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Abstract 

Background: In health care, the shift work is arranged as irregular work shifts to provide operational hours for 24/7 
care. We aimed to investigate working hour trends and turnover in health care via identification of time-related 
sequences of work shifts and absences among health care employees. The transitions between the work shifts (i.e., 
morning, day, evening, and night shifts), and absences (days off and other leaves) over time were analyzed and the 
predictors of change in irregular shift work were quantified.

Methods: A longitudinal cohort study was conducted using employer-owned payroll-based register data of objec-
tive and day-to-day working hours and absences of one hospital district in Finland from 2014 to 2019 (n = 4931 
employees). The working hour data included start and end of work shifts, any kind of absence from work (days off, 
sickness absence, parental leave), and employee’s age, and sex. Daily work shifts and absences in 2014 and 2019 were 
used in sequence analysis. Generalized linear model was used to estimate how each identified sequence cluster was 
associated with sex and age.

Results: We identified four sequence clusters: “Morning” (60% in 2014 and 56% in 2019), “Varying shift types” (22% 
both in 2014 and 2019), “Employee turnover” (13% in 2014 and 3% in 2019), and “Unstable employment (5% in 2014 
and 19% in 2019). The analysis of transitions from one cluster to another between 2014 and 2019 indicated that most 
employees stayed in the same clusters, and most often in the “Varying shift types” (60%) and “Morning” (72%) clusters. 
The majority of those who moved, moved to the cluster “Morning” in 2019 from “Employee turnover” (43%), “Unstable 
employment” (46%) or “Varying shift types” (21%). Women were more often than men in the clusters “Employee turno-
ver” and “Unstable employment”, whereas older employees were more often in “Morning” and less often in the other 
cluster groups.

Conclusion: Four clusters with different combinations of work shifts and absences were identified. The transition 
rates between work shifts and absences with five years in between indicated that most employees stayed in the same 
clusters. The likelihood of a working hour pattern characterized by “Morning” seems to increase with age.

Keywords: Shift work, Absence, Sequence analysis, Longitudinal, Health care, Employees

Introduction
Shift work, organized as irregular work shifts including 
morning, day, evening, and night shifts is common in 
health care due to the provision of 24/7 care [1, 2]. Fur-
thermore, irregular working hours in health care may 
include rotating shifts across consecutive days, even 
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without sufficient rest between shifts, and during sched-
uled time off [3]. Shift work, even without but especially 
with night work, may influence health and well-being [4, 
5], e.g., due to sleep disorders [6–8], occupational stress 
[9] and chronic fatigue [10]. Shift work is also known to 
be linked with many chronic conditions such as gastro-
intestinal symptoms [11] or with circadian strain, and 
the risk of cardiovascular disease and cancer mortality, 
especially among women working rotating night shifts 
for at least 5 years [12–14]. Studies that have identified 
trends and turnover of irregular working hours in health 
care are rare [15], i.e. it is not known whether employees 
remain in stressful irregular working hours or whether 
they transfer to day work due to aging or other reasons. 
Selection out of shift work may be linked e.g. to healthy 
worker effect [16].

An emergent challenge is to address the complexity of 
irregular working hours in health care when investigat-
ing the combinations of work shifts and different types 
of absences [1, 15, 17]. Irregular working hour patterns 
are often a consequence of the need to fulfil the changing 
and irregular needs of service production while account-
ing for legal restrictions. Staffing in health care is planned 
with shift scheduling which requires optimal assignment 
of the required working hours according to available per-
sonal resources, legal and safety requirements, and the 
requests of the employees [18].

The earlier register-based working hour studies using 
payroll data have investigated the working hour charac-
teristics in shift work to obtain unbiased understanding 
of irregular working hours with various health outcomes 
[19–23]. However, these previous studies have mostly 
investigated only a few working hour characteristics at 
a time [21–23] or various working hour characteristics 
separately [17, 20, 24] and studies of combinations of the 
irregular working hours are rare [1, 15]. Hence, a need 
exists to conduct studies with objective data of irregular 
working hours to identify combinations of work shifts 
and absences, their mutual associations, and changes 
over time. Ageing might increase transition from shift 
work to day work [24, 25] but also other kinds of tran-
sitions, such as work disability or turnover (leaving the 
employer or the entire health care sector) [26–28]. New 
employees are needed to substitute the absences and 
turnover [26, 27].

