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Abstract 

Background: The COVID-19 pandemic strained healthcare workers but the individual challenges varied in relation 
to actual work and changes in work. We investigated changes in healthcare workers’ mental health under prolonging 
COVID-19 pandemic conditions, and heterogeneity in the mental-health trajectories.

Methods: A monthly survey over a full year was conducted for employees of the HUS Helsinki University Hospital 
(n = 4804) between 4th June 2020 to 28th May 2021. Pandemic-related potentially traumatic events (PTEs), work 
characteristics (e.g., contact to COVID-19 patients), local COVID-19 incidence, and demographic covariates were used 
to predict Mental Health Index-5 (MHI-5) and Insomnia Severity Index (ISI) in generalized multilevel and latent-class 
mixed model regressions.

Results: Local COVID-19 log-incidence (odds ratio, OR = 1.21, with 95% CI = 1.10–1.60), directly caring for COVID-19 
patients (OR = 1.33, CI = 1.10–1.60) and PTEs (OR = 4.57, CI = 3.85–5.43) were all independently associated with psy-
chological distress, when (additionally) adjusting for age, sex, profession, and calendar time. Effects of COVID-19 inci-
dence on mental health were dissociable from calendar time (i.e., evolved in time) whereas those on sleep were not. 
Latent mental-health trajectories were characterized by a large class of “stable mental health” (62% of employees) and 
minority classes for “early shock, improving” (14%) and “early resilience, deteriorating” mental health (24%). The minor-
ity classes, especially “early shock, improving”, were more likely to live alone and be exposed to PTEs than the others.

Conclusions: Healthcare workers faced changing and heterogeneous mental-health challenges as the COVID-19 
pandemic prolonged. Adversity and mental ill-being may have accumulated in some employees, and factors like liv-
ing arrangements may have played a role. Knowledge on employees’ demographic and socioeconomic background, 
as well as further research on the factors affecting employees’ resilience, may help in maintaining healthy and efficient 
workforce in the face of a prolonging pandemic.
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Background
The COVID-19 pandemic represents a global threat to 
mental health. In the general population and among 
healthcare personnel, that threat has manifested in rela-
tively high rates of symptoms of anxiety, depression, 
psychological distress, and post-traumatic stress disor-
der [1–5]. In the beginning of the COVID-19 pandemic, 
healthcare workers had higher rates of insomnia com-
pared to the general population [4, 5]. Transient insom-
nia is an early marker of stress that represents a common 
response to environmental and psychological challenges. 
Prolonged and frequent insomnia symptoms predict 
higher rates of sickness absence due to psychiatric disor-
ders, and mild insomnia symptoms were reported by 53% 
irrespective of profession during the COVID-19 pan-
demic [6–8]. Healthcare personnel’s psychological dis-
tress and sickness absence has varied by pandemic phase 
and profession [1, 9]. Therefore, we examine here changes 
in and correlates of healthcare workers’ mental health 
and sleep problems over time. Although general psycho-
logical distress was our primary outcome, we considered 
insomnia an important secondary outcome that both 
reflects risk of reactive distress and has locally available, 
efficient, and non-stigmatizing low-intensity treatments 
[10]. Our monthly surveys over a full year and latent-class 
analyses mitigate the problem that most research has 
been unable to track the effects of constantly and rapidly 
changing work environment and accumulation of adver-
sity to subpopulations of employees, thus complementing 
empiric understanding on COVID-19 related prolonged 
exposures and mental health of healthcare workers.

Many healthcare workers may have experienced a dou-
ble burden of stress from COVID-19 compared to the 
general population, given their similar or higher risk to 
own health and the additional work stress from treating 
surges of patients with an infectious disease [11]. It has 
been shown that workload due to infections-related hos-
pital ward overcrowding may lead to depression and sick-
ness absence in healthcare staff [12–14]. Several targeted 
meta-analyses suggest that healthcare workers, especially 
female nursing staff with a close contact to COVID-19 
patients, may be at higher risk of psychiatric symptoms 
during the COVID-19 pandemic compared to other pro-
fessionals [[3, 15–17], but see [4]].

Various mental-health trajectories during the COVID-
19 pandemic have been observed amongst the general 
population, depending on factors like local lockdowns, 
personal financial difficulties, pre-existing conditions, 

and contracting the infection [18, 19]. As for potential 
traumatic events in general [20], there are inevitable 
individual differences in individual and social resources 
to cope with stress from COVID-19, as well as differ-
ences between local microenvironments such as wards or 
departments. While some employees face extreme stress 
from pandemic work and unemployment in family, others 
may face primarily stress reductions e.g. from not having 
to physically travel to work. As such (typically) unob-
served factors stay more constant in time than the rap-
idly varying observed factors like infection incidence, one 
might expect latent clusters in the healthcare workers’ 
response to prolonged COVID-19 pandemic over time. 
Also differential phenotypic human stress responses may 
give rise to latent clusters of mental-health trajectories 
following traumatic events [20]. Modeling latent clusters 
amounts to capturing such between-individual differ-
ences in individual-level temporal variation.

Although some studies have monitored healthcare 
workers mental health during the COVID-19 pandemic 
either at frequent intervals or over long periods of time 
(e.g., [1, 21, 22]), few, if any, have done both. Both are 
needed, however, to accurately detect temporal changes 
in effects of exposures and for accurate modeling of dif-
ferential employee trajectories in mental health. This 
paper examines factors affecting healthcare workers’ 
mental-health trajectories over time during the COVID-
19 pandemic using monthly personnel follow up across a 
full year of pandemic conditions.

The entirety of the personnel of the HUS Helsinki 
University Hospital (n = 25,494) was invited to partici-
pate in a baseline online survey during a difficult early 
phase of COVID-19 pandemic in June 2020, with 4804 
employees (19%) answering [23]. These employees then 
received monthly follow-up surveys for over a year, with 
focus here being on how their mental health changed 
rather than on the baseline representativeness for all of 
HUS. Until a half-year follow up, we found that temporal 
variations in local COVID-19 incidence rates correlated 
with the personnel’s psychological distress. Frontline 
work and pandemic-related potentially traumatic events 
(PTE) further increased the risk of psychological dis-
tress [24]. Nursing staff were more likely to be at the 
frontline, but the half-year follow-up data did not allow 
us to determine whether this explained their greater risk 
for experiencing psychological distress. Furthermore, as 
vaccination coverage has increased and the pandemic 
continued, one might anticipate less clear a link between 
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local COVID-19 incidence and employees’ psychological 
distress and increasing heterogeneity in how the employ-
ees cope with the pandemic in their private lives.

We followed psychological distress and the symptoms 
of insomnia in the HUS hospital personnel over one year 
during the COVID-19 pandemic, also modeling risk fac-
tors of and latent heterogeneity (clusters) in psychologi-
cal distress. First, it is important to know how the overall 
mental health of healthcare workers changes upon pro-
longation of a pandemic e.g. because accumulating 
stressful working conditions may reduce quality of care 
and lead to sickness absences [25–27] and because much 
of the work on COVID-19 has focused on cross-sectional 
or sparsely sampled longitudinal samples. Our monthly 
follow ups better track the rapidly changing local epi-
demic situation while still covering long exposure times. 
Second, similar tracking of mild insomnia symptoms in 
each wave seems important, as they could become a fea-
sible early intervention target for stress mitigation [e.g. 
[10]]. Third, as latent cluster analysis allows stratification 
with respect to unobserved covariates (and unknown 
factors), examining latent clusters in healthcare work-
ers’ mental-health trajectories during the prolonging 
pandemic may provide important information regarding 
what employers and occupational health service provid-
ers are currently missing, as well as general knowledge 
on individual differences in mental-health response to 
the prolonged COVID-19 pandemic. Evidence exists for 
latent heterogeneity (clusters) in the general population 
[18, 19], but this study maps their extent in the presum-
ably more homogeneous sub-population of healthcare 
workers under COVID-19 pandemic.

Methods
Setting and participants
The HUS Helsinki University Hospital serves the 26 
municipalities in the region of Uusimaa in Finland, a 
population of 1.7 million. The region includes the capital 
city of Helsinki, many smaller cities, and sub-urban and 
rural areas. Before COVID-19 and subsequent economic 
and political turbulence, in 2019, the human develop-
ment index of Uusimaa region was 0.958 [28], which is 
considered very high (top-ranking country, Norway, had 
the value 0.957 in 2019 on this United Nation’s composite 
index of life expectancy, education, and income indica-
tors). HUS provides state-funded specialized healthcare 
to the entire region. The target population of this study 
were the healthcare works of HUS, who were electroni-
cally surveyed.

This study was approved by the HUS Ethical Commit-
tee. Permission to conduct the study was obtained from 
the HUS Joint Resources. After our initial publications on 
the baseline data and the half-year follow up [23, 24], this 

paper more thoroughly investigates temporal trajectories 
over monthly follow-up data spanning an entire year—
the period from 4th June 2020 to 28th May 2021, totaling 
358 days. The initial sample (n = 4804) contained nurs-
ing staff (62%), medical doctors (9%), special personnel 
such as psychologists and social workers (8%), and other 
non-healthcare personnel (21%), and overall predomi-
nantly (88%) females [23]. Average age was 44 years (s.d. 
11 years), with a broad range of educational backgrounds: 
Bachelor’s degree equivalent was the most common 
highest educational level (55%), but also many doctoral-
degree equivalents (10%) were in the sample (see [23] for 
a full breakdown). Although a bit over half the sample 
(53%) was lost to attrition in 1st follow-up survey, most 
returned to at least some of the 11 follow-up surveys 
(Table 1 shows the number of respondents and other data 
by each survey wave).

