14, 17).

Our present study was meant to investigate the 
health-related effects of physical exercise and reduced 
workhours among women employed in dentistry within 
the public health care sector. Dentistry involves high 
stress, characterized by physical and psychological 
demands, and also involves such factors as output of 
muscular strength and time pressure that are known to 
have negative effects on work ability (18, 19). In ad-
dition, musculoskeletal disorders, particularly in the 
upper extremities, are common (20). This combination 
of a stressful work situation and a high prevalence of 
musculoskeletal disorders calls for the identification 
of effective interventions targeting this risk group. 
Drawing on previous research (1, 2, 4, 8, 10, 11, 13), 
we hypothesized that taking part in a mandatory, work-
based physical-exercise intervention, involving physi-
cal activity of medium-to-high intensity, or working 
fewer hours per week would improve health. These 
health improvements were expected to be reflected in 
biomarkers and self-ratings of health, symptoms, and 
work ability in a comparison with a reference group. 
Second, we hypothesized that the levels of physical 
activity would increase in the physical-exercise group, 
while participants in the reduced workhours group, apart 

from showing an increase in physical activity, would 
experience reduced work–home interference and a better 
recovery from work stress.

Study population and methods

Design

Female employees from six workplaces in a large public 
dental health care organization in Stockholm, Sweden, 
participated in the study. To ensure comparability, all 
workplaces in the organization were ranked accord-
ing to their registered sickness absence levels, and 
three workplaces with a high level of sickness absence 
and three with low levels, each employing at least 25 
persons, were selected. Workplaces with a high and a 
low sickness absence were matched according to the 
number of employees. This matching resulted in three 
pairs that were randomly allocated to one of the follow-
ing three groups: (i) physical-exercise group (PE), (ii) 
reduced-workhours group (RWH), and (iii) reference 
group (R). At the two workplaces acting as reference, 
no intervention was carried out; at the two workplaces 
engaging in physical exercise, 2.5 hours of weekly work-
hours were allocated to mandatory physical exercise on 
two different days; at the two workplaces implement-
ing reduced workhours, full-time weekly hours were 
reduced from 40 hours/week to 37.5 hours/week. For 
the employees working part-time, the time allocated to 
physical exercise and the reduction of workhours was 
set to 2 hours for those working 30–39 hours/week (39% 
of the employees), to 1.5 hours for those who worked 
21–29 hours/week (14%), and to 1 hour for those who 
worked less than 20 hours (2%). All of the employees 
in the intervention groups retained their salaries. No ad-
ditional personnel were employed, and all of the work-
places were expected to deliver full services throughout 
the study period.

The mandatory physical activity was to involve 
exercise of medium-to-high intensity, corresponding to 
55% to 89% of the person’s maximum heart rate. For the 
participants, this was operationalized as vigorous activ-
ity of such intensity that it would be difficult keeping up 
a conversation while exercising and would make them 
sweat so that they would have to shower. The employees 
were free to choose any type of physical exercise as long 
as the intensity criterion was met. All of the employees 
recorded, in writing, the type of activity and the dura-
tion of each exercise session; these written reports were 
checked weekly by a specifically assigned employee.

The physical-exercise group included 62 women, 
the reduced-workhours group had 50 women, and 
65 employees served as referents. In all three groups, 



	 Scand J Work Environ Health 2008, vol 34, no 3	 181

von Thiele Schwarz et al

biomarkers and self-ratings in questionnaires were ob-
tained before the intervention (T1), and 6 months (T2) 
and 12 months (T3) after the intervention to allow for 
analyses of the changes between the different points 
in time (21). The time lag between measurements was 
based on experiences from previous studies (8, 10). 
However, because there are well-known seasonal varia-
tions in biomarkers and blood pressure (22–25), only 
data from T1 and T3 (collected during the same season) 
have been considered in the analyses of these measures. 
The study was approved by the Central Ethical Review 
Board and in accordance with ethical guidelines. All of 
the participants for whom biomarker values deviated 
from the expected range and needed medical consider-
ation were immediately informed. When the project was 
completed, all of the participants were informed about 
the overall results of the study.

Study population

In all, 197 women employed at the six workplaces were 
invited to take part in the study. Of the women invited, 
195 volunteered to participate. The dropout was 9.2% 
(3.6% after the first phase and 5.6% after the second 
phase). The dropouts were due to a change in jobs 
(4.6%), parental leave (2.6%), long-term sick leave 
or disability pension (1.2%), while 0.8% declined to 
participate in the follow-ups. Of the 177 women who 
participated in all three phases, blood samples were 
missing for six women, disallowing the analysis of bio-
markers. In addition, extreme values from three diabetics 
and six pregnant women were excluded. Altogether, the 
statistical analyses of biomarkers included data from 
162 women. 

