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Abstract

Background The risk of post-acute sequelae of COVID-19 (PASC) is estimated at 3-6% per infection in 2024. We
hypothesized that widespread SARS-CoV-2 infections could lead to population-level consequences. Our previous
study identified substantial increases in Norwegian primary healthcare consultations in 2023—compared to pre-
pandemic levels—for conditions associated with acute COVID-19 and PASC. This study extended that analysis to 2024.
We then assessed whether observed patterns were compatible with our hypothesis.

Methods We used data from the Norwegian Syndromic Surveillance System, which captures nationwide primary
healthcare consultations for 102 ICPC-2 codes (out of a possible 710) that are relevant for infectious disease
surveillance and some post-acute infection syndromes. Bayesian linear regression models were fitted to 2010-2019
trends, adjusting for population changes, to estimate expected values for 2024. Excess consultations were calculated
by age and sex. A COVID-19 community spread was proxied by vaccination-adjusted weekly hospitalization rates.

Results In 2024, there were 17,800,365 consultations, corresponding to an absolute excess of 1,185,231
consultations, or a 7.1% relative excess, compared to the modelled baseline. The 10 code combinations with largest
absolute excess in 2024 were respiratory infections (325,726 excess consultations; 20% relative excess), fatigue
(205,381; 70%), psychological symptom/complaint other (188,978; 87%), acute stress reaction (182,079; 76%),
feeling depressed (126,783; 133%), hyperkinetic disorder (112,763; 116%), abdominal pain/cramps general (84,544;
29%), memory disturbance (39,177; 63%), conjunctivitis (34,643; 59%), and infectious disease other/NOS (33,556;
81%). COVID-19 community spread showed the strongest correlations with conjunctivitis, strep throat, respiratory
infections as a group (R**), fatigue, infectious disease other, memory disturbances, and pneumonia. Deviations
from pre-pandemic trends varied: respiratory and psychological disorders worsened from 2020 onward and several
conditions showed dramatic excess from 2022-2024. Females 15-29, children, adolescents, and young adults had
disproportionately large relative excesses for consultations for memory disturbances.

Conclusions Primary healthcare consultations in 2024 significantly exceeded pre-pandemic expectations, especially
for conditions linked to acute COVID-19 and PASC, though the two cannot be differentiated in these data. While
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SARS-CoV-2 infection.

\condition, Norway, Health policy

-
other factors undoubtedly also play a role, findings are compatible with ongoing population-level health impacts
associated with repeated SARS-CoV-2 infections, particularly among women, children, adolescents, and young adults.
These results emerged under a national COVID-19 strategy that does not account for post-acute consequences of
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Text box 1. Contributions to literature

- Since 2022, the Norwegian population has been repeatedly infected
with SARS-CoV-2.

« There has been a substantial increase in national healthcare utilization
from 2020 to 2024—higher than pre-pandemic expectations.

+ Many of the conditions with the highest healthcare utilization in-
creases are associated with acute and post-acute COVID-19 sequelae.
«Women (a group known to be at higher risk of post-acute COVID-19
sequelae) and children and adolescents (a group often excluded from
long COVID policy considerations, including vaccine recommenda-
tions) have disproportionately higher healthcare utilization than
expected for some syndromes that are associated with acute and post-
acute COVID-19 sequelae.

Background

The COVID-19 pandemic has altered global health-
care utilization patterns, with impacts extending far
beyond the acute phase of infection. Post-acute sequelae
of COVID-19 (PASC) is now recognized as a systemic,
multi-organ disorder, often causing prolonged fatigue,
cognitive and neurological dysfunction, cardiovascular
complications, and other disabling symptoms [1]. The
burden of PASC is substantial [1-4]; an estimated 400
million individuals require support globally [5], with esti-
mates attributing an annual economic loss of approxi-
mately 0.5% of gross domestic product [6, 7].

Given this substantial burden, countries have adopted
varying approaches to managing ongoing COVID-19
transmission. Norway’s current COVID-19 strategy [8],
implemented since 2022, differs notably from World
Health Organization and other international guidelines
[9] and is dependent upon the Norwegian population
being repeatedly reinfected with SARS-CoV-2. The Nor-
wegian Institute of Public Health (NIPH) outlines the
rationale behind Norway’s COVID-19 strategy:

“It is now mainly population immunity that is keep-
ing the epidemic in check ... Stronger measures to
limit the spread of infection have two important dis-
advantages. Firstly, the measures can be resource-
intensive, restrict freedoms and weaken the economy
and perhaps public health. Secondly, maintaining
population immunity depends on the virus circulat-
ing in the population” [10].