Procedures
An e-mail invitation pertaining to an electronic survey 
delivered both in Finnish and in Swedish languages was 
sent to all 25,494 employees of HUS. Besides this initial 
invitation, an open-access link was available in the per-
sonnel’s internal website to capture additional employ-
ees undergoing work changes or turnover. The survey 
consisted of demographic background questions, five 
symptom rating scales (two used here; see below), and 
questions pertaining to changes in daily work, adjust-
ment to those changes, attitudes towards COVID-19 
patients, and open questions on possible need for psy-
chological support. The survey took about ten to fifteen 
minutes to answer. The 4804 employees (19% of the HUS 
personnel) who participated in the initial June 2020 elec-
tronic survey, have received invitations to participate also 
in the monthly follow-up rounds. Although the pressure 
of dealing with COVID-19 likely limited representative-
ness of the initial cross-sectional sample, altogether 82% 
of participants were at least partly retained in follow ups.

In addition to the employee-level survey data dated 
by the time of responding, weekly COVID-19 incidence 
rates in Uusimaa region were drawn from an open data 
repository of the Finnish Institute of Health and Wel-
fare (https:// sampo. thl. fi/ pivot/ prod/ en/ epira po/ covid 
19case/). Hence, prevailing incidence rate could be 
matched to persons’ responses with a one week accuracy.

Measures
We assessed mental-health problems with the (additive 
inverse of ) the five-item Mental Health Index (MHI-5), 
which is the mental-health subscale of the RAND-36 (SF-
36) self-report questionnaire of health-related quality of 
life [29]. MHI-5 rating scale consists of five questions: 
“how much of the time during the last month have you” 

https://sampo.thl.fi/pivot/prod/en/epirapo/covid19case/
https://sampo.thl.fi/pivot/prod/en/epirapo/covid19case/
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(1) been a very nervous person, (2) felt downhearted and 
blue, (3) felt calm and peaceful, (4) felt so down in the 
dumps that nothing could cheer you up, and (5) been a 
happy person? There is a six-point Likert-response scale, 
with reverse scoring for the items 3 and 5 asking about 
positive feelings. All item scores were then converted 
to a score between values 0 to 100 [29], with low scores 
indicating more psychological distress. As in previous 
Finnish studies, we defined clinically significant psycho-
logical distress by MHI-5 scores 52 or below [30–33]. 
We used Insomnia Severity Index (ISI) to assess sleep 
problems. ISI is a reliable and valid instrument to quan-
tify perceived insomnia severity [34, 35]. It can serve as a 
screening device and we applied ISI scores of 15 or over 
to indicate presence of sleep problems [35]. Regarding 
statistical modeling, we considered as outcome variables 
MHI-5 score as a continuous-valued variable, psycholog-
ical distress (MHI-5 ≤ 52), and high ISI (≥15).

Besides the abovementioned validated measures, we 
used the following simple tailored questions on poten-
tially traumatic events related to COVID-19: (1) Has 
your work with suspected or confirmed COVID-19 
patients included exceptionally disturbing or distress-
ing assignments; (2) have you had strong anxiety due to 
your own or close one’s risk of contracting serious ill-
ness for your work with suspected or confirmed COVID-
19 patients; (3) have you or your close one contracted 
a severe COVID-19 that required hospital care; and (4) 
has a close one to you died of COVID-19? If any of 1-4 
was endorsed, the employee was considered as hav-
ing experienced a COVID-19 related PTE. In addition 
to the PTE questions, we asked whether the employees’ 
daily work had changed due to COVID-19, whether they 
had directly provided care to a patient with confirmed 
or suspected COVID-19 infection during the last week, 
whether they were members of the nursing staff, and 

Table 1 Average sample characteristics by wave

a  Month and date (format mm:dd) of the first recorded answer per wave. The year-part of the datum is 2020 for the waves 0-6 and 2021 for the waves 7-11
b  At least one re-participation to surveys after the zero survey wave
c  Woman or someone not indentifying as man
d  Directly caring for COVID-19 patients
e  Belonging to nursing staff at baseline (i.e., in survey wave 0)
f  Reporting changes in work due to COVID-19
g  MHI-5 (Mental Health Index −5 rating, 0-100 points, under 53 refer to psychological distress)
h  ISI (Insomnia severity index rating 0-28 points, 15 or over refer to moderate or severe insomnia symptoms)
i  Potentially traumatic event (any of PTE 1-4, questions i-l below)
j  Has your work with suspected or confirmed COVID-19 patients included exceptionally disturbing or distressing assignments?
k  Have you had strong anxiety due to your own or close one’s risk of contracting serious illness for your work with suspected or confirmed COVID-19 patients?
l  Have you or your close one contracted a severe COVID-19 that required hospital care?
m  Has a close one to you died of COVID-19?

Survey wave (waves 0-6 in year 2020, waves 7-11 in year 2021)

Variable 0 1 2 3 4 5 6 7 8 9 10 11

Date of 1st answer per wave (mm:dd) a 06:04 07:03 08:07 09:04 10:02 11:06 12:04 01:08 02:05 03:05 04:09 05:07

N 4804 2262 2172 1923 1913 1744 1685 1598 1579 1578 1523 1364

At least 1 re-participation (%) b – 46.82 63.18 69.19 73.11 75.65 77.54 78.48 79.23 80.14 81.12 81.72

Woman (%) c 88.60 89.33 89.58 88.82 89.03 88.86 89.29 88.85 88.60 88.26 88.28 88.74

Age (years) 46.74 49.55 48.50 48.18 48.89 48.31 49.54 47.68 47.78 49.63 48.08 47.86

Direct care (%) d 24.40 14.32 14.19 14.19 16.83 16.76 20.27 19.35 19.30 20.11 19.47 18.43

Nursing staff (%) e 63.03 62.30 61.02 59.85 59.64 60.71 61.54 58.99 58.87 58.69 58.80 60.18

Work changes (%) f 82.37 39.48 29.31 37.05 40.20 23.04 38.97 20.72 18.01 29.88 24.81 17.13

MHI-5 (score) g 72.32 78.25 78.80 76.49 74.98 74.42 71.69 74.78 74.67 72.86 74.52 75.79

MHI-5 ≤ 52 (%) 16.66 9.41 9.05 12.02 14.24 15.02 19.14 13.59 14.25 17.06 13.52 13.45

ISI (score) h 7.11 6.33 6.05 6.35 6.60 6.61 6.95 6.86 6.52 6.64 6.59 6.42

ISI ≥ 15 (%) 9.53 5.88 5.57 7.54 7.58 7.51 8.78 8.76 8.23 8.43 8.40 7.55

PTE (%) i 27.85 18.60 15.89 13.23 13.61 12.81 17.18 14.95 11.76 15.99 14.84 13.24

PTE1 (%) j 12.99 8.28 6.26 5.21 4.74 4.41 6.38 5.00 3.68 6.32 5.87 5.03

PTE2 (%) k 19.87 12.00 9.74 8.35 8.76 7.74 11.74 9.63 7.43 9.63 7.25 5.92

PTE3 (%) l 2.84 2.92 3.37 2.57 2.81 3.03 3.31 3.56 3.51 4.36 4.77 4.80

PTE4 (%) m 0.83 1.12 1.12 1.00 1.11 0.87 0.84 1.40 1.21 1.86 1.49 1.50
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their age and gender (see previous publications regarding 
questionnaire items and scales not used here, [23, 24]).

Statistical analyses
We drew boxplots and local regression lines to illustrate 
the data to the reader. We then modeled the associations 
between risk factors and time-varying outcomes with 
multilevel (mixed-effects) logistic regression models, 
using a random intercept to model employee-specific 
risks that are constant over the repeated monthly meas-
urements [36, 37]. All the data points (survey answers 
at given time) with all model-required variables avail-
able were used in modeling despite the employee lack-
ing some survey waves. That is, the multilevel models 
take an approach wherein each study participant con-
tributes to model estimates in proportion to study waves 
they provide a full data for. In this sense, the multilevel 
model was “made to solve” the problem of missing values 
in the outcome variable [e.g., [38], section 7.3.3]. Partici-
pants having only part of the predictor variables for one 
wave do not contribute to that wave, however. In case of 
MHI-5 outcome, 9.7% of all observations with the out-
come available lacked other model-relevant data. For ISI, 
the predictor-related attrition was 10.1%. These observa-
tions were removed during modeling because multiple 
model structures were investigated and the methods to 
impute multilevel and latent class structures are presently 
at immature phase [38]. The actual realized sample sizes 
per model are given as part of the results tables for both 
observations and persons in the model.

To understand the overall risk of psychological distress 
or sleep problems, multiple regression models were fit-
ted with different combinations of covariates in order to 
adjust their effects on each other in a controlled manner. 
The effects of calendar time in these models were taken in 
account via two routes: with polynomials of standardized 
calendar dates and/or with time-specific local COVID-19 
log-incidence per week. More specifically, we strived to 
first exhaust the effects of simple calendar time by adding 
polynomials of time until a non-significant higher order 
polynomial was encountered. Furthermore, we trans-
formed the incidence rate defined as weekly number of 
new cases r to log(r + 1) for regression modeling to lin-
earize the generally exponential growth rate of infection 
transmission.