To investigate working hour trends and turnover in 
health care, we aimed to identify time-related sequences 
of work shifts and absences in irregular working hours 
among health care employees. Further on, we investigate 
the transitions between work shifts and absences (i.e., 
between morning, day, evening, night shifts, days off, or 
leaves) over time and quantify the predictors for change. 
We hypothesized that the incidence of day work would 

increase, and shift work decrease based on turnover, 
health worker effect and ageing [26–28].

Methods
This study utilized employer-owned register data of 
working hours and absences of one hospital district in 
2014 and 2019. The full sample included 7997 employees 
i.e., having an employee identification code in 2014 and 
8231 employees in 2019. The final analytical sample was 
restricted to 4931 health care workers who had a shift 
work contract in their first working day in 2014 and had 
remained in the register also in 2019 (i.e., had at least one 
work shift or leave during each year).

The data were obtained from the shift scheduling pro-
gram Titania® (CGI Finland). The payroll-based work-
ing hour data included information on the work unit 
and work time contract (shift work and possible part-
time contracts) start and end of all daily work shifts and 
absences including days off, sickness absences, vacations 
and other leaves, [17]. The work shifts were classified into 
early morning shift (starting before 06:00, but not catego-
rized as a night shift), morning shift (starting after 03:00 
and ending before 18:00); day shift (starting after 08:00 
and ending before 18:00); evening shift (≥ 3  h of work 
between 18:00 and 02:00 and not categorized as a night 
shift); and night shift (≥ 3 h of work between 23:00 and 
06:00) as has been done before [1, 17]. The work shifts 
can be slightly overlapping, i.e., a shift may fit in to more 
than one of the shift categories. Therefore, the work 
shifts were prioritized for their health-related exposure 
in which each shift was assigned as either night (highest 
priority), evening or day (lowest priority).

The reasons for absence were available from the work-
ing hour data and included annual vacation, day off, sick 
leave, parental leaves (i.e., maternity/paternity leave or 
temporary care leave (e.g., when a child is sick)), and 
other leaves (i.e., employment interruptions, leaves due 
to training, unpaid leaves, treatment, or examination 
approved by the employer for working time or other date 
of suspension, and sudden unpaid absence (e.g., due to 
strike)). The observations which had missing work shift 
or absence code due to different specific work stops (e.g., 
normal non-working hours) or absences (e.g., leaves due 
to training) were collapsed into one category named 
“missing” (2014 – n = 20,754 days, 2019 – n = 44,060 
days, 0.89% of all days in the register for 2014 year and 
1.9% of all days in the register for 2019 year).

The data was organized in the accuracy of calendar 
days: each employee would potentially have 365 observa-
tions per year and has been classified to one (first men-
tioned) status per calendar day. The years 2014 and 2019 
were selected to control the number of observations in 
the analyses. The maximum available data in each year 
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was 365 days for 2014, and 358 days for 2019 between 1 
January and 31 December and having at least one work 
shift or absence. The data comprised of employer owned 
employment information why no ethical approval was 
required for the study.

Statistical analysis
Statistical analyses were conducted with R (version 4.0.5) 
and the TraMineR package for an analysis of sequences of 
work shifts (early morning shift, morning shift, day shift, 
evening shift or night shift) and absences (e.g., vacation, 
day off, sick leave, parental leave, or other leave). The date 
was used as the order variable (delta = 1 day). We utilized 
cluster analysis with optimal matching spell (Optimal 
Matching, OM) to identify different clusters of employees 
who had similar sequences of work shifts and absences. 
Separate analyses were conducted for years 2014 and 
2019. The optimal number of clusters was selected based 
on an agglomerative hierarchical clustering using the 
obtained distance matrix. We used agnes() to make a 
hierarchical clustering with the Ward method. The clus-
ter solution was retained after examining the dendro-
gram of the clustering tree for years 2014 and 2019.

