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Anxiety in the adult population
from the onset to termination

of social distancing protocols
during the COVID-19: a 20-month
longitudinal study

Asle Hoffart2*?, Daniel J. Bauer?, Sverre Urnes Johnson? & Omid V.- Ebrahimi-?

The social distancing protocols (SDPs) implemented as a response to the COVID-19 pandemic may
seriously influence peoples’ mental health. We used a sample of 4361 Norwegian adults recruited
online and stratified to be nationally representative to investigate the evolution of anxiety following
each modification in national SDPs across a 20-month period from the onset of the pandemic to the
reopening of society and discontinuation of SDPs. The mean anxiety level fluctuated throughout the
observation period and these fluctuations were related to the stringency of the modified SDPs. Those
with a high initial level almost in unison showed a substantial and lasting decrease of anxiety after

the first lifting of SDPs. A sub-group of 9% had developed a persistent anxiety state during the first

3 months. Younger age, pre-existing psychiatric diagnosis, and use of unverified information platforms
proved to predict marked higher anxiety in the long run. In conclusion, individuals with a high level of
anxiety at the outbreak of the pandemic improved when the social distancing protocols were lifted. By
contrast, a sizeable subgroup developed lasting clinical levels of anxiety during the first 3 months of
the pandemic and is vulnerable to prolonged anxiety beyond the pandemic period.

The COVID-19 pandemic and the accompanying social distancing protocols (SDPs) have been associated with
an increase in adverse mental health symptoms’. In particular, and not least due to the life-threatening nature of
the virus, anxiety symptoms and disorders have increased® A systematic review of data reporting the prevalence
of anxiety disorders during the COVID-19 in 2020 estimated an additional 76.2 million (64.3 to 90.6) cases
globally, an increase of 25.6% (23.2 to 28.0)°.

There are divergent hypotheses about the further course of anxiety beyond the pandemic outbreak. A trauma
perspective on reaction to crises such as pandemics suggests that an initial short-term increase in anxiety is fol-
lowed by recovery*®. On the other hand, research on previous pandemics have indicated a long-term heightening
of anxiety lasting beyond the pandemic®. Moreover, a few longitudinal studies extended into 2021 - the longest
to July 20217—have reported that a high anxiety level at the COVID-19 outbreak has persisted or increased’'°.
Thus, there is a need to examine the temporal development of anxiety in the population until the pandemic is
under control and the use of SDPs is terminated.

Moreover, fear of infection and general anxiety may fluctuate as related to stringent SDPs (e.g., lockdown
signalling danger), by lightning and removal of SDPs (e.g., less social distancing and more danger of infection),
and by reported infection rates. Accordingly, it is of importance to examine to what extent anxiety changes in
consort with fluctuations in the stringency of implemented SDPs as well as in infection rates.

Furthermore, it is pertinent to study the individual development of anxiety and the extent to which the course
of it varies over individuals. For instance, some individuals may reveal no change, others change from a high to
constant low level or, conversely, from a low to a constant high level, with the latter individuals at a greater risk
for prolonged anxiety beyond the pandemic.

Investigating predictors of these individual differences would help identify those most at risk and allow for
efficient deployment of treatment resources. Studies from the early phases of the pandemic have revealed that
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younger age®, female sex®, lower educational level'!, pre-existing psychiatric diagnosis'!, being unemployed'?,
worry about job and economy'?, use of unverified information platforms", and living alone'! are associated
with more anxiety.

To investigate the questions posed above, statistical models that make change in anxiety as outcome depend-
ent on shifts in SDPs and addresses individual developments, that is, within-person changes are needed. This is
achieved in latent change score (LCS) models as they make time-dependent change as opposed to time-dependent
status the outcome of interest'*. Moreover, these models estimate within-person change and thus individual dif-
ferences in symptom profiles across the pandemic can be revealed. Finally, inspecting individual change profiles
may reveal critical points at which individuals undergo a transition into a stable detrimental anxiety state or,
conversely, from an anxiety state to a stable non-anxious state.

The purpose of the present longitudinal study of the adult Norwegian population was to investigate the evolu-
tion of anxiety following each modification of national SDPs across a 20-month period. The period lasted from
the onset of the pandemic and the initial implementation of SDPs in March 2020 to the reopening of society and
complete discontinuation of SDPs in September 2021. Thus, the study comprehensively investigates the evolution
of anxiety from the onset to the termination of SDPs during the COVID-19 pandemic. The following research
questions were investigated: (a) Does the population-level change profile of anxiety across modifications of
SDPs follow the stringency of the SDPs? (b) Is there variation among individuals in initial level of and changes
in anxiety across modifications of SDPs? (c) Do individuals at some point change from a non-anxious state to a
stable high level of anxiety, or from an anxiety state to a stable non-anxious state? (d) How does the initial level
of anxiety relate to changes from modification to modification of SDPs? (e) To what extent do the factors age,
sex, education, psychiatric diagnosis, information platform preference, employment status, worry about job and
economy, and living status predict initial levels of and changes in anxiety from modification to modification? (f)
What is the connection between anxiety and contemporaneous COVID-19 infection rates?