To understand possible latent classes (clusters) of risk, 
we modeled such latent heterogeneity in mental health 
trajectories using latent class mixed models [39]. In an 
analogy to the overall-risk modeling, we first selected a 
degree for polynomial expansion that maximized Bayes-
ian information criterion for a single-class model. In a 
previous research on the general population of the UK 
[18], even such complexity-adjusted statistical fit criteria 

tended to suggest very many latent classes, and there-
fore in that study the number of classes was cut from 
the first major drop in the relative Bayesian information 
criterion values instead of seeking for an absolute mini-
mum. We also looked at that criterion and found that the 
ensuing number of classes was also favored by integrated 
complete likelihood criterion that combines Bayesian 
information criterion with entropy-based classification 
accuracy [40, 41]. In our case, only these criteria main-
tained reasonably dissociable latent classes (< 30% poste-
rior confusion probability for class membership in each 
class; see Supplementary Material for additional details) 
and were thus used. Regression predictions of latent-class 
memberships were estimated as a part of a single model 
rather than in multiple steps (i.e., without extracting each 
employees’ membership) to ensure correct propaga-
tion of uncertainty [39]. We used in the analyses R ver-
sion 4.0.2 (2020-06-22) and lme4 (version 1.1-23) and 
the lcmm (version 1.9.3) packages [37, 39].

Results
Sample characteristics
The survey waves approximately reflect the time the 
participants answered the online questionnaire, with 
some variation within the waves. Besides large variation 
between individuals (Fig. 1a), a mean-level pattern across 
the survey waves was evident for mental health (Fig. 1b), 
such that it roughly inverse-tracked the local progression 
of COVID-19 case rate (Fig. 1c). On average, the mental 
health index was low right after the first peak of the epi-
demic, increased during the subsequent relatively serene 
phase of the epidemic, and deteriorated again with the 
re-emergence of infections (Fig. 1c).

Correlates of psychological distress and sleep problems 
during a full year of pandemic conditions
Table  2 shows a set of multilevel models predicting 
clinically significant psychological distress (i.e., MHI-5 
score ≤ 52). A fifth degree polynomial of time was suffi-
cient to capture the time trends of psychological distress 
over the year of COVID-19 pandemic when incidence 
was not explicitly modeled (Model 1, Table 2). From the 
Model 1, we further observed that being a member of the 
nursing staff and having the COVID-19 contact indepen-
dently increased the risk of psychological distress. Being 
a nurse did not moderate the effect of the COVID-19 
contact, however (p = 0.105 for interaction). The differ-
ential risk of psychological distress between professions 
did not withstand adjusting for PTEs (Model 2, Table 2), 
meaning PTEs may explain it. Yet, nurses on average 
were not statistically significantly more prone to PTEs 
compared to the others (OR = 1.82, 95% CI = 0.84–3.99, 
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when adjusting age, sex, and employee-specific random 
intercept).

We then investigated the associations between 
COVID-19 incidence and psychological distress in 
healthcare workers. Despite both being fixed across 
individuals, the regional COVID-19 incidence was a 
partly independent risk factor from the polynomial 
expansion of calendar time (Models 3 vs 4 in Table 2). 
This suggests either temporally evolving mental-health 
impact of COVID-19 incidence or the emergence of 
other time-dependent processes affecting psychological 
distress than COVID-19 incidence. To test whether a 
linear time trend interacted with mental-health impact 
of COVID-19 incidence, we additionally introduced 
main effect of standardized calendar time and its inter-
action with incidence to Model 3 of Table 2 (Model 5; 
note: Model 4 did not converge with the interaction 
effect). This increased the OR of log-incidence from 

1.26 (95% CI 1.21–1.32) to 1.54 (CI = 1.42–1.68), with 
the effect of log-incidence increasing by time (inter-
action’s OR = 1.10, CI = 1.03–1.18) and with calen-
dar time itself having a risk-reducing effect (OR = 0.4, 
CI = 0.25–0.64). Given these and other evidence for 
temporally evolving mental-health effect of local inci-
dence, we turned to latent-class modeling (in below 
sub-section) to detect possible other time-dependent 
heterogeneity in mental-health trajectories during 
pandemic.

Sleep problems were studied as an outcome dis-
tinct to psychological distress. A COVID-19 contact 
also increased risk of sleep problems, whereas being 
a nurse did not (Model 1, Table  3). Relative to results 
on psychological distress, sleep problems were more 
strongly associated with provision of direct care to 
COVID-19 patients and less strongly with PTEs and 

Fig. 1 A 1-year monthly follow up of employee mental health plus local COVID-19 incidence. a) Boxplot of the 5-item Mental Health Index (MHI-5) 
by survey wave. b) Local regression estimate of MHI-5 score on exact response date (solid line) with 95% confidence intervals (dashed lines; 
note: these data start from June 2020, i.e., later than the official incidence data). c) Weekly incidence of COVID-19 locally (in Uusimaa region, total 
population 1.7 million). Solid line and left y-axis gives the incidence rates, whereas the dashed line and right y-axis re-state the time-smoothed 
average MHI-5 score from panel c for illustration purposes. Note: these incidence data are shown from beginning of the pandemic record up to our 
last survey response from the 12th survey wave #11). The incidence data are from the official open-access record by National Institute of Health and 
Welfare in Finland



Page 7 of 14Rosenström et al. BMC Psychiatry          (2022) 22:724  

local COVID-19 incidence (Table 3). However, qualita-
tively [pertaining to direction of association] the find-
ings for sleep problems were rather similar to those for 
psychological distress (Table  3 vs. 2). Temporally sta-
ble between-individual differences contributed more 
to risk of sleep problems than to risk of psychological 
distress (Table  3 vs. 2 random-effect variance), and 
sleep problems lacked dissociable effects for time vs. 
COVID-19 incidence (Table 3, Model 3 vs 4).

Latent classes in mental-health trajectories 
during a prolonged pandemic
We estimated three latent classes to underlie the 
observed trajectories of continuous-valued MHI-5 scores 
in the sample (see Methods and Supplementary Mate-
rial). As the MHI-5 score was heavily left-skewed with a 
clear upper limit (Fig. 2a), we linked it with a latent nor-
mal variate using a rescaled cumulative Beta distribution 
[39]. Figure 2b shows the average latent-class trajectories 
in these latent normal-variate units, with higher values 
implying better mental health. All the classes showed 
a rapid initial improvement of mental health after the 
shock from the first peak epidemic, but otherwise their 
trajectories differed from each other.

The employees in the third (reference) latent class 
(62% of all employees) showed relatively stable trajecto-
ries with less fluctuation compared to the other classes 
(Fig.  2b, solid line; we named this class “stable mental 

health”). The employees in the second latent class (14%) 
suffered the most from the initial shock but adjusted the 
best with the prolonged pandemic conditions (Fig.  2b, 
dashed line; “early shock, improving”). The employees 
in the first latent class (24%) seemed to suffer less than 
the others from the initial shock but more than the oth-
ers from prolonged pandemic conditions (Fig. 2b, dotted 
line; “early resilience, deteriorating”).

Age, sex, delivering direct COVID-19 care, nursing 
profession, or COVID-19 incidence were not associated 
with membership of these latent classes, however—only 
PTEs were. Some of the specific PTEs we assessed per-
tained work life, whereas others pertained infection 
transmission risk in private life (see Table  4 covariate 
descriptions). As risk of transmission ought to vary by 
living arrangements, we strived to unpack the meaning 
of the observed three latent classes by regressing them 
on both the specific PTEs and living arrangement (living 
alone) within the original latent-class mixed model (joint 
estimation). The employees in the class “early shock, 
improving” (class 2) were the most likely to live alone and 
the most likely to have experienced a PTE compared to 
the other groups (Table  4; see Supplementary Material 
for the full joint set of model parameters).

In a supplementary analysis, we modified the Model 2 
of Table 2 to show that living alone predicted psychologi-
cal distress after adjusting for PTEs and that the influ-
ence of PTEs on mental health decreased over time. The 

Table 2 Multilevel models predicting psychological distress

OR = odds ratio; CI = confidence interval; “–” = variable not in the model; Nobs = number of obser-vations, or person-waves, modeled; Nper = number of persons 
modeled); z(time) = Questionnaire answering time-variable standardized (z-score transformed) to mean 0 and variance 1; z(time)k = kth polynomial of the time 
variable; σB = Random-effect variance for between-employee differences in risk of psychological distress; A × B = interaction effect for A-by-B; "Direct care" = 
delivering direct care to COVID-19 patients
*  Logarithm of weekly COVID-19 incidence, plus one case to prevent minus infinite log-values

Model 1 
 (Nobs = 22,300; 
 Nper = 4400)

Model 2 
 (Nobs = 21,670; 
 Nper = 4366)

Model 3 
 (Nobs = 21,670; 
 Nper = 4366)

Model 4 
 (Nobs = 21,670; 
 Nper = 4366)

Model 5 
 (Nobs = 21,670; 
 Nper = 4366)

Fixed effects OR CI OR CI OR CI OR CI OR CI

z(age) 0.58 0.51–0.67 0.63 0.55–0.71 0.62 0.55–0.7 0.62 0.55–0.71 0.62 0.55–0.70

Sex (female) 2.02 1.28–3.19 1.88 1.25–2.83 1.88 1.25–2.82 1.88 1.25–2.83 1.87 1.24–2.81