We estimated the transition rates for sequence objects 
to obtain information about the most frequent state 
changes observed in the data together with an assess-
ment of the stability of each state [29]. Furthermore, the 
Generalized Linear Model (GLM) were used to analyze 
the associations between cluster group, sex, and age. As 
GLM (binomial logistic regression) provides log odds 

ratios, we calculates odds ratios (OR) based on exp(log 
odds ratios) function and 95% confidence intervals (CI) 
based on exp(log odds ratios ± 1.96 × SE) function.

Then we investigated further one of the clusters named 
“Varying shift types” that was assumed to represent the 
irregular working hours in health care. For this cluster 
group, we carried out a separate sequence analysis.

Results
Cluster groups
The final sample of 4931 employees in 2014 had a mean 
age 41.6 (SD 10.6) years and of them, 85% were women. 
The clusters with combinations of work shift and absence 
for years 2014 and 2019 are shown in Figs. 1 and 2.

Each employee represents one sequence. The sequence 
analysis showed that both in 2014 and in 2019 four clus-
ter groups of employees (sequences) could be identified 
(Figs. 1 and 2). The cluster groups were named as:

1. “Morning” (60% in 2014 and 56% in 2019), that 
included dominantly morning shifts, but only few 
absence episodes. The employees had on average 
151–155 morning shifts and 90–94 days off during 
the year (Supplemental Table  1A), and a relatively 
stable employment.

2. “Varying shift types” (22% both in 2014 and 2019) 
was distinctive due to a combination of various work 
shifts as, for example, morning shift (69 shifts), day 
shifts (8–10), evening shifts (38–44), night shifts 

Fig. 1 The full sequence index plots for day-to-day work shifts and absences in 2014 (sorted by beginning 1st of January) for the identified four 
cluster groups. The number of employees at the y-axis and days from 1st of January 2014 to 31st of December 2014 at the x-axis
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(46–47) and days off (100–110 days), and a relatively 
stable employment, i.e., few absence episodes.

3. “Employee turnover” (13% in 2014 and 3% in 2019) 
included a large proportion of new employees who 
entered the employment later in the year and/or left 
the job during the same year.

4. “Unstable employment” (5% in 2014 and 19% in 
2019) implied that employees had dominantly morn-
ing shift when at work, but considerable absence 
from work. This cluster of employees was distinctive 
due to a larger number of days in sick leave, parental 
leave, other absences parallel to rare morning shifts 
(28–42 shifts) and having rather small number of 
days off (23–35 days).

The analysis of transitions from one cluster group in 
2014 to another in 2019 indicated that most employ-
ees stayed in the same clusters, and most often in the 
“Varying shift types” (60%) and “Morning” cluster 

groups (72%) (Table  1). However, among those who 
moved from one cluster in 2014 to another one in 2019, 
the majority moved to the cluster “Morning” from 
such clusters as “Employee turnover” (43%), “Unsta-
ble employment” (46%) or “Varying shift types” (21%). 
Also transitions from “Employee turnover” and from 
“Unstable employment” to “Varying shift types” were 
rather frequent (25% and 19%, respectively).

The transition rates of the work shifts and absences 
within 2014 and 2019 indicated a relatively high prob-
ability of staying in the same statuses for night shift, 
sick leave, parental leave and other leaves (e.g., the 
transition analysis shows ‘transitions’ from night shift 
to night shift, from sick leave to sick leave etc.) (Supple-
mental Table 1B). Instead, a higher likelihood of transi-
tions was detected from evening shift to morning shift 
or from day shift to morning shift. In 2014 and 2019, 
the transitions from evening shift to morning shift were 
about the same (0.49 and 0.41, respectively) as well as 

Fig. 2 The full sequence index plots for day-to-day work shifts and absences in 2019 (sorted by beginning 1st of January) for the identified four 
cluster groups. The number of employees at the y-axis and days from 1st of January 2019 to 31st of December 2019 at the x-axis

Table 1 Comparison of transitions from cluster groups in 2014 to cluster groups 2019

Cluster groups in 2014 Cluster groups in 2019

Varying types Morning Employee turnover Unstable employment

N % N % N % N %

Varying shift types 657 60 227 21 24 2 185 17

Morning 221 7 2131 72 78 3 533 18

Employee turnover 157 25 265 43 57 9 142 23

Unstable employment 47 19 118 46 8 3 81 32
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transitions from day shift to morning shift (0.43 and 
0.40).