The mean age for the whole sample was 46.6 years 
[46.7 (SD 10.5) for the physical-exercise group, 46.6 
(SD 10.6) for the reduced workhours group, and 46.6 
(SD 11.2) for the reference group]. Most (70.1%) of the 
women were married or living with a partner (66.1% 
of the physical-exercise group, 80.0% of the reduced-
workhours group, 66.2% of the reference group), and 
most (57.5%) had children living at home (55.9% of the 
physical-exercise group, 62.0% of the reduced-work-
hours group, 55.4% of the reference group). With respect 
to education, 44.8% of the women had completed up-
per secondary school (44.1% of the physical-exercise 
group, 42.0% of the reduced-workhours group, 47.7% 
of the reference group), while 40.8% had a university 
degree (39.0% of the physical-exercise group, 42.0% of 
the reduced-workhours group, 41.5% of the reference 
group). The mean worktime was 34.2 hours/week [33.7 
(SD 7.1) for the physical-exercise group, 34.5 (SD 6.2) 
for the reduced-workhours group, 34.4 (SD 7.0) for the 
reference group]. The mean tenure was 16.3 years for the 
entire group [16.9 (SD 11.1) for the physical-exercise 

group, 16.2 (SD 10.9) for the reduced-workhours group, 
15.9 (SD 11.6) for the reference group].

Procedure

Prior to each of the three phases, the participants were 
given detailed oral and written information about the 
project, ethical issues, and the procedures for the mea-
surements (questionnaire and a health checkup). The 
questionnaire was completed at home and returned to the 
licensed nurse, who performed the health checkups. The 
checkups took place during the morning (0730 to 1000) 
in a secluded room at the workplace. All of the partici-
pants were instructed to refrain from eating for 12 hours 
prior to the checkup. In addition, they were asked to rise 
at least 2 hours before the checkup and, in the meantime, 
refrain from consuming coffee and nicotine and to avoid 
intense mental or physical activity. 

All of the health checkups followed a standardized 
protocol and involved the sampling of blood and mea-
surements of the waist-to-hip ratio, blood pressure, and 
heart rate. Blood samples were drawn to determine blood 
lipids, including total cholesterol, triglycerides, high-
density lipoproteins (HDL) and low-density lipoproteins 
(LDL), the LDL-to-HDL ratio, dehydroepiandesterone 
sulphate (DHEAS), glucose, glycosylated hemoglobin 
(HbA1C), and prolactin. In all, 25 milliliters of venous 
blood was sampled and left to coagulate for a minimum 
of 30 minutes and a maximum of 120 minutes before 
being centrifuged at room temperature (15 minutes, 
1000 × g) and transported to a commercial laboratory for 
chemical analysis. Waist circumference was measured 
at the narrowest point between the rib and iliac crest, 
and hip circumference was determined at the maximal 
buttocks; these measures were used to calculate the 
waist-to-hip ratio. A semiautomatic device (Boso, Bosch 
+, Sohn, Germany) was used to measure systolic blood 
pressure, diastolic blood pressure, and heart rate. The 
measurements were performed after an initial 5-minute 
resting period, and repeated three times with 5-minute 
periods of rest between the measurements. The mean 
value of the last two recordings was computed and used 
in the statistical analyses.

Questionnaire

In addition to demographic factors (gender, age, marital 
status, children, education, and current occupation), the 
questionnaire also included measures of physical activ-
ity and health-related factors. 

Physical activity. The level of physical activity was as-
sessed by the following two items, which were based on 
general recommendations (26): overall physical activity 
(exemplified in the questionnaire as walking, biking, 
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household chores, gardening, playing with children) and 
physical exercise (exemplified as aerobics, running, and 
swimming). The respondents were asked to rate how 
much time they spent on the average during a normal 
week on physical activity and physical exercise. The 
ratings were marked on a 4-point scale ranging from 
“less than 1 hour a week” or “no activity at all” (1) to 
“5–6 hours a week” or “more than 1 hour a day” (4). 