Results

Sample characteristics and representativeness. The age of the 4361 participants ranged from 18 to
86 years (M=36.5, SD=14.8), 2,152 (49.6%) of them being female (compared to 49.5% females in the popula-
tion), and 1543 (35.4%) having a university degree (compared to 35.6% in the population). The percentage of
participants with preexisting psychiatric diagnosis was 19.0%, representative of the known rate of psychological
disorders in the Norwegian adult population, which is between 16.7% and 25.0%". The quota of participants
sampled from each region of Norway was further proportional to each respective region size, yielding a geo-
graphically representative sample of Norway. The demographic composition of participants was stable across
the 20-month period of the study, with no particular subgroup revealing disproportional attrition rates across
the study period. At the final assessment, 45.0% of the participants were female, 38.4% had a university degree,
18.8% reported a psychiatric diagnosis, and age ranged from 18 to 85 years (M =38.9, SD=15.4).

Sensitivity analyses. Sensitivity analyses were performed on the portion of participants who had provided
complete data across all assessments, thus fully serving as their own controls regarding changes and fluctuations
across assessments and modifications of social distancing protocols (SDPs). These analyses replicated the find-
ings from the main sample, showing identical change profiles and predictive relationships across all analyses,
with the correlation between the matrices containing the parameter estimates from this attrition-controlled
sample and the main sample being r=0.99.

Model fit.  Fit was excellent for the unconditional LCS model, with x2 (15) =73.34, RMSEA =0.030 (90% CI
0.023 to 0.037), CFI=0.992, TLI=0.989, and SRMR =0.030. The conditional LCS model also revealed good fit
upon introduction of the exogenous predictors, with X2(14O) =436.71, RMSEA =0.022 (90% CI 0.020 to 0.025),
CFI=0.968, TLI=0.952, and SRMR=0.038. When fitting the unconditional LCS model, an improper estimate
was obtained for the variance of 67,5. The estimated variance, though negative, was within sampling error of zero.
Such estimates can occur even with properly specified models simply due to sampling variability'®. We thus fol-
lowed common practice and restricted the value of the parameter to zero in the final fitted model (see Table 1).

Group-level anxiety profile across the pandemic period. Figure 1 displays the mean-level profile of
anxiety over the observation period, with each breaking point in the curve representing an assessment interval.
The strictness of the SDPs at the intervals is also displayed. From the introduction of SDPs (T1) to their discon-
tinuation (T7), the latent anxiety level changed from 5.6 (SD=3.8) to 4.5 (SD=3.1). Across the five in-between
modifications, anxiety severity fluctuated between these levels. Between adjacent time points, latent anxiety
decreased from T1 and T2, increased from T2 to T3, and decreased from T4 to T5 and from T5 to T6 (see
intercepts in Table 1). Thus, anxiety co-varied with the strictness of SDPs, with increases and decreases in strict-
ness being associated with subsequent increases and decreases in anxiety, respectively. One exception from the
overall pattern occurred from T6 to T7, where no notable anxiety change was observed despite that SDPs were
discontinued. The correlation over the observation period between anxiety and strictness was 0.88 and between
anxiety and mean daily infection rate in the measurement intervals was —0.24.