Direct care 1.56 1.29–1.88 1.33 1.11–1.61 1.42 1.18–1.71 1.33 1.1–1.6 1.38 1.15–1.66

Nursing staff 1.35 1.00–1.83 1.09 0.84–1.43 1.06 0.81–1.39 1.09 0.83–1.43 1.08 0.82–1.41

PTE – – 4.59 3.86–5.45 4.81 4.06–5.71 4.57 3.85–5.43 4.61 3.88–5.47

log(r + 1)* – – – – 1.26 1.21–1.32 1.21 1.02–1.43 1.54 1.42–1.68

z(time) 2.65 2.31–3.03 2.58 2.25–2.95 – – 1.62 1.06–2.49 0.40 0.25–0.64

z(time)2 0.19 0.14–0.26 0.20 0.14–0.27 – – 0.30 0.18–0.49 – –

z(time)4 2.81 2.36–3.34 2.61 2.19–3.10 – – 2.10 1.63–2.71 – –

z(time)5 0.67 0.63–0.71 0.70 0.66–0.74 – – 0.77 0.7–0.85 – –

log(r + 1) × z(time) – – – – – – – – 1.10 1.03–1.18

Random effect

σB – 17.39 – 10.72 – 10.28 – 10.81 – 10.42



Page 8 of 14Rosenström et al. BMC Psychiatry          (2022) 22:724 

Ta
bl

e 
3 

M
ul

til
ev

el
 m

od
el

s 
pr

ed
ic

tin
g 

sl
ee

p 
pr

ob
le

m
s

O
R 
=

 o
dd

s 
ra

tio
; C

I =
 co

nfi
de

nc
e 

in
te

rv
al

; “
–”

 =
 v

ar
ia

bl
e 

no
t i

n 
th

e 
m

od
el

; N
ob

s =
 n

um
be

r o
f o

bs
er

va
tio

ns
, o

r p
er

so
n-

w
av

es
, m

od
el

ed
; N

pe
r =

 n
um

be
r o

f p
er

so
ns

 m
od

el
ed

); 
z(

tim
e)

 =
 Q

ue
st

io
nn

ai
re

 a
ns

w
er

in
g 

tim
e-

va
ria

bl
e 

st
an

da
rd

iz
ed

 (z
-s

co
re

 tr
an

sf
or

m
ed

) t
o 

m
ea

n 
0 

an
d 

va
ria

nc
e 

1;
 z

(t
im

e)
k  =

 k
th

 p
ol

yn
om

ia
l o

f t
he

 ti
m

e 
va

ria
bl

e;
 σ

B =
 R

an
do

m
-e

ffe
ct

 v
ar

ia
nc

e 
fo

r b
et

w
ee

n-
em

pl
oy

ee
 d

iff
er

en
ce

s 
in

 ri
sk

 o
f p

sy
ch

ol
og

ic
al

 
di

st
re

ss
; A

 ×
 B

 =
 in

te
ra

ct
io

n 
eff

ec
t f

or
 A

-b
y-

B;
 "D

ire
ct

 c
ar

e"
 =

 d
el

iv
er

in
g 

di
re

ct
 c

ar
e 

to
 C

O
VI

D
-1

9 
pa

tie
nt

s
*   L

og
ar

ith
m

 o
f w

ee
kl

y 
CO

VI
D

-1
9 

in
ci

de
nc

e,
 p

lu
s 

on
e 

ca
se

 to
 p

re
ve

nt
 m

in
us

 in
fin

ite
 lo

g-
va

lu
es

M
od

el
 1

M
od

el
 2

M
od

el
 3

M
od

el
 4

M
od

el
 5

(N
ob

s =
 2

2,
34

2;
 N

pe
r =

 4
40

2)
(N

ob
s =

 2
1,

71
0;

 N
pe

r =
 4

36
8)

(N
ob

s =
 2

1,
71

0;
 N

pe
r =

 4
36

8)
(N

ob
s =

 2
1,

71
0;

 N
pe

r =
 4

36
8)

(N
ob

s =
 2

1,
71

0;
 N

pe
r =

 4
36

8)

Fi
xe

d 
eff

ec
ts

O
R

C
I

O
R

C
I

O
R

C
I

O
R

C
I

O
R

C
I

z(
ag

e)
0.

84
0.

69
–1

.0
3

0.
87

0.
71

–1
.0

6
0.

86
0.

70
–1

.0
5

0.
87

0.
71

–1
.0

6
0.

86
0.

71
–1

.0
5

Se
x 

(fe
m

al
e)

1.
52

0.
75

–3
.0

8
1.

45
0.

72
–2

.9
3

1.
46

0.
72

–2
.9

5
1.

45
0.

72
–2

.9
3

1.
46

0.
72

–2
.9

4

D
ire

ct
 c

ar
e

1.
66

1.
28

–2
.1

6
1.

48
1.

14
–1

.9
3

1.
62

1.
25

–2
.1

0
1.

49
1.

14
–1

.9
4

1.
59

1.
22

–2
.0

7

N
ur

si
ng

 s
ta

ff
1.

07
0.

69
–1

.6
7

0.
99

0.
64

–1
.5

4
0.

96
0.

62
–1

.5
0

0.
99

0.
64

–1
.5

4
0.

97
0.

62
–1

.5
1

PT
E

–
–

2.
52

1.
99

–3
.2

0
2.

71
2.

14
–3

.4
2

2.
53

1.
99

–3
.2

0
2.

63
2.

07
–3

.3
2

lo
g(

r +
 1

)
–

–
–

–
1.

14
1.

08
–1

.2
1

0.
88

0.
70

–1
.1

0
1.

25
1.

11
–1

.4
0

z(
tim

e)
1.

97
1.

64
–2

.3
6

2.
02

1.
68

–2
.4

3
–

–
2.

81
1.

55
–5

.0
8

0.
47

0.
24

–0
.8

9

z(
tim

e)
2

0.
39

0.
25

–0
.6

0.
36

0.
23

–0
.5

7
–

–
0.

27
0.

14
–0

.5
3

–
–

z(
tim

e)
4

2.
04

1.
61

–2
.5

8
2.

05
1.

61
–2

.6
1

–
–

2.
39

1.
68

–3
.4

2
–

–

z(
tim

e)
5

0.
75

0.
69

–0
.8

1
0.

75
0.

69
–0

.8
1

–
–

0.
70

0.
61

–0
.8

1
–

–

lo
g(

r +
 1

) ×
 z(

tim
e)

–
–

–
–

–
–

–
–

1.
11

1.
01

–1
.2

3

Ra
nd

om
 e

ffe
ct

σ B
–

62
.8

6
–

57
.9

4
–

57
.2

5
–

57
.9

5
–

57
.2

2



Page 9 of 14Rosenström et al. BMC Psychiatry          (2022) 22:724  

second latent class could have captured some of these 
effects. Accordingly, Supplementary Material point esti-
mates (Table S3 for full breakdown) indicated that 92% 
of employees in the class “early shock, improving” expe-
rienced a PTE at baseline and 36% in the last follow-up. 

In contrast, 6% of employees in the reference class “sta-
ble mental health” experienced a PTE in baseline and 
7% in the last follow up. Across all the waves, the latent 
classes 1 (“early resilience, deteriorating”), 2 (“early 
shock, improving”), and 3 (“stable mental health”) on 

Fig. 2 Latent class mixed modeling (lcmm). a) Distribution of observations of mental health (MHI-5) scores is supported strictly on interval from 0 
to 100 and negatively skewed, suggesting re-scaled Beta distribution for the lcmm link function. b) Estimated latent trajectories from a 3-class lcmm 
model predicting MHI-5 scores with a degree 5 polynomial expansion of time, plus age and sex. The class memberships were further modeled with 
specific potentially traumatic events and living alone (Table 3; see Supplementary Material for a full set of numeric estimates). We named the latent 
classes “early resilience, deteriorating” (class 1), “early shock, improving” (class 2), and “stable mental health” (class 3, reference class)

Table 4 Multinomial regression coefficients from the class-membership part of a latent-class mixed model (see Supplementary 
Material for the entire model)

Note: Odds ratios (OR) are for class membership predictions, with 95% Wald confidence intervals (CI) given in the adjacent columns. The reference class 3 (“stable mental 
health”) was estimated to contain 62% (n = 2704) of employees in the available sample, whereas the class 1 (“early resilience, deteriorating”) contained 24% (n = 1040) and 
class 2 (“early shock, improving”) contained 14% (n = 614) of employees

Class 1 (ref. Class 3) Class 2 (ref. Class 3)

Fixed effects on class membership OR CI OR CI

PTE 1: work with COVID-19 patients shocking or burdening 2.69 1.51–4.81 12.79 7.02–23.33

PTE 2: own or close one’s risk of severe illness provoked severe anxiety 16.96 7.12–40.42 80.09 30.72–208.84

PTE 3: self or close one hospitalized for COVID-19 infection 2.33 0.86–6.28 1.82 0.51–6.47

PTE 4: relative or close one passed away due to COVID-19 infection 0.39 0.06–2.38 4.29 0.62–29.75

Living alone 1.87 1.34–2.62 3.19 1.90–5.38
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average had 25.9, 52.5, and 6.2% employees with a PTE, 
respectively, and 28.2, 33.0, and 16.9% employees who 
lived alone. Occasionally, the latent groups had very large 
prevalence differences, which explains the high OR-val-
ues in Table 4 (e.g., 79.2% vs. 0.8% prevalence for PTE2, 
“own or close one’s risk of severe illness provoked severe 
anxiety”, in classes 2 vs. 3).