This strategy leans on repeated SARS-CoV-2 infections
to maintain population immunity and less on booster
vaccinations. Since 2023, the general population has been
advised not to get tested for COVID-19 if experiencing
symptoms of respiratory tract infections [11]. This cre-
ates conditions where repeated SARS-CoV-2 reinfections
are common across the population. Although reinfection
increases cumulative PASC risk [12—14], the Norwegian
government's COVID-19 strategy [8] and NIPH’s risk
assessment of the strategy focused exclusively on acute
consequences, disregarding the potential negative impact
on public health from PASC [10]. Elsewhere, NIPH has
claimed that frequent reinfection by SARS-CoV-2 is ben-
eficial for reducing the risk of PASC [15], a view that con-
trasts with prevailing scientific consensus [16].

Understanding the ongoing risk of PASC is crucial for
interpreting healthcare utilization. A recent Norwegian
study estimated a 6% PASC risk for triple-vaccinated
individuals after a first Omicron infection [17], align-
ing with international findings [18, 19]. Results on rein-
fection are mixed: a UK study found 28% lower odds of
PASC after a second versus first infection [12], while U.S.
and Canadian data show consistent risk across multiple
infections [13, 14]. Conservative estimates suggest a cur-
rent per-infection PASC risk of 3—6% in Norway, imply-
ing substantial cumulative burden over time.

However, the detection of this burden in routine
healthcare data is complicated by Norway’s use of the
International Classification of Primary Care, 2nd edi-
tion (ICPC-2) diagnosis coding system in primary care
[20]. ICPC-2 codes capture the reason for the patient’s
encounter or visit to the healthcare provider; approxi-
mately half represent diagnoses and half represent symp-
toms [20, 21]. Unlike the International Classification
of Diseases (ICD) system, it has not been updated with
a specific diagnosis code for PASC. As a result, general
practitioners who suspect that their patients suffer from
PASC must instead select a diagnosis based on the most
dominant symptom, such as fatigue or memory loss [22].
This coding limitation may obscure the syndromic nature
of PASC and disperse its manifestations across diagnos-
tic categories, complicating efforts to quantify its true
impact.

Our previous study found that nationwide sick leave
and primary healthcare consultations in 2023 exceeded
expected trends for conditions consistent with both
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acute COVID-19 and PASC [23]. This study extends that
nationwide analysis to 2024, identifying diagnostic code
combinations with the largest absolute deviations from
2010-2019 modelled baselines, with age- and sex-spe-
cific results. We then assessed whether these deviations
plausibly reflected population-level consequences of
widespread repeated SARS-CoV-2 infections.

These findings provide crucial data in the Norwegian
context, where the national COVID-19 strategy empha-
sizes the assumed benefits of sustaining population
immunity through repeated SARS-CoV-2 infections,
contrary to available evidence on PASC. However, given
the global endemicity of SARS-CoV-2, the results also
hold broader international relevance [24].

Methods
Data sources
The Norwegian Syndromic Surveillance System (Nor-
SySS; Norwegian: Det norske syndromiske overvdkingssys-
temet) is a nationwide public health surveillance system
designed to detect outbreaks of infectious diseases and
provide early warning for implementation of necessary
control measures [25]. NorSySS surveils the number of
consultations at general practitioners and out-of-hours
primary care facilities [23]. NorSySS' data source is
KUHR (Control and Payment of Health Reimburse-
ments; Norwegian: Kontroll og utbetaling av helserefus-
joner), which is a system that manages reimbursement
claims from healthcare providers and institutions to the
state in Norway. The system is owned by the Norwegian
Directorate of Health. KUHR is a system within KPR
(Municipal Patient and User Register; Norwegian: Kom-
munalt pasient- og brukerregister) that contains data
from municipalities about individuals who have applied
for, receive, or have received health and care services.
While some individuals may choose private health-
care over their publicly subsidized primary healthcare
physician, less than 4% of the Norwegian population
lack access to a publicly subsidized permanent primary
healthcare physician (the data source for NorSySS) [26].
This system is the foundation of the primary health care
system in Norway [27]. The data source is routinely
audited to ensure no fraudulent billing is occurring [28].
NorSySS does not have full coverage of the 710 ICPC-2
codes available to primary healthcare physicians. Rather,
NorSySS has access to 102 ICPC-2 codes that are relevant
for infectious disease surveillance and some post-acute
infection syndromes, which aligns with its surveillance
purpose. NorSySS covers the following categories: gen-
eral and unspecified (13/53); blood, blood forming organs
and immune mechanism (4/25); digestive (15/67); eye
(2/35); ear (6/28); cardiovascular (0/41); musculoskeletal
(0/53); neurological (1/37); psychological (5/43); respi-
ratory (31/54); skin (16/58); endocrine/metabolic and
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nutritional (0/31); urological (1/29); pregnancy, child-
bearing, family planning (0/40); female genital (4/53),
male genital (4/36), social problems (0/27). Consultations
for the missing ICPC-2 codes are registered in NorSySS
under the ICPC-2 code “XXX".