Individual variation of anxiety profiles. The population average anxiety profile and the individual
change profiles across the 20-month study period are exhibited in Fig. 2. For visualization purposes, the change
profiles of a random subset of 200 individuals are displayed, representative of the sample. Individual change
profiles of all participants in the study are presented in segments of 400 through 11 subfigures in online Sup-
plementary Fig. S1.
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Estimate | SE z P
Unconditional model
1. Intercepts
Nu 5.58 0.07 | 76.44 <0.001*
e -0.81 0.11 | -7.54 <0.001*
SN 0.62 0.08 |8.16 <0.001*
[ 0.03 0.07 |0.41 0.681
s -0.18 0.08 | -2.28 | 0.023*
[y -0.76 0.08 | -9.28 <0.001*
ey 0.01 0.09 |0.05 0.957
2. Variances
Nu 18.58 0.51 | 36.14 <0.001*
e 28.30 0.89 |31.85 <0.001*
e 1.76 0.28 |6.27 <0.001*
Ny 0.07 0.20 |0.33 0.739*
s 1.33 0.20 |6.52 <0.001*
[ 0.00 NA | NA NA
ey 0.65 0.30 |2.20 0.028*
3. Covariances
Ny~ ~8ny, -16.34 0.60 | —27.47 | <0.001*
Ny~ ~8ny 0.20 0.26 |0.75 0.451
Ny~ ~ 0Ny 0.22 0.24 |0.94 0.347
N~ ~ 0N -0.59 0.27 | -2.15 |0.032*
Ny~ ~ 8Ny -0.95 0.28 | -3.46 <0.001*
Ny~ ~8ny 0.05 0.30 |0.15 0.879
Conditional model
1- Intercepts
Nu 5.39 0.31 |17.32 <0.001*
[ -1.39 041 | -3.36 |0.001*
e 0.15 0.39 |0.38 0.705
Ny 0.57 0.32 | 1.78 0.075
s -0.07 040 | -0.18 |0.859
SN -0.71 034 | -2.13 0.033*
ey -0.49 034 | -1.44 |0.151
2. Variances
Nu 11.13 0.37 | 30.26 <0.001*
e 22.16 0.77 | 28.79 <0.001*
e 1.71 0.28 |6.07 <0.001*
Ny 0.07 0.20 |0.36 0.718*
SNes 1.17 022 | 543 <0.001*
[ 0.43 024 |1.78 0.075
ey 0.48 0.32 | 1.50 0.134
3. Covariances
Ny~ ~8ny, -9.89 046 | -21.25 | <0.001*
Ny~ ~Ony 0.01 0.24 |0.03 0.979
Ny~ ~ 0Ny 0.17 021 |0.77 0.440
Nu~ ~Ms -0.34 024 | -142 |0.157
Ny~ ~ 8Ny -0.95 0.27 | -3.58 <0.001*
Ny~ ~ 0Ny -0.16 0.27 | -0.58 |0.561
4- Regression estimates
4-1- Predictors of
Age -0.72 0.08 | -9.62 <0.001*
Sex -1.31 0.14 | -9.42 <0.001*
Education -0.18 0.06 | -2.80 |0.005*
Psychiatric diagnosis 4.04 0.17 | 2391 <0.001*
Info. platform preference 0.15 0.25 |0.58 0.560
Employment status -0.89 0.17 | -5.23 <0.001*
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Estimate | SE z P
Worry job and economy 0.74 0.04 |20.58 <0.001*
Living status -0.23 0.21 | -1.10 0.273
Daily infection rate 0.28 0.10 |2.80 0.005*
4-2- Predictors of 81,
Age 0.40 0.12 | 3.38 0.001*
Sex 0.96 0.23 | 4.25 <0.001*
Education 0.28 0.11 | 2.60 0.009*
Psychiatric diagnosis -3.69 0.28 | -13.27 | <0.001*
Info. platform preference 0.58 0.36 |1.61 0.107
Employment status 0.29 0.28 | 1.02 0.307
Worry job and economy -0.64 0.06 | -10.65 | <0.001*
Living status 0.68 0.30 |2.28 0.023*
Daily infection rate 2.84 1.10 |2.58 0.010%
4-3- Predictors of 8n;
Age 0.10 0.09 | 1.16 0.246
Sex -0.12 0.17 | -0.68 0.495
Education -0.11 0.08 | —1.34 0.179
Psychiatric diagnosis 0.34 021 |1.63 0.104
Info. platform preference -0.01 0.24 | -0.04 |0.966
Employment status 0.45 0.21 |2.19 0.029*
Worry job and economy -0.00 0.05 | —-0.03 | 0.980
Living status 0.15 0.20 |0.79 0.429
Daily infection rate 0.03 0.06 | 0.60 0.546
4-4- Predictors of 8,
Age -0.03 0.08 | -0.37 0.711
Sex 0.01 0.16 | 0.06 0.953
Education -0.05 0.08 | -0.64 0.523
Psychiatric diagnosis 0.07 0.20 |0.34 0.734
Info. platform preference 0.04 0.25 |0.14 0.887
Employment status -0.02 0.20 | -0.10 |0.925
Worry job and economy -0.07 0.04 | -1.65 |0.100
Living status -0.41 0.20 | -2.06 0.040*
Daily infection rate -0.11 0.08 | -1.32 | 0.186
4-5- Predictors of 815
Age 0.04 0.09 | 0.47 0.640
Sex 0.11 0.18 | 0.61 0.544
Education 0.01 0.08 |0.10 0.924
Psychiatric diagnosis 0.13 0.22 | 0.60 0.548
Info. platform preference -0.09 027 | =032 | 0.750
Employment status -0.04 0.22 | -020 |0.844
Worry job and economy 0.06 0.05 |1.29 0.198
Living status 0.06 0.21 |0.26 0.791
Daily infection rate -0.06 0.08 | -0.74 |0.457
4-6- Predictors of 81
Age 0.02 0.10 |0.20 0.845
Sex 0.08 0.19 | 0.45 0.650
Education -0.07 0.09 | -0.74 0.459
Psychiatric diagnosis -0.04 024 | -0.19 |0.851
Info. platform preference -0.22 028 | -0.78 |0.437
Employment status 0.17 0.23 |0.74 0.462
Worry job and economy 0.04 0.05 |0.80 0.426
Living status -0.15 022 | -0.71 0.479
Daily infection rate -0.10 0.10 | -1.01 |0.313
4.7- Predictors of 8n;,
Age -0.13 0.10 | -1.26 0.205
Sex —-0.04 020 | -0.18 0.858
Continued
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Estimate | SE z P
Education 0.20 0.09 |2.17 0.030*
Psychiatric diagnosis 0.20 0.25 [0.81 0.419
Info. platform preference 0.73 0.30 |2.40 0.016*
Employment status -0.12 0.24 | -0.50 0.618
Worry job and economy -0.04 0.05 | -0.84 0.402
Living status 0.08 0.23 |0.36 0.722
Daily infection rate 0.03 0.01 |2.10 0.036*

Table 1. The results of the unconditional and conditional latent change score (LCS) model of anxiety.

#;; = Latent intercept at T1 (March 2020); %, =Latent change from T1-T2 (March - July, 2020); d#,;=Latent
change from T2-T3 (July - December, 2020); 87,, = Latent change from T3-T4 (December 2020 - February,
2021); 61,5 = Latent change from T4-T5 (February — May, 2021); 6#,s= Latent change from T5-T6 (May -
August, 2021); 87, = Latent change from T6-T7 (August—November, 2021). Age: 0 (18-30 years), 1 (31—

44 years), 2 (45-64 years), 3 (65 years and above). Sex: 0 (females), 1 (males). Education level: 0 (compulsory
school), 1 (upper secondary high school), 2 (student), 3 (university degree). Preexisting psychiatric diagnosis:
0 (absence), 1 (presence). Information platform preference: 1 (unmonitored information obtainment sources
consisting of social media platforms such as Instagram, Snapchat, TikTok, online forums and blogs, and
friends, family and peers), 0 (source-verified platforms encompassing of source-checked and recognized
national, regional, and local newspapers, television, and radio channels). Employment status: 0 (unemployed),
1 (employed). Worry about job and economy: 0 (never worry about job and economy), to 12 (worries both
about job and economy almost every day). Living status: 0 (not living alone), 1 (living alone). Daily COVID-19
incidence rates were retrieved from the Norwegian Public Health database of infectious disease and matched
with the response date of each participant.