Recovery. Recovery from work stress (27, 28) included 
both fatigue (4 items) and recovery (4 items). All of 
the items were rated on a 5-point scale ranging from 
“never” (1) to “very often” (5). To compute the scores 
for fatigue and recovery, sum scores were calculated 
and then divided by the number of items, allowing a 
range from 1 to 5 for each of the measures. High scores 
indicated high fatigue and poor recovery. The internal 
consistency (Cronbach’s alpha) was 0.71 for fatigue and 
0.82 for recovery.

Interference between work and home. The work–home 
interference, that is, whether worklife interferes with 
home life, was assessed by two items (29). Both items 
were rated on a 7-point scale ranging from “very seldom” 
(1) to “very often” (7), and the ratings were summed for 
work–home interference. The sum scores were then 
divided by the number of items, allowing a range from 
1 to 7, the high scores indicating high interference. The 
internal consistency for this measure was 0.71.

Self-rated health. Self-rated health was assessed using a 
single-item question that asked the respondents to rate 
their current health status as compared with that of other 
persons of the same age. The ratings were marked on 
a 5-point scale, ranging from “very good” (1) to “very 
poor” (5) (30).

Work ability. Work ability was measured using a single 
item (31, 32). The respondents were asked to rate their 
current work ability as compared with their work ability 
at its best on a 10-point scale ranging from “completely 
lacking work ability” (1) to “work ability at its best” 
(10). 

General symptoms. General symptoms were measured 
using a modified version of the general Nordic ques-
tionnaire (QPSNordic) (32) and covered nine common 
symptoms (heartburn, nausea, stomachache, palpita-
tions, coughs, colds, headaches, fatigue, and sleep dis-
turbances). The respondents were asked to indicate 
whether they had experienced a symptom during the past 
6 months. Sum scores were computed and ranged from 
0 to 9, high scores indicating more symptoms. 

Musculoskeletal symptoms. Musculoskeletal symptoms 
in the upper extremities (neck, shoulder, and hand�������–������wrist 

areas) were measured using the standardized Nordic 
questionnaire (33). For all of the items, the respondents 
were asked to indicate whether they had experienced 
symptoms or pain during the past 6 months. Sum scores 
were computed and ranged from 0 to 3, high scores 
indicating more symptoms. 

Statistical analyses

Before the main analyses were performed, internal con-
sistency coefficients (Cronbach’s alpha) were computed 
for all of the measures that included two items or more. 
To examine the effects of the interventions on the out-
come measures, we tested interaction and overall time 
effects using repeated-measures analyses of variance 
(ANOVA), considering three time points (T1, T2 and T3) 
for the self-ratings and two time points (T1 and T3) for 
the biomarkers and cardiovascular measures. The sig-
nificant main effects of the time and interaction effects 
were followed by posthoc tests. Due to missing data, 
the sample size and degrees of freedom varied slightly 
between the analyses. 

Results

Physical activity

Figure 1 presents the mean levels of physical exercise in 
the three groups at the three time points. There was a sig-
nificant increase in physical exercise in all three groups 
over time (P<0.001 for the physical-exercise group, 
P<0.001 for the reduced-workhours group, P<0.001 
for the reference group). The time × group interaction 
effect [F(4, 310)=82.33, P<0.001] with posthoc tests 
showed that the increase in the physical-exercise group 
was significantly greater than in the other two groups 
(physical-exercise versus reduced-workhours: P=0.024; 
physical-exercise versus reference: P<0.001). The mean 
levels of physical activity (of low intensity) increased as 
well, starting at a level corresponding to approximately 
3–4 hours of weekly physical activity [F (2, 158)=16.54, 
P<0.001]. The time × group effect approached signifi-
cance [F (4, 318)=2.13, P=0.077]. 

Biomarkers

Table 1 presents descriptive statistics (means and stan-
dard deviations) and 95% confidence intervals and the 
results from repeated ANOVA for the biological mea-
sures. For the blood lipids, neuroendocrine markers, and 
cardiovascular measures, no significant time × group 
effects were found. However, there was a time effect 
that showed increasing levels of blood lipids from T1 to 
T3 for all of the blood lipids but the LDL-to-HDL ratio. 
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The posthoc analyses showed increasing levels of all of 
the blood lipids in the reference group [F (1, 60)=19.01, 
P<0.001, for total cholesterol; F(1, 60)=6.18, P=0.016, 
for triglycerides; F (1, 60)=9.31, P=0.003, for HDL; 
F (1, 60)=19.01, P<0.001, for LDL]. In the reduced-
workhours group, total cholesterol and HDL had in-
creased significantly [F (1, 40)=5.98, P=0.019, for total 
cholesterol; F (1, 40)=12.35, P=0.016, for HDL], while 
only total cholesterol had increased significantly in the 
physical-exercise group [FTC (1, 57)=5.92, P=0.018]. 