Discussion
In this one-year follow up of hospital employees, 
both nursing profession and frontline pandemic work 
increased risk of psychological distress amongst health-
care workers. This long follow up also revealed a disso-
ciation of COVID-19 incidence and calendar time as risk 
factors for psychological distress, but not as risk factors 
for insomnia. As in previous reports, COVID-19-related 
PTEs remained an important risk factor for psychologi-
cal distress but the impact of the PTEs declined in time, 
whereas the impact of COVID-19 incidence increased in 
time. Our results were broadly in line with a Canadian 
follow-up study [1] but with a larger sample, monthly 
follow-ups, and modeling of latent classes. Mental health 
over the prolonging pandemic period reflected three 
latent classes, differentially associated with PTEs and 
living conditions. Each resembled one of four primary 
PTE response trajectories identified in a recent review 
[20]. We next discuss the findings in the light of the three 
study questions—prolonging pandemics and (1) psycho-
logical distress and (2) sleep problems, and (3) trajectory 
heterogeneity amongst healthcare workers.

Prolonging pandemic, pandemic work, and psychological 
distress
When we in June 2020 first initiated follow up of Finn-
ish hospital employees in HUS region [23], 43.4% of the 
employees directly involved in COVID-19 pandemic 
patient care reported potentially traumatic COVID-
19-related events—a proportion much greater than for 
personnel not in direct COVID-19 patient care (21.8%). 
While some indexes derived from social media have 
suggested a return to a new normal after first pandemic 
wave, with associated decline in anxiety [42], our follow 
up surveys half a year later revealed that also the later 
epidemic waves hit hard on the employee and popula-
tion mental well-being in Finland [24]. As elsewhere, we 
observed frontline nursing staff to be at higher risk than 
others, but in the half-year data, the effect of frontline 
work could not be differentiated from the effect of being 
a member of nursing staff [24]. Here we observed that 
both nursing profession and frontline work carried partly 
independent risks. The former effect did not withstand 
adjusting for PTEs, suggesting that nurses may either 
experience more frequent COVID-19 pandemic-related 

events or be more affected by their negative experiences 
compared to other healthcare professionals.

Irrespective of specific work assignments, increases 
in COVID-19 incidence strained the healthcare system, 
possibly implying higher work load or more difficult work 
to the employees, which could lead to subsequent work 
stress and psychological distress. Such adverse effects 
on mental health could alleviate as the system and its 
employees adjusts to high COVID-19 incidence, but they 
could also increase due to stress prolongation or moral 
injuries (symptoms resulting from being unable to pro-
vide known-to-be-good care and thereby violating core 
moral beliefs) [11]. Indeed, we found both that high con-
temporary incidence increased the risk for psychologi-
cal distress and that this effect was partly independent 
of time (i.e., COVID-19 incidence had an independent 
effect on psychological distress even after adjusting for 
calendar time). Our finding that the effect of COVID-19 
incidence on psychological distress seemed to increase 
rather than decrease in time appears to speak against the 
“adjusting to situation” –hypothesis. We return to other 
explanations upon comparing the mental-health findings 
to sleep problems in below.

In all our models, experiencing a PTE consistently 
associated with four- to five-fold risk of psychological dis-
tress, but these experiences did not distribute uniformly 
in time. Although Finland was less affected by the first 
COVID-19 waves than many other European countries 
[43], health care workers faced situations which could 
induce moral injury [44], and there was shortage of per-
sonal protective equipment in the early phase of the pan-
demic which may have increased the fear of getting the 
infection and infecting others. In addition, the novelty of 
the threat in itself may have evoked anxiety. Accordingly, 
we observed the greatest rates of reported PTEs amongst 
the personnel during the first survey waves, and PTEs 
had greatest effect on psychological distress at that time 
(Table 1 and Supplementary Material Table S1). These are 
merely population-mean trends, however. The pandemic 
does not treat all people the same, but its psychological 
consequences are associated with individual differences 
e.g. in personal resources and social and demographic 
factors [18, 45]. We return to PTEs in our discussion on 
heterogeneity of mental health trajectories in below.

Prolonging pandemic and sleep problems
We examined both psychological distress and sleep 
problems as outcomes of pandemic working conditions. 
Sleep problems are a common first psychiatric symp-
tom in prolonged stress and reciprocal relations between 
insomnia and perceived work stress have been previ-
ously established [46]. More generally, unmanageable 
stress may lead to insomnia via hyper-arousal, whereas 



Page 11 of 14Rosenström et al. BMC Psychiatry          (2022) 22:724  

fragmented sleep may exacerbate daytime distress via 
emotional dysregulation [47]. The association between 
COVID-19-related stress and sleep disturbance among 
health care personnel and the general population has 
been shown in earlier studies [48, 49]. Non-COVID-19 
studies suggest that low-intensity, mass-deployable treat-
ments for insomnia might generally alleviate common 
mental health problems [10, 50]. But do sleep problems 
react to prolonged COVID-19-related stress similarly to 
psychological distress or do these outcomes part ways as 
the pandemic conditions continue?

Here, we found both similarities and differences for 
sleep problems and psychological distress in the hos-
pital employees. Both treating COVID-19 patients and 
experiencing PTEs were risk factors for both psychologi-
cal distress and sleep problems, but treating COVID-19 
patients had an effect of a comparable magnitude on 
these outcomes whereas PTEs had almost two times 
higher effect on psychological distress compared to sleep 
problems. Furthermore, COVID-19 incidence had an 
independent effect on psychological distress even after 
adjusting for calendar time, whereas it did not have such 
an effect on sleep problems. Notably, the local incidence 
varied in time but was the same for all the employees. 
The same was true for the fifth degree polynomial expan-
sion of time already in the model. Thus, the observation 
of partial independence between incidence and time in 
predicting psychological distress specifically suggests 
that novel kinds of incidence effects on psychologi-
cal distress, but not on sleep, emerged over time. Why 
might direct patient burden have more prominent time-
evolving influence on psychological distress than on sleep 
problems? Whereas earlier COVID-19 studies have high-
lighted sleep problems [4, 5] and moral injuries in health-
care workers [11, 44], during our full year of pandemic 
conditions, we may already begin to see downstream 
mental-health effects of these early indicators of pro-
longed stress. As the pandemic prolongs, transient stress 
reactions versus accumulating adversity may increasingly 
predict differential health outcomes.

Latent heterogeneity in one-year mental-health 
trajectories
We also found evidence for the existence of latent sub-
groups amongst the healthcare workers, or latent classes, 
in which the average trajectories through the pandemic 
differed across the sub-groups. Employees in the class 
“early shock, improving” (class 2 in Fig. 2b) experienced 
great psychological distress during the first survey waves 
but recovered and stayed at the higher mental-health 
level thereafter. This minority group thus appeared rat-
tled but not affected in the long term in what comes to 
mental health. Membership in this latent group was 

predicted particularly by having experienced work with 
COVID-19 patients shocking or burdening or having 
severe anxiety related to own or close one’s risk of severe 
illness. It may be that these people had experienced 
moral distress [51] and may also have suffered from the 
lack of protective equipment in the early phases of the 
pandemic, and may have lacked social support due to liv-
ing alone. The initial distress experienced by this group 
alleviated when the treatment protocols of COVID-19 
patients improved, shortage of protective equipment alle-
viated and COVID-19 vaccinations became available.

The majority of the employees followed a steadier 
mental-health trajectory throughout the pandemic (class 
3 of Fig. 2b: “Stable mental health”), but another minor-
ity sub-group appeared to be relatively well at the begin-
ning but suffered from the prolonged pandemic (class 
1 of Fig.  2b: “early resilience, deteriorating”). This sub-
group could contain employees experiencing stronger 
double-burden with a situation of a family struggling 
to cope with the pandemic conditions of the surround-
ing society [18], or individuals whose everyday life and 
activities were affected by the pandemic restrictions [45]. 
They may also represent a group coping well with acute 
stress and emergency work re-arrangements, but gradu-
ally decompensating with the prolonged extra workload 
and responsibility. Increased quantitative and qualitative 
personnel demands, with shattered work teams, abrupt 
transfers of personnel, restricted vacations, and chal-
lenges to learn, adapt and teach new practices may pose 
long term stressors with deficient options for recovery. 
Such conditions may also expose healthcare personnel to 
moral injuries due to not being able to provide treatment 
and attention the patients need [11, 52]. When interpret-
ing these groups in terms of the COVID-19 pandemic, 
however, one should keep in mind that they may as well, 
or perhaps at the same time, reflect general phenotypic 
trajectories of human mental-health response to PTEs 
[20]. Our “stable mental health” group resembled the 
“resilience” cluster detected in a recent review of such 
general trajectories, while the “early shock, improving” 
group resembled “recovery” cluster, and the “early resil-
ience, deteriorating” resembled “delayed onset” of men-
tal-health problems [20].