Most variation in change profiles occurred within the first three months from T1 to T2 (Table 1). The large
variation of T2 change scores is reflected in the major presence of intersecting lines between T1 and T2 in Fig. 2.
The figure shows that those with a high initial anxiety level almost in unison experienced decreases, many of
them considerably. Indeed, the correlation between T1 status and change from T1 to T2 was — 0.62. This negative
correlation also reflects that individuals with lower initial levels of anxiety often experienced increases in anxiety
from T1 to T2. These increases in anxiety often rose to a clinical level (>=38), a level that was then prevailingly
maintained across the remainder of the pandemic period. Of the 4361 participants, 394 (9.0%) had a clinically
important deterioration (increase of minimal 4 points) in anxiety from T1 to T2. Notably, almost all individuals
with a stable clinical level of anxiety from T2 to T7 belonged to this sub-group.

The covariances in the unconditional model (Table 1) show that a higher level of anxiety at T1 was related
to more reduction of anxiety from T1 to T2, from T4 to T5, and from T5 to T6. These three periods were all
associated with reduced strictness of SDPs.

Predictors of anxiety profiles. The effect of each of the exogenous predictors on the initial level and the
time-point to time-point changes in anxiety, while controlling for all other predictors in the model, is reported
in Table 1. These effects are also displayed in Figs. 3, 4, 5 and 6.

Younger age, female sex, lower education, pre-existing psychiatric diagnosis, unemployment, and more worry
about job and economy were related to higher initial level of anxiety (i.e., ,;, P-values <0.05), but these variable
values (except unemployment) were also related to more reductions in anxiety from T1 to T2 (Table 1). Younger
age and pre-existing psychiatric diagnosis were related to marked higher levels of anxiety over the whole observa-
tion period (Fig. 3). Preference for unverified information platforms was related to markedly higher anxiety levels
from T2 and onward (Fig. 4), and to a significantly larger anxiety increase from T6 to T7. Females, unemployed,
and those living alone had a somewhat higher anxiety level than their counterparts over the observation period
(Figs. 5 and 6). Educational level did not influence anxiety beyond baseline, except that those with a university
degree had the largest increase from T6 to T7 (Fig. 5). Worry about job and economy had a variable influence
with no relationship to the end (T7) level of anxiety (Fig. 6). More worry was associated with more increase of
anxiety from T3 to T4. Daily infection rate was positively related to anxiety at T'1, to anxiety change from T1 to
T2, and to anxiety change from T6 to T7.

Discussion
The present results demonstrated that the mean anxiety severity fluctuated as a function of the stringency and
leniency of SDPs, with increased stringency being associated with heightened anxiety. An exception from this
general pattern was that there were no signs of anxiety reduction ensuing the complete discontinuation of SDPs.
However, although the message from the government was that the pandemic was under control, the mean infec-
tion rate was as high as 933 new cases per day and raised from 424 to 1762 during the last measurement window.
This may have prevented anxiety from reducing. Overall, anxiety level correlated strongly with strictness of SDPs
over the pandemic, but negligibly with infection rate.

The preponderance of variation in changes occurred from the initial implementation of SDPs (T1) to their
partial discontinuation three months later (T2). Inspection of individual change profiles revealed two change
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Mean level of anxious symptomatology

Patterns of change in anxiety symptoms across the 20—-month study period
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Figure 1. The mean-level profile of anxiety and the strictness of social distancing protocols (SDPs) over the
20-month observation period. Anxiety change patterns were modelled upon all modifications in national SDPs
over the pandemic period. The dashed lines represent the 95% confidence intervals. Each month is coded in
units of 30 days ensuing the starting point March 31, 2020, coded as 0.

patterns consistent with critical transitions to a new stable state'”. Individuals who had an initial high level of
anxiety — above or around the clinical cut-off of 8 — almost in unison showed a substantial and lasting decrease of
anxiety after the SDPs had been lifted. This is consistent with a trauma perspective on reactions to the pandemic*
and may reflect that they after an initial increase of anxiety somehow adapted to the stressors posed by the infec-
tion pressure and the SDPs. They remained in a non-anxious state and were predominantly resilient toward new
infection waves and re-implementations of strict SDPs. A second change pattern consistent with critical transi-
tions was seen for individuals with initially low anxiety who experienced a clinically important increase to a
clinical level, which then was maintained throughout the pandemic to the discontinuation of SDPs. This critical
increase was situated within the first three months of the pandemic and may have occurred before and/or after
the modification of SDPs. In the former case, the individual experienced stressors of a severity that overloaded
their resilience and access to environmental resources. The lifting of the SDPs seemed to have little mitigating
effect. In the latter case, the anxiety increase may be a response to the SDPs discontinuation. The discontinua-
tion may have led to heightened degree of worry about contagion or increased social anxiety. In any case, these
individuals remained in a chronic anxiety state and are vulnerable to prolonged anxiety beyond the pandemic.

Consistent with previous studies, younger age?, female sex?, lower education'!, pre-existing psychiatric
diagnosis'', unemployment'?, and more worry about job and economy'* were significantly associated with higher
initial levels of anxiety. On the other hand, the same predictors were related to greater reductions in anxiety
from T1 to T2, probably reflecting that those sub-groups most vulnerable to negative influence of infection
rates and SDPs also were more relieved when the infections rates decreased to a minimum and the SDPs were
partly discontinued.