Significant effects were also found for the meta-
bolic measures. For glucose, there was a significant 
time × group effect (P=0.04), the posthoc analyses 
showing significant decreases in the physical-exer-
cise group only [F (1, 57)=4.64, P=0.036]. A signifi-
cant interaction effect emerged for the waist-to-hip 
ratio (P=0.02), the posthoc analyses revealing that the 
waist-to-hip ratio increased in the reduced-workhours 
group [F (1, 42)=11.7, P<0.001]. For HbA1c, there was 
an effect of time showing decreasing levels of HbA1c 
(P=0.03), but no interaction effect.

Self-reports 

Table 2 presents descriptive statistics (means and stan-
dard deviations) and 95% confidence intervals and the 
results from the repeated ANOVA for the self-report 
measures. No significant effects emerged for self-rated 
health, work–home interference, lack of recovery, or 
fatigue. For work ability, the time × group effect [F (4, 
314)=3.35, P=0.01] was significant. The posthoc analy-
ses showed that work ability deceased in the reference 
group [F(2, 116)=5.58, P=0.005], while there were no 
significant changes in the physical-exercise and the 
reduced-workhours groups. Similar results were found 
for general symptoms, namely, the number of symp-
toms increased in the reference group [F(2, 118)=5.31, 
P=0.006]. However, the time × group effect did not 
reach significance [F(4, 316 )=2.26, P=0.063]. For 
upper-extremity disorders, the time × group effect ap-

proached significance [F(4, 314)=2.26, P=0.062], sug-
gesting significant decreases in upper-extremity disor-
ders in the physical-exercise group only [F(2, 114)=4.64, 
P=0.012]. 

Discussion

In line with the initial hypotheses, the levels of physical 
activity (low-intensity physical activity and physical 
exercise) increased in both intervention groups, but also 
in the reference group. However, the increase in physical 
exercise was greater in the physical-exercise group and 
in line with previous research showing that worksite-
based interventions may be effective in increasing the 
levels of physical activity (1). 

Effects of the interventions

In the tests of the effects of the three conditions on the 
outcomes, significant interaction effects emerged for 
glucose, waist-to-hip ratio, and work ability. For general 
symptoms and upper-extremity disorders, the interaction 
effects approached significance. In other words, most of 
the interaction effects failed to reach significance. Apart 
from many of the effects being small, the lack of interac-
tion effects may have resulted from the different condi-
tions being too similar. First, both intervention groups 
included a reduction of workhours, although work was 
replaced by physical activity in one group but not in the 
other. Second, even though the physical-exercise group 
exhibited the greatest increase in physical activity and a 
greater increase in terms of physical exercise, the levels 
of physical activity and physical exercise increased in all 
three groups. Third, the mean baseline levels of self-rat-
ed physical activity were relatively high, corresponding 
to 3–4 hours of weekly low-intensity physical activity, 
which may have limited the variability and contributed 
to ceiling effects in terms of health improvement.

5<hours/week

T1 T2 T3

Reduced hours Physical exercise Referents

3–4 hours/week

1–2 hours/week

>1 hour/week

Figure 1. 

Figure 1. Level of self-rated physical exercise before 
(T1), after 6 months (T2), and after 12 months (T3) 
of participation in interventions involving physical 
exercise or reduced workhours.
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Table 1. Descriptive statistics (means and standard deviations) and 95% confidence intervals (95% CI) for the biomarkers for the two 
intervention groups and the reference group at baseline and after 12 months and results from repeated analyses of variance reporting 
time (T) effects, interaction (I) effects and exact P-values. (HDL = high-density lipoprotein, LDL = low-density lipoprotein, DHEAS = de-
hydroepiandesterone sulfate, HbA1c = glycosylated hemoglobin)