Further research on how healthcare employees’ and 
their families have been affected by the pandemic seems 
important for ensuring societal resilience to such con-
ditions. Work efficacy of employees might significantly 
suffer from having to worry about how to manage 
financially or otherwise if a spouse has lost a job or the 
usual day-care arrangements have been compromised 
[53]. Financial difficulties have emerged as a risk factor 
of mental-health problems during the COVID-19 pan-
demic in previous studies of the UK general population 
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[18, 19]. In our study, living alone was a risk factor for 
psychological distress but also predicted membership in 
the latent class where mental health improved from the 
initial shock. This pattern may pertain to the dual role of 
loneliness as a factor weakening general mental-health 
resilience on one hand [54–56] and as an obvious factor 
protecting from anxiety-provoking viral transmission 
risk and from risk of household re-arrangements related 
to COVID-19.

In our previous half-year follow-up paper [24], the 
data restricted our ability to adjust the exposure of 
direct COVID-19-care for belonging to nursing staff 
because the nursing staff had most of the early COVID-
19 patient contacts. In the Model 1 of this longer follow 
up, we observed that both being a member of the nursing 
staff and having the COVID-19 contact independently 
increased the risk of psychological distress. In other 
words, profession may be a protective factor against 
COVID-19 contacts but not against the consequences 
of a contact. A COVID-19 contact also increased risk of 
sleep problems, whereas being a member of the nursing 
staff did not. The differential mental-health risk between 
professions did not withstand adjusting for potentially 
traumatic events, however (Model 2, Table  3), although 
nursing staff on average was not statistically significantly 
more prone to such events (OR = 1.82, 95% CI = 0.84–
3.99, when adjusting age, sex, and employee-specific ran-
dom intercept).

Strengths and limitations
Findings of this study should be interpreted in the light of 
its limitations. First, the response rate to the baseline sur-
vey was relatively low (19%), which could pertain to dif-
ficulties in reaching employees with an electronic survey 
in the middle of pandemic work. Our ability to keep this 
initial sample through the follow up was comparatively 
better, however. Therein, our relatively dense (monthly) 
follow-up sampling may have been a strength, as many 
who did not fill in the first follow-up survey nevertheless 
did have a chance to participate in some of the later sur-
veys (47% re-participated to the first follow up but 82% to 
at least one of the follow ups). The published 2020 per-
sonnel composition differed from our baseline sample 
(Table 1) only slightly and to the direction typical in sur-
veys, with an overrepresentation of women (89% in sam-
ple vs. 84% in HR report), older employees (average age 
46.7 years vs. 43.5 years), and therefore also nurses who 
are predominantly women (63% vs. 54%) [57].

Second, we had limited data on socioeconomic back-
ground, living conditions, and other individual dif-
ferences (e.g., personality) that may affect how the 
employees cope with pandemic working conditions. 
However, one would expect many of such factors to 

change slowly relative to stressors during a year of pan-
demic conditions, and therefore our densely sampling 
surveys are likely to provide a good overall picture on 
how the respondents and the employee-population they 
represent responded to the investigated time-dependent 
mental-health risk factors.

Conclusions
As the pandemic conditions exceeded a full year, health-
care workers transient stress reactions as indexed by 
sleep problems showed both similarities and differences 
in their correlates compared to general psychological 
distress. Effects of PTEs and local COVID-19 incidence 
on psychological distress were visible and changed in 
time. Furthermore, the mental-health trajectories of the 
employees under the pandemic year clustered to three 
distinguishable classes, suggesting latent sources of het-
erogeneity in how they fared. Hence, while important, 
meta-analytic work combining cross-sectional estimates 
in the field risks diluting important sources of mental 
health. Exposure to direct pandemic patient work, poten-
tially traumatic events related to it, and local burden of 
transmission may all have influenced employee mental 
well-being throughout a year of COVID-19 pandemic 
conditions. However, in addition to controlling such 
established exposures, continuously following how indi-
vidual employees cope with the pandemic and assessing 
need for psychosocial support may be important for both 
research and human resources if we are unable to rid 
ourselves from COVID-19 entirely or when future infec-
tious diseases arise.

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s12888- 022- 04389-x.

Additional file 1. Supplementary Material. Healthcare workers’ heteroge-
neous mental-health responses to prolonging Covid-19 pandemic: A full 
year of monthly follow up in Finland. Supplementary data on a Logistic 
regression mixed model and on the latent class mixture models.

Acknowledgements
Not applicable.

Authors’ contributions
TR, KT, JS, EP, KJ, HH, TH, PJ, TL made substantial contributions to the con-
ception and design of the work and acquisition of data and materials. TR 
conducted data analyses and wrote the initial manuscript draft. TR, KT, JS, EP, 
KJ, HH, ME, TH, PJ, TL made substantial contributions to interpretation of data 
and to revisions of the initial draft. All these authors have read and approved 
the final manuscript and take responsibility of it.

Funding
TR was supported by the Academy of Finland (grant numbers 334057 and 
335901) and HUS Helsinki University Hospital. Open access funded by Helsinki 
University Library. The funding bodies had no role in the design of the study, 
in collection, analysis, and interpretation of the data, nor in writing of the 
manuscript.

https://doi.org/10.1186/s12888-022-04389-x
https://doi.org/10.1186/s12888-022-04389-x


Page 13 of 14Rosenström et al. BMC Psychiatry          (2022) 22:724  

Availability of data and materials
The data are not publicly available due to privacy restrictions. Regarding 
access, please contact the principal investigator Tanja Laukkala (Tanja. Laukk 
ala@ hus. fi). Regarding need to access analysis scripts beyond the online Sup-
plementary Material, please contact the corresponding author.

Declarations

Ethics approval and consent to participate
The study was conducted according to the guidelines of the Declaration of 
Helsinki, and approved by the Ethics Committee of the Helsinki University 
Hospital (protocol code HUS/1488/2020 6 May 2020). Permission to conduct 
the study was obtained from the HUS Joint Resources. Informed consent was 
obtained from all subjects involved in the study.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Department of Psychology and Logopedics, Faculty of Medicine, University 
of Helsinki, 00014 Helsinki, Finland. 2 Department of Psychiatry, University 
of Helsinki and Acute Psychiatry and Consultations, HUS Helsinki University 
Hospital, 00029 Helsinki, Finland. 3 Finnish Institute for Health and Welfare, 
Mental Health Team, 00271 Helsinki, Finland. 4 Faculty of Social Sciences, 
Tampere University, 33100 Tampere, Finland. 5 Nursing Research Center, HUS 
Helsinki University Hospital and University of Helsinki, 00029 Helsinki, Finland. 
6 Finnish Institute for Health and Welfare, Health Services Research, 00271 Hel-
sinki, Finland. 

Received: 13 June 2022   Accepted: 11 November 2022

References
 1. Maunder RG, Heeney ND, Hunter JJ, et al. Trends in burnout and 

psychological distress in hospital staff over 12 months of the COVID-
19 pandemic: a prospective longitudinal survey. J Occup Med Toxicol. 
2022;17:11. https:// doi. org/ 10. 1186/ s12995- 022- 00352-4.

 2. Xiong J, Lipsitz O, Nasri F, et al. Impact of COVID-19 pandemic on mental 
health in the general population: a systematic review. J Affect Disord. 
2020;277:55–64. https:// doi. org/ 10. 1016/j. jad. 2020. 08. 001.

 3. Vindegaard N, Benros ME. COVID-19 pandemic and mental health conse-
quences: systematic review of the current evidence. Brain Behav Immun. 
2020;89:531–42. https:// doi. org/ 10. 1016/j. bbi. 2020. 05. 048.

 4. Cénat JM, Blais-Rochette C, Kokou-Kpolou CK, et al. Prevalence of 
symptoms of depression, anxiety, insomnia, posttraumatic stress disorder, 
and psychological distress among populations affected by the COVID-
19 pandemic: a systematic review and meta-analysis. Psychiatry Res. 
2021;295:113599. https:// doi. org/ 10. 1016/j. psych res. 2020. 113599.

 5. Wu T, Jia X, Shi H, et al. Prevalence of mental health problems during 
the COVID-19 pandemic: a systematic review and meta-analysis. J Affect 
Disord. 2021;281:91–8. https:// doi. org/ 10. 1016/j. jad. 2020. 11. 117.

 6. Lallukka T, Haaramo P, Lahelma E, Rahkonen O. Sleep problems and 
disability retirement: a register-based follow-up study. Am J Epidemiol. 
2011;173:871–81. https:// doi. org/ 10. 1093/ aje/ kwq462.

 7. Lallukka T, Kaikkonen R, Härkänen T, et al. Sleep and sickness absence: 
a nationally representative register-based follow-up study. Sleep. 
2014;37:1413–25. https:// doi. org/ 10. 5665/ sleep. 3986.

 8. AlRasheed MM, Fekih-Romdhane F, Jahrami H, et al. The prevalence and 
severity of insomnia symptoms during COVID-19: a global systematic 
review and individual participant data meta-analysis. Sleep Med Online 
ahead of print. 2022. https:// doi. org/ 10. 1016/j. sleep. 2022. 06. 020.

 9. van der Plaat DA, Edge R, Coggon D, et al. Impact of COVID-19 pandemic 
on sickness absence for mental ill health in National Health Service 
staff. BMJ Open. 2021;11:e054533. https:// doi. org/ 10. 1136/ bmjop 
en- 2021- 054533.

 10. Stenberg J-H, Ritola V, Joffe G, et al. Effectiveness of mobile delivered 
therapist assisted cognitive behavioral therapy for insomnia in nation-
wide routine clinical care in Finland. J Clin Sleep Med. 2022;18(11):2643–
51. https:// doi. org/ 10. 5664/ jcsm. 10186.