Younger age, pre-existing psychiatric diagnosis, and use of unverified information platforms predicted higher
anxiety in the long run. The lives of young people involve more social contact and activities than those of older
people and younger people may therefore suffer more from the SDPs and the lockdown'®. Unverified platforms
may spread exaggerated or false information about the dangers of the pandemic and thus lead to heightened
anxiety". It is reasonable that people with a pre-existing psychiatric diagnosis also are more vulnerable to
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Figure 2. Individual change profiles in anxiety across modifications in social distancing protocols (SDPs).
Through a 20-month period from the introduction of SDPs to their discontinuation.

heightened anxiety later. Notably, use of unverified platforms and psychiatric diagnosis did not predict end level
for depression in the same sample’’.

Also females, unemployed, and those living alone exhibited a heightened overall anxiety level, but differ-
ences were less marked. Higher educational level was related to lower initial level of anxiety but predicted more
increase of anxiety at reopening (T7). Those with a university degree and students may have been exposed to
a larger increase of perceived dangers (e.g., social threats, physical closeness) as a result of the discontinuation
of SDPs. Worry about job and economy at the introduction of SDPs (T1) had an impact on anxiety in the early
phase of the pandemic but had no relationship to the end (T7) level of anxiety.

Daily infection rate was related to anxiety early in the pandemic, probably reflecting that there existed more
uncertainty about the dangerous consequences of the virus at this stage. In addition, infection rate was related
to anxiety change from T6 to T7. This may reflect the steep increase of infected cases after society had been
re-opened.

Some important variables were not included the present study. For instance, sleep quality and physical activ-
ity have both been found to have decreased during COVID-19 related home confinement?, and both variables
have been found to be associated with mental wellbeing during confinement?', Also during confinement, lower
physical activity have been found to be related to poorer sleep?*** and more anxiety®. Thus, physical activity
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Change in anxiety symptoms as predicted by age

Change in anxiety symptoms as predicted by preexisting psychiatric diagnosis
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Figure 3. Anxiety across the 20-month observation period as predicted by age and preexisting psychiatric
diagnosis. Controlled for the influence of all other variables in the model.

Change in anxiety symptoms as predicted by information obtainment preferences
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Figure 4. Anxiety across the 20-month observation period as predicted by employment status and information
obtainment. Controlled for the influence of all other variables in the model.

and sleep quality could both contribute to the prediction of anxiety profiles, both independently and in overlap
with the studied predictors (e.g., sleep and worry about job and economy).

A major strength of this study was that anxiety was measured at every modification of SDPs until the end
of the pandemic containment policies and the proclaimed end of the pandemic. The pandemic was said to be
under control and people could return to a normal everyday life. No knowledge of the new omicron variant and
the associated infection wave was available during the last measurement window. Thus, the findings represent
information about anxiety reactions from the start to what was at the time the perceived end of a pandemic.
Other strengths include the large and representative sample, the simultaneous unveiling of population-level
and individual change profiles, the state-of-the-art approach to missing data, and the sensitivity analyses on an
attrition-controlled sample.

Some limitations should be noted. Although the participants were randomly obtained from a larger sample
and stratified to represent population demographics, the initial recruitment through an online procedure may
favor particular sub-groups (e.g., younger people) and involve self-selection biases. Efforts were taken to reduce
such biases through additional recruitment of participants across a variety of platforms more accessible to the
elderly population. The use of self-reports precluded diagnostic assessment of the participants. Potential predic-
tors such as sleep and physical activity were not included.
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Figure 5. Anxiety across the 20-month observation period as predicted by biological sex and education level.
Controlled for the influence of all other variables in the model.
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Figure 6. Anxiety across the 20-month observation period as predicted by living status and worry about job
and economy. Controlled for the influence of all other variables in the model.

In conclusion, the mean anxiety level fluctuated throughout the observation period and these fluctuations
were positively related to the stringency of the modified SDPs. A sub-group of 9% who developed a chronic anxi-
ety state during the first three months of the pandemic was identified. This sizable subgroup maintained their
heightened anxiety level throughout the pandemic and is vulnerable to prolonged anxiety beyond the pandemic
period. Therefore, efforts to mitigate detrimental anxiety symptomatology should focus on the early phase of
pandemics and future research should identify the particular circumstances and psychological processes leading
to and maintaining this chronic anxiety state. Among variables shown in other studies to predict initial anxiety
response to the COVID-19 pandemic and associated SDPs, younger age, pre-existing psychiatric diagnosis, and
use of unverified information platforms proved to markedly predict higher anxiety in the long run. Measures
should be taken to stimulate people to use verified information platforms about the pandemic.

Methods

The study was ethically approved by The Regional Committee for Medical and Health Research Ethics South
East Norway (reference: 125,510) and the Norwegian Centre for Research Data (reference: 802,810). The study
was pre-registered prior to collection of data at Clinicaltrials.gov (Identifier: NCT04442204) and conducted in
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accordance with the guidelines of the Strengthening the Reporting of Observational Studies in Epidemiology
statement (STROBE)*. Digital informed consent was obtained from all participants before completing the
questionnaire.

Study design. The study period lasted 20 months from the onset of the pandemic and the introduction of
national SDPs in Norway to their complete discontinuation. The design criteria included a) measuring anxiety
following each modification of SDPs, b) initiating measurements in a two-week interval between two to four
weeks following the modification, and c) stopping data collection instantaneously if novel information was pro-
vided concerning forthcoming modifications of SDPs to control for expectations effects. Hence, the timing of the
measurements was based on the timing of the implementation of SDPs.