Biomarker	 N	 Before	 12 months	 F-value	 P-value

		  Mean	 SD	 95% CI	 Mean	 SD	 95% CI

Blood lipids									       

	 Total cholesterol (mmol/l)									       
		  Exercise group	 58	 5.08	 0.89	 4.88–5.34	 5.23	 0.96	 5.01–5.52	 T: 27.1	 0.001
		  Reduced hours group	 41	 5.16	 0.93	 4.86–5.43	 5.33	 0.99	 4.99–5.59	 I: 0.78	 0.46
		  Reference group	 60	 5.29	 1.04	 5.02–5.55	 5.54	 1.09	 5.25–5.81		
	 Triglycerides (mmol/l)									       
		  Exercise group	 58	 1.01	 0.48	 0.88–1.14	 1.08	 0.72	 0.91–1.31	 T: 8.30	 0.001
		  Reduced hours group	 41	 0.97	 0.60	 0.79–1.15	 1.11	 0.91	 0.87–1.44	 I: 0.34	 0.71
		  Reference group	 60	 0.99	 0.73	 0.80–1.17	 1.13	 1.05	 0.86–1.30	  	
	 HDL (mmol/l)									       
		  Exercise group	 58	 1.86	 0.41	 1.75–1.96	 1.89	 0.41	 1.78–1.99	 T: 19.6	 0.001
		  Reduced hours group	 41	 1.80	 0.33	 1.69–1.90	 1.91	 0.41	 1.78–2.04	 I: 1.74	 0.18
		  Reference group	 60	 1.82	 0.30	 1.75–1.90	 1.90	 0.37	 1.81–2.00		
	 LDL(mmol/l)									       
		  Exercise group	 56	 2.75	 0.71	 2.59–2.98	 2.82	 0.75	 2.66–3.05	 T: 5.41	 0.02
		  Reduced hours group	 40	 2.89	 0.68	 2.67–3.08	 2.91	 0.70	 2.64–3.06	 I: 0.81	 0.45
		  Reference group	 59	 3.02	 0.89	 2.78–3.24	 3.14	 0.91	 2.89–3.36		
	 LDL-to-HDL ratio (mmol/l)									       
		  Exercise group	 56	 1.57	 0.55	 1.45–1.74	 1.55	 0.47	 1.45–1.70	 T: 1.87	 0.17
		  Reduced hours group	 40	 1.64	 0.46	 1.50–1.78	 1.56	 0.48	 1.39–1.67	 I: 1.56	 0.21
		  Reference group	 59	 1.68	 0.56	 1.53–1.82	 1.70	 0.57	 1.54–1.84		

Neuroendocrine markers									       

	 DHEAS (mmol/l)									       
		  Exercise group	 58	 4.07	 1.99	 3.62–4.65	 4.05	 2.06	 3.57–4.67	 T: 0.54	 0.46
		  Reduced hours group	 37	 3.69	 1.81	 3.32–4.59	 3.97	 2.07	 3.39–4.70	 I: 2.28	 0.11
		  Reference group	 61	 3.89	 2.36	 3.27–4.46	 3.79	 2.26	 3.19–4.33		
	 Prolactin (µg/l)									       
		  Exercise group	 58	 8.67	 4.55	 7.52–16.5	 8.64	 4.27	 1.34–30.2	 T: 0.06	 0.81
		  Reduced hours group	 37	 8.82	 3.57	 7.75–9.90	 8.89	 4.57	 4.44–27.5	 I: 1.15	 0.32
		  Reference group	 61	 8.74	 3.67	 7.77–9.63	 9.59	 4.82	 8.29–10.7		

Metabolic measures									       

	 Glucose (mmol/l)									       
		  Exercise group	 57	 5.08	 0.48	 4.95–5.24	 4.87	 0.79	 4.69–5.18	 T: 1.70	 0.19
		  Reduced hours group	 38	 5.07	 0.46	 4.96–5.28	 5.00	 0.50	 4.78–5.64	 I: 3.29	 0.04
		  Reference group	 59	 4.95	 0.38	 4.76–5.50	 5.02	 0.60	 4.82–5.55		
	 HbA1c (mmol/l)									       
		  Exercise group	 58	 4.32	 0.28	 4.25–4.42	 4.26	 0.32	 4.18–4.42	 T: 5.04	 0.03
		  Reduced hours group	 38	 4.39	 0.28	 4.25–4.82	 4.33	 0.39	 4.15–4.71	 I: 0.24	 0.79
		  Reference group	 59	 4.35	 0.29	 4.26–4.57	 4.32	 0.37	 4.20–4.60		
	 Waist-to-hip ratio (cm)									       
		  Exercise group	 58	 0.80	 0.07	 0.79–0.83	 0.83	 0.13	 0.80–0.86	 T: 3.58	 0.06
		  Reduced hours group	 43	 0.80	 0.06	 0.78–0.82	 0.85	 0.09	 0.83–0.88	 I: 3.98	 0.02
		  Reference group	 64	 0.83	 0.11	 0.81–0.86	 0.82	 0.06	 0.80–0.83		