We extracted one outcome measure from NorSySS:
The number of primary healthcare consultations per
ICPC-2 code combination. A consultation was defined
as one interaction with a primary healthcare practitioner
that corresponds to one of the following: home visit by a
general practitioner (day/night), consultation with a gen-
eral practitioner (day/night), consultation for being called
to the office for immediate help of a patient, e-consulta-
tion with a general practitioner and/or emergency room
(day/night). These correspond to the KUHR tariff codes
11ad, 11ak, 2ad, 2ak, 2fk, 2ae, 2aek, 2aef.

The extracted data was age- and sex-specific for age
groups 5-14, 15-19, 20-29, 30-64, and 65 +for males
and females.

Composite ICPC-2 code combinations

Composite ICPC-2 code combinations were extracted
directly from NorSySS. In addition to single ICPC-2
codes (e.g., A04), NorSySS includes two predefined com-
posite groupings: gastroenteritis (D11 vomiting, D70 gas-
trointestinal infection, and D73 gastroenteritis presumed
infection), and R** respiratory infections (R01, R02, R03,
R04, R05, R07, RO8, R09, R21, R24, R25, R27, R29, R33,
R71, R72, R74, R75, R76, R77, R78, R79, R80, R81, R82,
R83, R99, R991, and R992). Internally at NIPH, the R**
code combination is used as a proxy for respiratory infec-
tions. Descriptions of the R codes are available in Addi-
tional file 1.

These groupings were previously developed by epide-
miologists at NIPH and have been used in routine sur-
veillance for many years. No additional groupings were
created in NorSySS or in this analysis, as the system
contains only a subset of all possible ICPC-2 codes. Con-
structing broader diagnostic groupings would therefore
not have been appropriate, as they would be incomplete
and potentially misleading.

Comparing 2024 against a 2010-2019 baseline

Data was extracted for 99 ICPC-2 codes, and 2 ICPC-2
code combinations (Additional file 1), representing the
number of primary healthcare consultations per year.
While NorSySS contains 102 ICPC-2 codes, the codes
R991 (probable/suspected COVID-19) and R992 (con-
firmed COVID-19) were not included individually, as
they did not exist in NorSySS prior to 2020, and there-
fore a 2010—2019 baseline cannot be estimated. R991 and
R992 are rather included in the R** code combination.
A73 malaria was excluded due to insufficient cases.
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We used the data from 2010-2019 to predict expected
baselines for 2024, then calculated the excess values
for 2024 by subtracting the observed values from the
expected baselines.

To calculate the expected/excess values for 2024,
one analysis was performed for each ICPC-2 code
combination.

To investigate the appropriate model for the expected
baseline, three linear regressions were performed on data
between 2010-2019:

Model 1:

Outcome: Rate/100k
Covariate: Year as a continuous linear variable
with three-way interactions with age and sex.

Model 2:

Outcome: Rate/100k

Covariate: Year as a cubic spline with two degrees
of freedom with three-way interactions with age
and sex.

Model 3:

Outcome: Rate/100k

Covariate: Year as a cubic spline with three
degrees of freedom with three-way interactions
with age and sex.

The model with the lowest Akaike Information Criterion
(AIC) was selected, and then a Bayesian linear regression
was performed using the selected model between 2010—
2019, with 4 chains each containing 20,000 iterations. To
account for heteroscedasticity, residual standard devia-
tion was allowed to vary by age strata. Model fit was
assessed via residuals. For ICPC-2 codes R78 and P03 the
residual fit was poor, so the automatic model selection
process via AIC was disregarded and year as a continuous
linear variable was manually selected. The Bayesian lin-
ear regression was implemented using the “brms” pack-
age in R, which uses gradient-based Markov chain Monte
Carlo algorithms [29-31]. The expected baseline for 2020
to 2024 was then calculated by estimating the posterior
of the rate/100 k. The model results were aggregated up
to calculate totals for all ages and all sexes. The expected
baselines were then used to calculate the excess values
and corresponding 95% prediction intervals (95% PI).