Table  2 contains the regression associations between 
cluster group, sex, and age. Women were more likely 
to belong to cluster groups “Employee turnover” and 
“Unstable employment” (Table  2). Older age groups 
had increased likelihood of belonging to the “Morning” 
group. Younger age groups were more likely to belong 
to the “Varying shift types”, “Employee turnover” and 

“Unstable employment” clusters. Full descriptive statis-
tics for the clusters is given in Supplemental Table 1D.

The cluster “Varying shift types”
We conducted a more detailed analysis on the group 
“Varying shift types” because it was assumed to represent 
the irregularity of working hours and absences in health 
care. Figure 3 shows the more detailed sequences for the 
cluster group “Varying shift types” in 2019. Within this 

Table 2 Odds ratios and 95% CI for the associations age and sex with identified clusters “Varying shift types “, “Morning “, “Employee 
turnover” and “Unstable employment”

Statistically significant OR with 95%CI in boldface

Varying shift types Morning Employee turnover Unstable 
employment

OR 95% CI OR 95% CI OR 95% CI OR 95% CI

2014
 Sex/woman (reference Man) 1.16 0.96–1.42 0.85 0.72–1.01 0.69 0.55–0.87 3.91 2.31–7.24
 Age (reference < 30 years)

  31–45 years 0.70 0.59–0.84 3.26 2.77–3.85 0.22 0.18–0.27 1.37 1.01–1.90
  46–55 years 0.58 0.48–0.71 7.05 5.87–8.48 0.08 0.06–0.10 0.18 0.10–0.31
  > 56 years 0.44 0.34–0.58 8.18 6.43–10.45 0.05 0.03–0.08 0.59 0.34–0.97
2019
 Sex/woman (reference Man) 0.95 0.79–1.15 1.07 0.91–1.25 0.72 0.49–1.09 1.02 0.84–1.25

 Age (reference < 30 years)

  31–45 years 0.83 0.63–1.09 2.03 1.56–2.66 0.39 0.25–0.62 0.68 0.52–0.91
  46–55 years 0.58 0.44–0.78 4.64 3.53–6.14 0.07 0.03–0.14 0.32 0.24–0.44
  > 56 years 0.33 0.25–0.45 4.13 3.14–5.46 0.29 0.17–0.48 0.60 0.45–0.80

Fig. 3 Full-sequence index plots as classified for four types of transition sequences as sorted by beginning (1st of January 2019) for the cluster 
“Varying shift types”. The number of employees at the y-axis and days from 1st of January 2019 to 31st of December 2019 at the x-axis
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cluster group, the four clusters of sequences were named 
according to the most frequent work shifts presented in 
each cluster, i.e., ‘Morning, evening, night’ represents a 
combination of morning, evening, and night shifts. The 
other clusters were ‘Morning, night, evening’, ‘Night, 
morning, evening’ and ‘Sick leave, morning, evening, 
night’.

The morning shift remained the most frequent work 
shift for clusters Morning, evening, night and Morning, 
night, evening. For the same clusters, a combination of 
evening and night shifts remained also rather frequent 
with the difference in prevalence either evening or night 
shifts. The cluster Sick leave, morning, evening, night 
was like Morning, evening, night, however, sick leaves 
were the most frequent for this cluster. For the cluster 
Night, morning, evening, the most frequent work shift 
was night shift in combination with evening and morning 
shifts. Analysis of mean time spent in each work shift or 
leave is given in Supplemental Table 1C.