Cardiovascular measures									       

	 Systolic blood pressure (mm Hg) 									       
		  Exercise group	 58	 118.2	 21.0	 112.5–123.2	 115.8	 19.5	 110.5–120.7	 T: 2.19	 0.14
		  Reduced hours group	 43	 113.6	 15.1	 107.8–117.4 	 113.0	 16.27	 106.5–116.2	 I: 0.46	 0.63
		  Reference group	 64	 110.5	 13.5	 107.2–113.8	 109.7	 13.3	 106.3–112.8		
	 Diastolic blood pressure (mm Hg)									       
		  Exercise group	 58	 81.4	 12.6	 77.5–84.2	 79.8	 12.0	 76.1–82.4	 T: 2.62	 0.11
		  Reduced hours group	 43	 79.5	 11.0	 74.8–81.6	 78.1	 11.2	 73.2–80.1	 I: 0.16	 0.86
		  Reference group	 64	 76.8	 10.9	 74.1–79.4	 76.1	 10.7	 73.3–78.6		
	 Heart rate (beats/minute)									       
		  Exercise group	 58	 63.7	 7.90	 61.6–65.6	 64.4	 10.5	 61.8–67.1	 T: 0.08	 0.78
		  Reduced hours group	 43	 64.0	 8.89	 62.2–67.7	 63.4	 6.62	 62.8–67.5	 I: 0.95	 0.58
		  Reference group	 64	 63.1	 8.43	 61.0–65.1	 63.4	 8.86	 61.2–65.6
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A look at the posthoc analyses shows that the results 
with respect to health-related measures seemed to dif-
fer between the interventions. For the physical-exercise 
group, there were positive effects over time for glucose. 
There was also a trend suggesting effects on upper-ex-
tremity disorders. These positive effects emerged at the 
first follow-up, after 6 months, and were sustained or 
had further improved after 1 year (analyses not shown). 
The effect on glucose found in the physical-exercise 
group may be of importance for the prevention of health 
problems related to metabolism. In addition, the trend 
showing reduced upper-extremity disorders suggests 
that physical exercise may be related to important health 
improvements (34), when it is considered that women 
working in dentistry have a high prevalence of upper-ex-
tremity disorders (20, 35), although no firm conclusions 
can be drawn based on a trend alone. When it comes to 
the reduced workhours, the health benefits remain un-
clear. Although the increased HDL levels found in this 
group were positive for health and may be associated 
with anabolic, health-promoting bodily processes (36, 
37), the simultaneous increases in total cholesterol and 

the lack of significant changes in the LDL-to-HDL ratio 
make it difficult to interpret these findings, particularly 
with the paralleling increase in the waist-to-hip ratio. 
Taken together, the findings concerning the effects of 
reduced workhours on biomarkers are not clearly re-
lated to changes that are known to prevent future health 
problems. 

Changes also occurred among the referents in terms 
of increasing levels of physical activity and exercise. 
These changes may be a result of these women taking 
part in a study and undergoing repeated health checkups. 
However, apart from increasing levels of HDL, there 
were no positive effects. On the contrary, there were 
increased levels of total cholesterol, triglycerides, and 
decreased work ability among the referents. 

An understanding of the ways in which reduced 
workhours may affect health is limited. Contrary to 
the hypothesis, the results did not support a reduction 
in work–home interference or improved recovery from 
work in the reduced-workhours group. However, there 
was an increase in physical activity and exercise, and, 
consequently, physical activity may account for some 

Table 2. Descriptive statistics (means and standard deviations) and 95% confidence intervals (95% CI) for the self-ratings on the self-
rated measures for the two intervention groups and the reference group before, after 6 months, and after 12 months and results from the 
repeated analyses of variance, reporting time (T) effects and interaction (I) effects and exact P-values.