Population, recruitment, and procedure. The targeted population for the present study was adults
(age> =18 years) living in Norway across the period of assessment. The majority of the sample (70%) was
obtained using a Facebook Business algorithm, which proportionally targeted each geographic region accord-
ing to its relative size (see flowchart in online Supplementary Fig. S2). The 15% adults not present on Facebook
were recruited through a systematic dissemination of the survey via national, regional, and local information
platforms (i.e., television, radio, and newspapers). This procedure is explained in detail elsewhere®. A total of
10,061 adults enrolled in the study at T1. The same participants were recontacted at each assessment. The num-
ber participants responding at each assessment was 4,967 at T2, 5,283 at T3, 4,607 at T4, 4,228 at T5, 3,231 at
T6, and 3,330 at T7.

Stratification of sample. Characteristics not fully representative of the Norwegian adult population were
post-stratified to be proportional to their known rate in the general adult population, matching each parameter
in the sample to the population parameter to provide a representative sample of the Norwegian adult population.
The final stratified and representative sample used in this study consisted of 4,361 of the 10,061 adults, selecting
4361 at T1, 2,151 at T2, 2239 at T3, 1963 at T4, 1811 at T5, 1,405 at T6, and 1426 at T7.

Assessment intervals, modifications in SDPs and infection pressure. A comprehensive list of
nationally implemented SDPs at each assessment interval (i.e., T1-T6) is presented in Supplementary Tables S1-
S6. At T7, national SDPs were discontinued. The intervals, the strictness of the SDPs measured by the Oxford
COVID-19 Stringency Index®, the date of their implementation, and the mean daily infection rate in the inter-
vals, retrieved from the Norwegian Public Health database of infectious disease, were as follows:

T1 (March 31 to April 7, 2020). Strict SDPs: 79.63, implemented from March 13. The infection rate was 191
(SD=55).

T2 (June to July 13, 2020). Lenient SDPs: 40.74, implemented from June 15. The infection rate was 20 (SD=38).

T3 (November 19 to December 2, 2020). Strict SDPs: 56.02, implemented from October 26. The infection
rate was 517 (SD=11).

T4 (January 23 to February 2, 2021). Increased strictness of SDPs: 70.76, including stronger restrictions on
social contact than in T1 and T3, implemented from January 4. The infection rate was 249 (SD=67).

T5 (May 8 to May 25, 2021). Decreased strictness of SDPs: 63.61, implemented from April 16. The infection
rate was 373 (SD=76).

T6 (July 4 to August 1, 2021). Lenient SDPs: 48.79, consisting of minor distancing protocols, implemented
from June 18. The infection rate was 164 (SD=69).

T7 (October 24 to November 12, 2021). All SDPs were discontinued from September 24. A vaccine rate of
77% had been reached and the government declared that the pandemic was under control and that people could
resume normal life. The infection rate was 933 (SD=508).

Measurement. Strictness of the national SDPs was measured by the Oxford COVID-19 Stringency Index*,
which is based on nine metrics, yielding a final strictness score ranging from 0 (no protocols present) to 100
(strictest response possible). The nine metrics include: 1) workplace closures; 2) school closures; 3) cancella-
tion of public events; 4) closures of public transport; 5) stay-at-home requirements; 6) restrictions on public
gatherings; 7) public information campaigns; 8) restrictions on internal movements; and 9) international travel
controls.

The participants reported their age, biological sex, education level, presence of preexisting psychiatric diagno-
sis, preferred platform for obtaining information about the pandemic and its mitigation protocols, employment
status, worry about job and economy, and living status. The age of the participants was coded into four categories
(i.e., 0: 18-30 years; 1: 31-44 years; 2: 45-64 years; and 3: 65 years and above). Females were coded as 0 and males
as 1. Education level consisted of four categories (i.e., 0: Compulsory School; 1: Upper Secondary High School;
2: Student; 3: Any University Degree). The presence of preexisting psychiatric diagnosis was coded as 1 and its
absence as 0. Use of source-verified platforms encompassing source-checked and recognized national, regional,
and local newspapers, television, and radio channels was coded as 0: Source-verified information platform
preference; while use of unmonitored information obtainment sources consisting of social media platforms
(e.g., Instagram, Snapchat, TikTok), online forums and blogs, and friends, family and peers were coded as 1:
Unmonitored information platform preference; Worry about job and economy was measured on a scale from 0:
Never worry about job and economy to 12: worries both about job and economy almost every day. Living status
was coded 0: Not living alone and 1: Living alone. Daily COVID-19 incidence rates were retrieved from the
Norwegian Public Health database of infectious disease and matched with the response date of each participant.
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Figure 7. The unconditional latent change score (LCS) model. Error variances (0?) are constrained to be equal.
The covariances between 7, and the latent change scores 0r,_; are omitted from the figure to aid visualization.

The Generalized Anxiety Disorder-7 (GAD-7)% consists of seven items covering the DSM-IV symptom cri-
teria for GAD. Subjects are asked for the presence of symptoms during the past two weeks. The items are scored
on a four-point scale ranging from 0 (not at all) to 3 (almost every day). The total score ranges from 0 to 21. The
GAD-7 has revealed construct validity and reliability*”*® and has been formally translated to Norwegian®®. As
cut-offs were > =8 used for clinical level'® and > =4 for clinically important change?. The internal consistency

was excellent in this sample, with Cronbach’s a ranging from 0.88 to 0.91 across assessments.