Table  3  contains the transition rates for sequence 
objects, which allows considering the most frequent state 
changes together with an assessment of the stability of 
each state. Transition rate 1 would mean that the transi-
tion always exists between two states, whereas the closer 
the zero the transition rates go, the less likely it is that 
a transition would take place. We estimated transition 
rates for the cluster group “Varying shift types” (estima-
tions are not given here). The transitions from morning 
shift most probably occurred to morning shift (0.40), 
and less likely to evening shift (0.15) or night shift (0.09). 
Transitions from evening shift were most likely to morn-
ing shift (0.37), less to evening shift (0.27) or night shift 
(0.12). The transitions from night shift to night shift were 
very likely (0.97). Furthermore, we estimated transitions 
between work shifts for each of the clusters (Table 3). If 
the morning shift was the main shift, transitions prob-
ably occurred from morning shift to morning shift or 
from evening shift to morning shift for cluster 1 Morn-
ing, evening, night and cluster 2 Morning, night, evening.

For the cluster 3 Night, morning, evening, transitions 
from evening shift or from day shift to night shift were 
higher than for other clusters. The last cluster (Sick leave, 
morning, evening, night) was distinctive due to more fre-
quent sick leaves in combination with frequent morning, 
evening, and night shifts. Transitions from evening shifts 
to evening shifts were more frequent ones for the last 
cluster as well.

Discussion
This study with objective register data of working hours 
of one hospital district with 4931 employees in 2014 and 
2019 aimed to identify working hour trends and turno-
ver in health care. Another aim was to investigate the 

transitions over time between the work shift types and 
absences and quantify the predictors of changes. We 
identified four clusters: “Morning” (60% in 2014 and 56% 
in 2019), “Varying shift types” (22% both in 2014 and 
2019), “Employee turnover” (13% in 2014 and 3% in 2019) 
and “Unstable employment” (5% in 2014 and 19% in 
2019). The largest cluster group, “Morning”, i.e., the com-
bination of morning shifts and day offs was most com-
mon, whereas the combination between various work 
shifts and days offs (cluster group “Varying shift types”) 
was also rather frequent being in line with earlier indi-
cations that around 20–25% of employees in health care 
work shifts including night work [3, 30–32]. The transi-
tion rates between work shifts and absences from 2014 
to 2019 indicated that most employees stayed in the 
same cluster groups, and most often in the “Varying shift 
types” and “Morning” cluster groups. However, among 
those who moved from one cluster in 2014 to another 
one in 2019, the majority moved to clusters “Morning” 
and “Varying shift types”. In addition, transitions from 
“Varying shift types” and “Morning” to “Employee turno-
ver” or “Unstable employment” were frequent.

The findings yielded mixed support for the hypoth-
esis. The observed transitions rates did not support the 
assumption that among those health care employees 
who stayed in the same workplace, the work shift and 
absence patterns would have been changed considerably 
over the five years, instead they were stable. However, 
while assessing the role of age for cluster groups, older 
age was associated with a lower likelihood of belonging 
to the “Varying shift types” cluster group and a greater 
likelihood of belonging to the “Morning” cluster group 
indicating that older employees and thus those who had 
longer time span spent as shift workers tend to switch 
from shift work to daywork.

Our results are in line with earlier findings of a larger 
dataset linked with the current study but from earlier 
years and not applying a sequence analysis [17], in which 
the correlations between working hour characteristics 
(e.g. length of the working hours, time of the day, shift 
intensity, and social aspects of working hours) within 
individuals were relatively stable between 2008 and 2013. 
Furthermore, we also identified that staying in the same 
status had a relatively high probability for night shift, sick 
leave, parental leave and other leaves, being in line with 
an earlier study [1].