 11. Mantri S, Song YK, Lawson JM, et al. Moral injury and burnout in health 
care professionals during the COVID-19 pandemic. J Nerv Ment Dis. 
2021;209:720–6. https:// doi. org/ 10. 1097/ NMD. 00000 00000 001367.

 12. Virtanen M, Terho K, Oksanen T, et al. Patients with infectious dis-
eases, overcrowding, and health in hospital staff. Arch Intern Med. 
2011;171:1296–8. https:// doi. org/ 10. 1001/ archi ntern med. 2011. 313.

 13. Virtanen M, Batty GD, Pentti J, et al. Patient overcrowding in hospital 
wards as a predictor of diagnosis-specific mental disorders among staff: 
a 2-year prospective cohort study. J Clin Psychiatry. 2010;71:1308–12. 
https:// doi. org/ 10. 4088/ JCP. 09m05 238blu.

 14. Kivimäki M, Vahtera J, Kawachi I, et al. Psychosocial work environment 
as a risk factor for absence with a psychiatric diagnosis: an instrumental-
variables analysis. Am J Epidemiol. 2010;172:167–72. https:// doi. org/ 10. 
1093/ aje/ kwq094.

 15. De Kock JH, Latham HA, Leslie SJ, et al. A rapid review of the impact of 
COVID-19 on the mental health of healthcare workers: implications for 
supporting psychological well-being. BMC Public Health. 2021;21:104. 
https:// doi. org/ 10. 1186/ s12889- 020- 10070-3.

 16. da Silva Neto RM, Benjamim CJR, de Medeiros Carvalho PM, Neto MLR. 
Psychological effects caused by the COVID-19 pandemic in health profes-
sionals: a systematic review with meta-analysis. Prog Neuro-Psychophar-
macol Biol Psychiatry. 2021;104:110062. https:// doi. org/ 10. 1016/j. pnpbp. 
2020. 110062.

 17. Moitra M, Rahman M, Collins PY, et al. Mental health consequences for 
healthcare workers during the COVID-19 pandemic: a scoping review to 
draw lessons for LMICs. Front Psychiatry. 2021;12:602614. https:// doi. org/ 
10. 3389/ fpsyt. 2021. 602614.

 18. Pierce M, McManus S, Hope H, et al. Mental health responses to the 
COVID-19 pandemic: a latent class trajectory analysis using longitudinal 
UK data. Lancet Psychiatry. 2021;8:610–9. https:// doi. org/ 10. 1016/ S2215- 
0366(21) 00151-6.

 19. Chandola T, Kumari M, Booker CL, Benzeval M. The mental health impact 
of COVID-19 and lockdown-related stressors among adults in the UK. 
Psychol Med Epub ahead of print. 2020:1–10. https:// doi. org/ 10. 1017/ 
S0033 29172 00050 48.

 20. Galatzer-Levy IR, Huang SH, Bonanno GA. Trajectories of resilience and 
dysfunction following potential trauma: a review and statistical evalua-
tion. Clin Psychol Rev. 2018;63:41–55. https:// doi. org/ 10. 1016/j. cpr. 2018. 
05. 008.

 21. Mediavilla R, Fernández-Jiménez E, Martinez-Morata I, et al. Sustained 
negative mental health outcomes among healthcare workers over the 
first year of the COVID-19 pandemic: a prospective cohort study. Int J 
Public Health. 2022;67:1604553. https:// doi. org/ 10. 3389/ ijph. 2022. 16045 
53.

 22. Dufour M-M, Bergeron N, Rabasa A, et al. Assessment of psychologi-
cal distress in health-care workers during and after the first wave of 
COVID-19: a Canadian longitudinal study: Évaluation de la Détresse 
Psychologique chez les Travailleurs de la Santé Durant et Après la Premi-
ère vague de la COVID-19: Une étude longitudinale canadienne. Can J 
Psychiatr. 2021;66:807–14. https:// doi. org/ 10. 1177/ 07067 43721 10252 17.

 23. Haravuori H, Junttila K, Haapa T, et al. Personnel well-being in the Helsinki 
University hospital during the COVID-19 pandemic-a prospective cohort 
study. Int J Environ Res Public Health. 2020;17:E7905. https:// doi. org/ 10. 
3390/ ijerp h1721 7905.

 24. Laukkala T, Suvisaari J, Rosenström T, et al. COVID-19 pandemic and Hel-
sinki University hospital personnel psychological well-being: six-month 
follow-up results. Int J Environ Res Public Health. 2021;18:2524. https:// 
doi. org/ 10. 3390/ ijerp h1805 2524.

 25. Pekkarinen L, Elovainio M, Sinervo T, et al. Nursing working conditions 
in relation to restraint practices in long-term care units. Med Care. 
2006;44:1114–20. https:// doi. org/ 10. 1097/ 01. mlr. 00002 37198. 90970. 64.

 26. Pekkarinen L, Sinervo T, Elovainio M, et al. Drug use and pressure ulcers 
in long-term care units: do nurse time pressure and unfair management 
increase the prevalence? J Clin Nurs. 2008;17:3067–73. https:// doi. org/ 10. 
1111/j. 1365- 2702. 2008. 02445.x.

Tanja.Laukkala@hus.fi
Tanja.Laukkala@hus.fi
https://doi.org/10.1186/s12995-022-00352-4
https://doi.org/10.1016/j.jad.2020.08.001
https://doi.org/10.1016/j.bbi.2020.05.048
https://doi.org/10.1016/j.psychres.2020.113599
https://doi.org/10.1016/j.jad.2020.11.117
https://doi.org/10.1093/aje/kwq462
https://doi.org/10.5665/sleep.3986
https://doi.org/10.1016/j.sleep.2022.06.020
https://doi.org/10.1136/bmjopen-2021-054533
https://doi.org/10.1136/bmjopen-2021-054533
https://doi.org/10.5664/jcsm.10186
https://doi.org/10.1097/NMD.0000000000001367
https://doi.org/10.1001/archinternmed.2011.313
https://doi.org/10.4088/JCP.09m05238blu
https://doi.org/10.1093/aje/kwq094
https://doi.org/10.1093/aje/kwq094
https://doi.org/10.1186/s12889-020-10070-3
https://doi.org/10.1016/j.pnpbp.2020.110062
https://doi.org/10.1016/j.pnpbp.2020.110062
https://doi.org/10.3389/fpsyt.2021.602614
https://doi.org/10.3389/fpsyt.2021.602614
https://doi.org/10.1016/S2215-0366(21)00151-6
https://doi.org/10.1016/S2215-0366(21)00151-6
https://doi.org/10.1017/S0033291720005048
https://doi.org/10.1017/S0033291720005048
https://doi.org/10.1016/j.cpr.2018.05.008
https://doi.org/10.1016/j.cpr.2018.05.008
https://doi.org/10.3389/ijph.2022.1604553
https://doi.org/10.3389/ijph.2022.1604553
https://doi.org/10.1177/07067437211025217
https://doi.org/10.3390/ijerph17217905
https://doi.org/10.3390/ijerph17217905
https://doi.org/10.3390/ijerph18052524
https://doi.org/10.3390/ijerph18052524
https://doi.org/10.1097/01.mlr.0000237198.90970.64
https://doi.org/10.1111/j.1365-2702.2008.02445.x
https://doi.org/10.1111/j.1365-2702.2008.02445.x


Page 14 of 14Rosenström et al. BMC Psychiatry          (2022) 22:724 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

 27. Halonen JI, Hiilamo A, Butterworth P, et al. Psychological distress and sick-
ness absence: within- versus between-individual analysis. J Affect Disord. 
2020;264:333–9. https:// doi. org/ 10. 1016/j. jad. 2020. 01. 006.

 28. Sub-national HDI - Subnational HDI - Table - Global Data Lab. https:// 
globa ldata lab. org/ shdi/ shdi/ FIN/. Accessed 16 Aug 2022.

 29. McHorney CA, Ware JE. Construction and validation of an alternate form 
general mental health scale for the medical outcomes study short-form 
36-item health survey. Med Care. 1995;33:15–28. https:// doi. org/ 10. 1097/ 
00005 650- 19950 1000- 00002.

 30. Rumpf HJ, Meyer C, Hapke U, John U. Screening for mental health: validity 
of the MHI-5 using DSM-IV Axis I psychiatric disorders as gold standard. 
Psychiatry Res. 2001;105:243–53. https:// doi. org/ 10. 1016/ s0165- 1781(01) 
00329-8.

 31. Cuijpers P, Smits N, Donker T, et al. Screening for mood and anxiety disor-
ders with the five-item, the three-item, and the two-item mental health 
inventory. Psychiatry Res. 2009;168:250–5. https:// doi. org/ 10. 1016/j. psych 
res. 2008. 05. 012.

 32. Elovainio M, Hakulinen C, Pulkki-Råback L, et al. General health question-
naire (GHQ-12), Beck depression inventory (BDI-6), and mental health 
index (MHI-5): psychometric and predictive properties in a Finnish 
population-based sample. Psychiatry Res. 2020;289:112973. https:// doi. 
org/ 10. 1016/j. psych res. 2020. 112973.

 33. Viertiö S, Kiviruusu O, Piirtola M, et al. Factors contributing to psychologi-
cal distress in the working population, with a special reference to gender 
difference. BMC Public Health. 2021;21:611. https:// doi. org/ 10. 1186/ 
s12889- 021- 10560-y.