Statistical analyses. The statistical analyses of this study were performed using R*. A Latent Change
Score (LCS)™ model was used to model the development of anxious symptomatology across the 20-month study
period. It was specified using the ‘lavaan’ package®in R. As the LCS framework concerns within-person and
time-dependent change, it is a powerful technique for modeling individual fluctuations related to modifications
of SDPs across the pandemic period.

First, an unconditional LCS was fitted to the data, modeling the initial level (i.e., denoted as #;,) of anxious
symptomatology at the first assessment interval (T1), and the latent change scores between all adjacent intervals
(i.e., T1 to T2; T2 to T3; T3 to T4; T4 to T5; T5 to T6; and T6 to T7), denoted as 67, 81,3, 61y 61s5, 6146, and
8, respectively (Fig. 7). T1 was coded as month 0 of the study. The residual variances (i.e., 5.2) were held equal
across assessments. Appropriate model fit was determined using common evaluation guidelines as indicated by
RMSEA £0.05, TLI>0.95, CF1>0.95, and SRMR <0.05*. Next, the predictors and infection rate were added
to yield a conditional LCS model, revealing the extent to which these variables were associated with profiles of
change in anxious symptomatology across the 20-month pandemic period. Full Information Maximum Likeli-
hood (FIML) was utilized to estimate models on the full data set, allowing for the inclusion of individuals with
partially missing data®*34,

Data availability

The data that support the findings of this study are available from the Norwegian Centre for Research Data but
restrictions apply to the availability of these data, which were used under license for the current study, and so are
not publicly available. Data are however available from the authors upon reasonable request and with permis-
sion of the Regional Committee for Medical and Health Research Ethics South East Norway and the Norwegian
Centre for Research Data.

Received: 23 June 2022; Accepted: 18 October 2022
Published online: 25 October 2022

References
1. Brooks, S. K. et al. The psychological impact of quarantine and how to reduce it: Rapid review of the evidence. Lancet 395, 912-920
(2020).
2. Mertens, G., Gerritsen, L., Duijndam, S., Salemink, E. & Engelhard, I. M. Fear of the coronavirus (COVID-19): Predictors in an
online study in March 2020. J. Anxiety Disord. 74, 102258 (2020).
3. Santomauro, D. E. et al. Global prevalence and burden of depressive and anxiety disorders in 204 countries and territories in 2020
due to the covid-19 pandemic. Lancet 398, 1700-1712 (2021).

Scientific Reports |

(2022) 12:17846 | https://doi.org/10.1038/s41598-022-22686-z nature portfolio



www.nature.com/scientificreports/

4. Robinson, E., Sutin, A. R,, Daly, M. & Jones, A. A systematic review and meta-analysis of longitudinal cohort studies comparing
mental health before versus during the COVID-19 pandemic in 2020. J. Affect. Disord. 296, 567-576 (2022).

5. Prati, G. & Mancini, M. The psychological impact of COVID-19 pandemic lockdowns: A review and meta-analysis of longitudinal
studies and natural experiments. Psychol. Med. 51, 201-211 (2021).

6. DiGiovanni, C., Conley, J., Chiu, D. & Zaborski, ]. Factors influencing compliance with quarantine in Toronto during the 2003
SARS outbreak. Biosecur. Bioterror. 2, 265-272 (2004).

7. Pedersen, M. T. et al. Time trends in mental health indicators during the initial 16 months of the COVID-19 pandemic in Denmark.
BMC Psychiatry 22, 25 (2022).

8. MacDonald, J. J. et al. Depressive symptoms and anxiety during the COVID-19 pandemic: Large, longitudinal, cross-sectional
survey. JMIR Ment. Health 9, 33585 (2022).

9. Oka, T. et al. Multiple time measurements of multidimensional psychiatric states from immediately before the COVID-19 pandemic
to one year later: A longitudinal online survey of the Japanese population. Transl. Psychiatry 11, 573 (2021).

10. Hajek, A. et al. Prevalence and determinants of probable depression and anxiety during the COVID-19 pandemic in seven coun-
tries: Longitudinal evidence from the European COvid Survey (ECOS). J. Affect. Disord. 299, 517-524 (2022).

11. Fancourt, D,, Steptoe, A. & Bu, E. Trajectories of anxiety and depressive symptoms during enforced isolation due to COVID-19 in
England: A longitudinal observational study. Lancet Psychiatry 8, 141-149 (2021).

12. Batterham, P. I. et al. Trajectories of depression and anxiety symptoms during the COVID-19 pandemic in a representative Aus-
tralian adult cohort. MJA 214, 462-468 (2021).

13. Bendau, A. et al. Associations between COVID-19 related media consumption and symptoms of anxiety, depression and COVID-
19 related fear in the general population in Germany. Eur. Arch. Psychiatry Clin. Neurosci. 271, 283-291 (2021).

14. McArdle, J. J. A latent difference score approach to longitudinal dynamic structural analysis. In Structural equation modeling:
Present and future. A festschrift in honor of Karl Joreskog (eds Cudeck, R., Joreskog, K. G., Sérbom, D. & Du Toit, S.) 342-380
(Lincolnwood, IL, Scientific Software International, 2001).

15. Norwegian Institute of Public Health, Mental illness among adults in Norway. In: Public Health Reports — Health Status in Norway.
2016. (accessed Apr 24, 2020). https://www.fhi.no/en/op/hin/mental-health/psykisk-helse-hos-voksne/

16. Chen, E, Bollen, K. A., Paxton, P, Curran, P. J. & Kirby, J. B. Improper solutions in structural equation models: Causes, conse-
quences, and strategies. Sociol. Methods Res. 29, 468-508 (2001).