Self-rating	 N	 Before	 6 months	 12 months	 F-value	 P-value

		  Mean	 SD	 95% CI	 Mean	 SD	 95% CI	 Mean	 SD	 95% CI

Self-rated health											         

	 Exercise group	 56	 2.21	 0.89	 1.97–2.45	 2.20	 0.92	 1.95–2.44	 2.13	 0.88	 1.90–2.37	 T: 0.24	 0.78
	 Reduced hours group	 45	 2.47	 1.04	 2.16–2.78	 2.49	 0.89	 2.22–2.76	 2.40	 0.96	 2.11–2.69	 I: 0.45	 0.48
	 Reference group	 57	 2.39	 0.82	 2.17–2.60	 2.47	 0.89	 2.24–2.71	 2.49	 0.95	 2.34–2.74	

Lack of recovery											         

	 Exercise group	 56	 2.29	 0.74	 1.55–2.17	 2.27	 0.83	 2.05–2.49	 2.19	 0.74	 1.99–2.39	 T: 1.29	 0.28
	 Reduced hours group	 45	 2.52	 0.81	 2.28–2.76	 2.46	 0.83	 2.21–2.70	 2.40	 0.91	 2.12–2.67	 I: 0.43	 0.78
	 Reference group	 56	 2.39	 0.74	 2.19–2.59	 2.40	 0.71	 2.21–2.59	 2.39	 0.78	 2.18–2.60	

Fatigue												          

	 Exercise group	 57	 3.12	 0.76	 2.92–3.32	 3.10	 0.72	 2.91–3.29	 3.05	 0.73	 2.86–3.25	 T: 0.64	 0.53
	 Reduced hours group	 46	 3.40	 0.69	 3.19–3.60	 3.42	 0.71	 3.21–3.63	 3.39	 0.70	 3.18–3.59	 I: 0.12	 0.98
	 Reference	 58	 3.25	 0.72	 3.06–3.44	 3.29	 0.79	 3.08–3.50	 3.22	 0.80	 3.01–3.44		

General symptoms											         

	 Exercise group	 56 	 4.00	 2.00	 3.40–4.54	 3.79	 1.88	 3.28–4.29	 3.75	 1.80	 3.27–4.23	 T: 1.08	 0.34
	 Reduced hours group	 45	 3.67	 2.03	 3.06–4.29	 3.78	 1.86	 3.22–4.34	 3.82	 2.09	 3.19–4.45	 I: 2.26	 0.06
	 Reference group	 60	 3.20	 1.92	 2.70–3.70	 3.88	 1.96	 3.38–4-39	 3.80	 1.81	 3.33–4.27	

Upper-extremity disorder										        

	 Exercise group	 58	 1.93	 0.93	 1.69–2.18	 1.59	 1.21	 1.27–1.91	 1.64	 1.12	 1.34–1.93	 T: 1.07	 0.35
	 Reduced hours group	 43	 1.86	 1.01	 1.55–2.17	 1.98	 1.06	 1.65–2.30	 1.93	 1.14	 1.58–2.28	 I: 2.26	 0.06
	 Reference group 	 59	 1.83	 0.93	 1.59–2.07	 1.90	 0.94	 1.65–2.14	 1.71	 1.08	 1.43–1.99	

Work–home interference										        

	 Exercise group	 57	 4.46	 2.58	 3.77–5.14	 5.42	 3.28	 4.55–6.29	 5.36	 3.26	 4.49–6-23	 T: 1.00	 0.37
	 Reduced hours group	 45	 5.09	 3.24	 4.12–6.06	 5.31	 3.54	 4.25–6.38	 5.11	 3.59	 4.03–6.19	 I: 1.87	 0.12
	 Reference group 	 59	 5.53	 3.22	 4.69–6.36	 5.27	 3.33	 4.40–6.14	 5.03	 3.24	 4.19–5.88	

Work ability 											         

	 Exercise group	 56	 8.13	 1.72	 7.67–8.59	 8.32	 1.72	 7.86–8.78	 8.34	 1.34	 7.97–8.71	 T: 1.07	 0.35 
	 Reduced hours group	 45	 7.89	 1.94	 7.40–8.56	 8.31	 1.54	 7.85–8.77	 8.09	 1.52	 7.63–8.55	 I: 3.35 	 0.01
	 Reference group	 59	 8.49	 1.42	 8.12–8.86	 7.90	 2.03	 7.37–8.43	 7.59	 2.27	 7.80–8.18	
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of the effect in the reduced-workhours group. However, 
the health benefits in the physical-exercise group was 
larger, and it seems reasonable to suggest that though 
reduced workhours may be beneficial when used for 
physical activity, the impact is greater when the physical 
exercise is mandatory. 