 34. Bastien CH, Vallières A, Morin CM. Validation of the insomnia sever-
ity index as an outcome measure for insomnia research. Sleep Med. 
2001;2:297–307. https:// doi. org/ 10. 1016/ s1389- 9457(00) 00065-4.

 35. Morin CM, Belleville G, Bélanger L, Ivers H. The insomnia severity index: 
psychometric indicators to detect insomnia cases and evaluate treat-
ment response. Sleep. 2011;34:601–8. https:// doi. org/ 10. 1093/ sleep/ 34.5. 
601.

 36. Gelman A, Hill J. Data analysis using regression and multilevel/hierarchi-
cal models. New York: Cambridge University Press; 2007.

 37. Bates D, Mächler M, Bolker B, Walker S. Fitting linear mixed-effects models 
using lme4. J Stat Softw. 2015;67:1–48. https:// doi. org/ 10. 18637/ jss. v067. 
i01.

 38. van Buuren S (2018) Flexible Imputation of Missing Data, Second Edition. 
https:// stefv anbuu ren. name/ fimd/. Accessed 7 Jun 2022.

 39. Proust-Lima C, Philipps V, Liquet B. Estimation of extended mixed models 
using latent classes and latent processes: the R package lcmm. J Stat 
Softw. 2017;78:1–56. https:// doi. org/ 10. 18637/ jss. v078. i02.

 40. Biernacki C, Celeux G, Govaert G. Assessing a mixture model for clustering 
with the integrated completed likelihood. IEEE Trans Pattern Anal Mach 
Intell. 2000;22:719–25. https:// doi. org/ 10. 1109/ 34. 865189.

 41. van der Nest G, Lima Passos V, Candel MJJM, van Breukelen GJP. An 
overview of mixture modelling for latent evolutions in longitudinal data: 
modelling approaches, fit statistics and software. Adv Life Course Res. 
2020;43:100323. https:// doi. org/ 10. 1016/j. alcr. 2019. 100323.

 42. Saha K, Torous J, Caine ED, Choudhury MD. Psychosocial effects of the 
COVID-19 pandemic: large-scale quasi-experimental study on social 
media. J Med Internet Res. 2020;22:e22600. https:// doi. org/ 10. 2196/ 
22600.

 43. Nørgaard SK, Vestergaard LS, Nielsen J, et al. Real-time monitoring shows 
substantial excess all-cause mortality during second wave of COVID-19 
in Europe, October to December 2020. Euro Surveill. 2021;26. https:// doi. 
org/ 10. 2807/ 1560- 7917. ES. 2021. 26.1. 20020 23.

 44. Williams RD, Brundage JA, Williams EB. Moral injury in times of COVID-
19. J Health Serv Psychol. 2020;46:65–9. https:// doi. org/ 10. 1007/ 
s42843- 020- 00011-4.

 45. Modersitzki N, Phan LV, Kuper N, Rauthmann JF. Who is impacted? 
Personality predicts individual differences in psychological consequences 
of the COVID-19 pandemic in Germany. Soc Psychol Personal Sci. 
2021;12:1110–30. https:// doi. org/ 10. 1177/ 19485 50620 952576.

 46. Garefelt J, Platts LG, Hyde M, et al. Reciprocal relations between work 
stress and insomnia symptoms: a prospective study. J Sleep Res. 
2020;29:e12949. https:// doi. org/ 10. 1111/ jsr. 12949.

 47. Kalmbach DA, Cuamatzi-Castelan AS, Tonnu CV, et al. Hyperarousal and 
sleep reactivity in insomnia: current insights. Nat Sci Sleep. 2018;10:193–
201. https:// doi. org/ 10. 2147/ NSS. S1388 23.

 48. Wang S, Xie L, Xu Y, et al. Sleep disturbances among medical workers dur-
ing the outbreak of COVID-2019. Occup Med. 2020;70:364–9. https:// doi. 
org/ 10. 1093/ occmed/ kqaa0 74.

 49. Casagrande M, Favieri F, Tambelli R, Forte G. The enemy who sealed 
the world: effects quarantine due to the COVID-19 on sleep quality, 
anxiety, and psychological distress in the Italian population. Sleep Med. 
2020;75:12–20. https:// doi. org/ 10. 1016/j. sleep. 2020. 05. 011.

 50. Cheng P, Luik AI, Fellman-Couture C, et al. Efficacy of digital CBT for 
insomnia to reduce depression across demographic groups: a rand-
omized trial. Psychol Med. 2019;49:491–500. https:// doi. org/ 10. 1017/ 
S0033 29171 80011 13.

 51. Rosen A, Cahill JM, Dugdale LS. Moral injury in health care: identification 
and repair in the COVID-19 era. J Gen Intern Med Online ahead of print. 
2022. https:// doi. org/ 10. 1007/ s11606- 022- 07761-5.

 52. Kopacz MS, Ames D, Koenig HG. It’s time to talk about physician burnout 
and moral injury. Lancet Psychiatry. 2019;6:e28. https:// doi. org/ 10. 1016/ 
S2215- 0366(19) 30385-2.

 53. Marsden KM, Robertson IK, Porter J. Stressors, manifestations and course 
of COVID-19 related distress among public sector nurses and midwives 
during the COVID-19 pandemic first year in Tasmania. Australia PLoS One. 
2022;17:e0271824. https:// doi. org/ 10. 1371/ journ al. pone. 02718 24.

 54. Rook KS. Research on social support, loneliness, and social isolation: 
toward an integration. Rev Pers Soc Psychol. 1984;5:239–64.

 55. Elovainio M, Hakulinen C, Pulkki-Råback L, et al. Contribution of risk 
factors to excess mortality in isolated and lonely individuals: an analysis 
of data from the UK biobank cohort study. Lancet Public Health. 
2017;2:e260–6. https:// doi. org/ 10. 1016/ S2468- 2667(17) 30075-0.

 56. MacDonald G, Leary MR. Why does social exclusion hurt? The relationship 
between social and physical pain. Psychol Bull. 2005;131:202–23. https:// 
doi. org/ 10. 1037/ 0033- 2909. 131.2. 202.

 57. HUS. HUS Henkilöstökertomus (HUS human resources report). Helsinki: 
Helsingin ja Uudenmaan Sairaanhoitopiiri; 2020.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1016/j.jad.2020.01.006
https://globaldatalab.org/shdi/shdi/FIN/
https://globaldatalab.org/shdi/shdi/FIN/
https://doi.org/10.1097/00005650-199501000-00002
https://doi.org/10.1097/00005650-199501000-00002
https://doi.org/10.1016/s0165-1781(01)00329-8
https://doi.org/10.1016/s0165-1781(01)00329-8
https://doi.org/10.1016/j.psychres.2008.05.012
https://doi.org/10.1016/j.psychres.2008.05.012
https://doi.org/10.1016/j.psychres.2020.112973
https://doi.org/10.1016/j.psychres.2020.112973
https://doi.org/10.1186/s12889-021-10560-y
https://doi.org/10.1186/s12889-021-10560-y
https://doi.org/10.1016/s1389-9457(00)00065-4
https://doi.org/10.1093/sleep/34.5.601
https://doi.org/10.1093/sleep/34.5.601
https://doi.org/10.18637/jss.v067.i01
https://doi.org/10.18637/jss.v067.i01
https://stefvanbuuren.name/fimd/
https://doi.org/10.18637/jss.v078.i02
https://doi.org/10.1109/34.865189
https://doi.org/10.1016/j.alcr.2019.100323
https://doi.org/10.2196/22600
https://doi.org/10.2196/22600
https://doi.org/10.2807/1560-7917.ES.2021.26.1.2002023
https://doi.org/10.2807/1560-7917.ES.2021.26.1.2002023
https://doi.org/10.1007/s42843-020-00011-4
https://doi.org/10.1007/s42843-020-00011-4
https://doi.org/10.1177/1948550620952576
https://doi.org/10.1111/jsr.12949
https://doi.org/10.2147/NSS.S138823
https://doi.org/10.1093/occmed/kqaa074
https://doi.org/10.1093/occmed/kqaa074
https://doi.org/10.1016/j.sleep.2020.05.011
https://doi.org/10.1017/S0033291718001113
https://doi.org/10.1017/S0033291718001113
https://doi.org/10.1007/s11606-022-07761-5
https://doi.org/10.1016/S2215-0366(19)30385-2
https://doi.org/10.1016/S2215-0366(19)30385-2
https://doi.org/10.1371/journal.pone.0271824
https://doi.org/10.1016/S2468-2667(17)30075-0
https://doi.org/10.1037/0033-2909.131.2.202
https://doi.org/10.1037/0033-2909.131.2.202

	Healthcare workers’ heterogeneous mental-health responses to prolonging COVID-19 pandemic: a full year of monthly follow up in Finland
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Setting and participants
	Procedures
	Measures
	Statistical analyses

	Results
	Sample characteristics
	Correlates of psychological distress and sleep problems during a full year of pandemic conditions
	Latent classes in mental-health trajectories during a prolonged pandemic

	Discussion
	Prolonging pandemic, pandemic work, and psychological distress
	Prolonging pandemic and sleep problems
	Latent heterogeneity in one-year mental-health trajectories
	Strengths and limitations

	Conclusions
	Acknowledgements
	References