17. Hayes, A. M. & Andrews, L. A. A complex systems approach to the study of change in psychotherapy. BMC Med. 18, 1-13 (2020).

18. Bu, E, Steptoe, A. & Fancourt, D. Loneliness during strict lockdown: trajectories and predictors during the COVID-19 pandemic
in 38,217 adults in UK. Soc. Sci. Med. 265, 113521 (2020).

19. Ebrahimi, O. V., Bauer, D. J., Hoffart, A. & Johnson, S. U. The evolution of depressive symptomatology across three waves of the
COVID-19 pandemic: A 17-month representative longitudinal study of the adult population. J. Psychopathol. Clin. Sci. (in press).

20. Trabeli, K. et al. Globally altered sleep patterns and physical activity levels by confinement in 5056 individuals: ECLB COVID-19
international online survey. Biol. Sport 38, 495-506 (2021).

21. Trabelsi, K. et al. Sleep quality and physical activity as predictors of mental wellbeing variance in older adults during COVID-19
lockdown: ECLB COVID-19 international online survey. Int. J. Environ. Res. Public Health 18, 4329 (2021).

22. Dergaa, L. et al. COVID-19 lockdown: Impairments of objective measurements of selected physical activity, cardiorespiratory and
sleep parameters in trained fitness coaches. EXCLI J. 21, 1084-1098 (2022).

23. Akbari, H. A. et al. How physical activity behavior affected well-being, anxiety and sleep quality during COVID-19 restrictions in
Iran. Eur. Rev. Med. Pharmacol. Sci. 25, 7847-7857 (2021).

24. von Elm, E. et al. The strengthening the reporting of observational studies in epidemiology (STROBE) statement: Guidelines for
reporting observational studies. Ann. Intern. Med. 147, 573-577 (2007).

25. Ebrahimi, O. V., Hoffart, A. & Johnson, S. U. Physical distancing and mental health during the covid-19 pandemic: Factors associ-
ated with psychological symptoms and adherence to pandemic mitigation strategies. Clin. Psychol. Sci. 9, 489-506 (2021).

26. Hale, T. et al. Variation in government responses to COVID-19. https://ourworldindata.org/covid-stringency-index (2020).

27. Spitzer, R. L., Kroenke, K., Williams, J. B. W. & Lowe, B. A brief measure for assessing generalized anxiety disorder: The GAD-7.
Arch. Intern. Med. 166, 1092-1097 (2006).

28. Johnson, S. U,, Ulvenes, P. G., Oktedalen, T. & Hoffart, A. Psychometric properties of the general anxiety disorder 7-item (GAD-7)
scale in a heterogeneous psychiatric sample. Front. Psychol. 10, 1713 (2019).

29. Toussaint, T. et al. Sensitivity to change and minimal clinically important difference of the 7-item generalized anxiety disorder
questionnaire (GAD-7). J. Affect. Disord. 265, 395-401 (2020).

30. R Core Team. R, A language and environment for statistical computing (2021).

31. Rosseel, Y. Lavaan: An r package for structural equation modeling and more. Version 0.5-12 (beta). J. Stat. Softw. 48, 1-36 (2012).

32. Hu, L. T. & Bentler, P. M. Cutoff criteria for fit indexes in covariance structure analysis: Conventional criteria versus new alterna-
tives. Struct. Equ. Modeling 6, 1-55 (1999).

33. Baraldi, A. N. & Enders, C. K. An introduction to modern missing data analyses. J. School Psychol. 48, 5-37 (2010).

34. Schafer, J. L. & Graham, J. W. Missing data: Our view of the state of the art. Psychol. Methods 7, 147 (2002).

Author contributions

All authors contributed to the study conception and design. A.H., S.U.J. and O.V.E. were involved in data acquisi-
tion. O.V.E. and D.B. analysed the data. All authors contributed to data interpretation. A.H. was responsible for
the first draft of the manuscript. All authors contributed to critical revision of the manuscript. All authors had
access to the data. O.V.E. and A.H. verified the data, and all authors accepted responsibility for the decision to
submit for publication.

Competing interests
The authors declare no competing interests.

Additional information
Supplementary Information The online version contains supplementary material available at https://doi.org/
10.1038/541598-022-22686-z.

Correspondence and requests for materials should be addressed to A.H.
Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Scientific Reports |

(2022) 12:17846 | https://doi.org/10.1038/s41598-022-22686-z nature portfolio


https://www.fhi.no/en/op/hin/mental-health/psykisk-helse-hos-voksne/
https://ourworldindata.org/covid-stringency-index
https://doi.org/10.1038/s41598-022-22686-z
https://doi.org/10.1038/s41598-022-22686-z
www.nature.com/reprints

www.nature.com/scientificreports/

Open Access This article is licensed under a Creative Commons Attribution 4.0 International

License, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the
Creative Commons licence, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2022

Scientific Reports|  (2022) 12:17846 | https://doi.org/10.1038/s41598-022-22686-z nature portfolio


http://creativecommons.org/licenses/by/4.0/

	Anxiety in the adult population from the onset to termination of social distancing protocols during the COVID-19: a 20-month longitudinal study
	Results
	Sample characteristics and representativeness. 
	Sensitivity analyses. 
	Model fit. 
	Group-level anxiety profile across the pandemic period. 
	Individual variation of anxiety profiles. 
	Predictors of anxiety profiles. 

	Discussion
	Methods
	Study design. 
	Population, recruitment, and procedure. 
	Stratification of sample. 
	Assessment intervals, modifications in SDPs and infection pressure. 
	Measurement. 
	Statistical analyses. 

	Data availability
	References