Studying a healthy population 

Although meta-analyses have suggested that the scien-
tific evidence for worksite health-promotion programs 
can be summarized as indicative or acceptable (38), the 
resulting effect sizes are often small (7), as in our study, 
particularly for the self-ratings. A key factor explaining 
the small effect sizes in worksite interventions is that 
the participants are part of a healthy population and 
subsequently are fairly healthy at the start of the inter-
ventions. This is true in our study, in which the mean 
levels were within the normal range (tables 1 and 2), 
suggesting a ceiling effect for health improvements. Yet, 
from a public health perspective, a small effect on the 
individual level can still be important if the number of 
persons affected are great enough. However, instead of 
focusing on improvements in health, it may be more rel-
evant to discuss whether an intervention reduces future 
health problems or improves health-related functioning. 
Such an approach was adopted in a previous study that 
showed that an intervention reduced the decline in work 
ability (2). A similar pattern emerged in our study, in 
which the reference group, but none of the intervention 
groups, reported reduced work ability during the study 
period. There was a trend towards a similar pattern for 
general symptoms; although caution is needed in inter-
preting trends. In all, this finding suggests that a lack 
of health-related improvements may be associated with 
health benefits anyway, when the intervention delays, 
or prevents, the negative effects found among referents. 
However, an overall decline in health is the most likely 
to happen over a longer period of time, implying that, 
in order to find such effects, longer follow-up periods 
would be needed.

Limitations and strengths

In this study, cluster rather than individual randomiza-
tion was used. To minimize the effects of variations 
between clusters, the differences between participat-
ing workplaces were kept to a minimum (eg, from the 
same organization, doing the same type of work, and 
being financially equivalent), and the workplaces were 
matched before the randomization. Despite these pro-
cedures, differences between the workplaces may have 
influenced the effects of the intervention. However, 
randomization on an individual level is often impracti-
cal or impossible in worksite interventions. In addition, 

including all those working at one workplace in the same 
intervention has the advantage of increasing ecological 
validity and reducing the risk of contamination between 
interventions. 

No additional employees were recruited to compen-
sate for the reduction in workhours, but full services 
were still expected. This situation could potentially 
increase work demands and thereby reduce the ben-
eficial effects of the interventions. However, a look at 
the effects of the interventions into self-rated work de-
mands showed no changes in perceived work demands 
(results not shown). Importantly, the lack of additional 
employees during an intervention is a common real-life 
scenario, and it increases the ecological validity of the 
study. 

Approximately half of the participating women were 
part-time workers. For them, the reduction in workhours, 
or time for physical exercise, was less than 2.5 hours. 
Since part-time work may be a coping strategy to handle 
work–home interference or other demands, part-time 
workers may differ from full-time employees both in 
terms of baseline health and in terms of time spent on 
an intervention (eg, hours of worktime reduction). How-
ever, the initial analyses showed no differences between 
the part-timers and full-timers, for either the baseline 
or outcome measures (results not shown). This lack of 
differences may be related to the modest differences in 
the time spent on the intervention in that, for most of 
the part-timers, the intervention involved 2 hours instead 
of 2.5 hours. 

A homogeneous group of women employed in den-
tistry within the public health care sector participated 
in this study. This homogeneity reduces generalization 
to other groups of employed women working outside 
the public health care sector. However, restricting the 
study to a homogeneous group of women increased the 
power of the intervention and reduced the influence of 
confounders.

The number of dropouts was low throughout this 
study. Another strength of this research was the concur-
rent assessment of biomarkers and self-reports and the 
fact that these measurements were obtained before the 
intervention and 6 and 12 months after it. However, due 
to the well-known seasonal variations in biomarkers, 
only data from the baseline measurements and the 12-
month follow-up were analyzed. Of course, the sheer 
number of measurements and the many significance tests 
performed in the study increased the risk for significant 
effects by chance (39). Consequently, the interpretation 
of the findings should focus on the overall pattern in 
each group, rather than on individual measures. Never-
theless, the use of repeated measurements revealed some 
distinct group effects and made it possible to separate 
temporary effects from effects that were sustained over 
time. Yet additional follow-ups over longer periods of 
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time may be needed to adequately map the preventive 
effects of an intervention.

Concluding remarks

Taken together, our study on women employed in den-
tistry shows that reduced workhours increased the levels 
of physical activity and exercise, resulting in positive 
effects on HDL. When it was mandatory to spend the 
reduced workhours on physical activity, the increase in 
physical exercise was even greater, and it was associated 
with positive effects on glucose and a trend suggesting 
effects on upper-extremity disorders. From this finding, 
it follows that interventions involving a modest reduc-
tion in workhours seem to be more effective when the 
time is spent on physical exercise.
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