With regard to absence from work, studies with sur-
vey data suggest that intention to leave the employ-
ment in health care might be due to high effort–reward 
imbalance, reward frustration, poor salary and promo-
tion prospects and lack of esteem [33], work-related 
fatigue, work conditions, and health [34], but also that 
the demands of nursing work, the inconvenience of shift 
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work/working hours and uncertain work status [35] and 
restricted professional autonomy play a role [36]. For 
sickness absences, the surveyed factors that may explain 
absences and being out of employment have been fatigue, 
poor inter-shift recovery, perceived workload, obstruc-
tive sleep apnea and marital status [37], shiftwork (mostly 
nightwork), ageing and work-related stress [38] and 
two-shift and three-shift rotations, as well as fixed night 
shifts [39]. In this study, we had register data only, hence 
restricting the investigation of influential factors to age 
and sex. We found that women were less likely to belong 
to the cluster “Employee turnover” and more likely to 
belong to the cluster “Unstable employment” which 
somewhat supports the earlier findings of precarious 
work in health care [4, 28, 40, 41].

Women in health care may have somewhat precari-
ous work [42], i.e., they have interruptions in their work-
ing careers due to various reasons that could be further 
investigated in other studies. However, a cautious inter-
pretation could be that both at workplace level but also at 
societal level, support for career planning within health 
care or for prevention o interruptions in working should 
be provided. Instead, older employees had a greater like-
lihood of belonging to the “Morning” cluster but a lower 
probability to belong to the other cluster groups which 
also seems to follow previous survey results [38].

For the separately investigated “Varying shift types” 
cluster group in 2019, a combination of morning, even-
ing, and night shifts was common. For example, morn-
ing shift remained the basic work shift. At the same time, 
a combination of evening and night shifts remained also 
rather frequent with the difference in the prevalence of 
evening or night shifts. Finally, more frequent sick leaves 
in combination with frequent morning, evening, and 
night shifts were rather frequent for the cluster “Varying 
shift types” in 2019. Our results are in the line with a pre-
vious study from the same dataset [15] showing relatively 
regular morning- and evening-oriented shift work with 
weekends off and highly irregular working hours with 
night and weekend shifts under short contracts.

As a strength of this study, we utilized the objective, 
pay-roll based employer owned working hour data with-
out recall bias, covering an entire hospital district in 
Finland. The data also allowed comparison of two years. 
Another strength related to the use of sequence analysis 
is that it takes the advantage of the rich, day-to-day data 
to make a full description of work shifts and absences 
within two years to identify patterns. Furthermore, 
sequence analysis in combination with cluster analy-
sis allowed synthesizing enormous volume of informa-
tion, consisting of various sequences of work shifts and 
absences, into relatively homogeneous groups. On the 
other hand, applied sequence analysis method has certain 

limitations, i.e., one-dimensionality of categories and ele-
ments, which aggregate a sequence. However, until now, 
this kind of analyses with objective working hour data 
have been rare [17] and focused on comparison of shift 
starting and ending times [1, 2] or estimating an outcome 
[15]. A limitation might be the lack of influential factors 
(predictors) assessed in this study. One might assume 
that organization of working hours [2, 15, 43], other 
organizational issues (such as managers, culture) [44, 45] 
or even health or workability of employees [46] might 
play a role in the clusters of work shifts and absences. 
This should be addressed in further studies although 
the sequences of this study indicate the combinations of 
work shifts and absences but less why they cluster. Irreg-
ular working hours with various clusters of work shifts 
and absences are common in general in the service sector 
besides health care [1, 47, 48]. Furthermore, we lacked 
the knowledge of diagnoses for sickness absence, which 
restricts us from comparisons of sickness absences due 
to underlying illness. Based on earlier studies of irregular 
working hour in the health care in the Nordic countries 
[1, 2, 19], we may assume these results to be generalizable 
to them, but less perhaps in other countries with different 
welfare systems for absences.

Conclusion
In a large administrative data of hospital employees, four 
cluster groups with different combinations of work shifts 
and absences were identified. After five years, two of the 
cluster groups were rather stable, characterized by being 
employed in health care with varying work shift combi-
nations. Two cluster groups were indicative for unstable 
employment due to high variation of various absences 
or not being employed. The transition rates between 
work shifts and absences between five years indicated 
that most employees stayed in the same cluster groups, 
but older employees tended to move to day work. Both 
administrative data and data-driven approach for iden-
tification of working hours patterns and absences would 
be potential both for further studies and for follow-up at 
hospitals to understand turnover of employees.
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