The excess values were then restricted to 2024 and
corrected for multiple testing using false discovery rates
(FDR) with a threshold of 0.05. The ten ICPC-2 code
combinations with the largest absolute excesses were
then considered for further closer investigation.
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Temporal association between ICPC-2 diagnoses/
symptoms and community spread of COVID-19 between
2020 and 2024

As described in our earlier study, there is no consistent
data on community spread of COVID-19 in Norway for
the entire period of 2020 to 2023. Polymerase chain reac-
tion (PCR) testing and registering of test results were
only reliable until the implementation of the “vaccine-
only strategy” in 2022, and wastewater ribonucleic acid
(RNA) concentration measurements for SARS-CoV-2
were in place since mid-2022, however these measure-
ments were discontinued late 2023 [23].

A proxy therefore had to be created to identify a tempo-
ral correlation with community spread of COVID-19: the
“community spread index”. Specifically, we constructed
a weekly incidence of COVID-19 hospitalizations in a
hypothetical population where no-one is vaccinated, to
remove the period effect of pre/post-vaccinated Norway,
in the same manner of our previous study [23].

As NIPH ceased reporting the number of patients
hospitalized with SARS-CoV-2 in week 25 of 2024, we
needed to impute the data between weeks 26 and 52 in
2024. This was done by fitting a linear regression during
the period 2020-W14 to 2024-W25, with the outcome
being the weekly incidence of COVID-19 hospitaliza-
tions in a hypothetical population where no one is vac-
cinated, and the explanatory variables the proportion of
lab positive SARS-CoV-2 (as reported to MSIS labora-
tory database) interacting with the proportion of primary
healthcare consultations for COVID-19 (as reported
to NorSySS), both expressed as cubic splines with two
degrees of freedom. The remaining data for 2024 (2024-
W26 to 2024-W52) was predicted using this fitted model.
This variable was then rescaled into a maximum of 1
and a minimum of O for interpretation purposes, then
summed over quarterly periods (i.e. weeks 1-13, 14-26,
27-39, 40-52).

For each ICPC-2 code combination, the number of
consultations per quarterly period were calculated and
Pearson’s correlation coefficients were then calculated on
these quarterly datasets for:

1. Number of primary healthcare consultations versus
community spread of COVID-19 in the same
quarter.

2. Number of primary healthcare consultations versus
community spread of COVID-19 in the previous
quarter.

3. Number of primary healthcare consultations versus
community spread of COVID-19 two quarters prior.

Pearson's correlation coefficients with significance lev-
els under 5% were displayed in the main figures, without
correcting for multiple testing, as they were not utilized
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as standalone analyses. Rather, they were utilized as
descriptive aids to help in the interpretation of the main
results—excess/deficit in 2024 versus pre-pandemic
trends. We note that these temporal analyses are based
on N=20 data points (5 years x 4 quarters), which inher-
ently limits statistical power for detecting correlations.

Numerous human respiratory viruses demonstrate
pronounced winter seasonality in temperate climates,
however, animal models suggest that environmental
conditions may not translate to measurable impacts on
SARS-CoV-2 transmission [32]. US data has identified
possible bimodal seasonality for SARS-CoV-2, likely
linked to viral evolution and cyclical diversity [33]. Other
models show varying results [34]. However, in our Nor-
wegian data, we did not observe any seasonality, with no
month from 2020-2024 demonstrating consistent pat-
terns for more than 3 years (Additional file 2). Even when
only considering 2023 and 2024, the monthly patterns
were not consistent (Additional file 2), and as such, we
did not account for seasonality in our analyses.

Statistical software

All analyses were performed in R, version 4.5.1 [35],
using the org [36] and plnr [37] packages as the core of
the analytical workflow.
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Results

Total number of primary healthcare consultations
Considering a baseline modelled on 2010 to 2019, it
was expected that there would be 16,615,134 (95% PIL
16,362,412 to 16,868,392) total consultations in 2024.
We observed 17,800,365, an absolute excess of 1,185,231
(95% PI: 931,973 to 1,437,953), corresponding to a rela-
tive excess of 7.1% (95% PI: 5.5% to 8.8%) (Fig. 1).

Primary healthcare consultations for COVID-19

The number of primary healthcare consultations for
COVID-19 has changed dramatically since 2020; reach-
ing a new low in 2024; 6% of the 2022 peak (Table 1).

Community spread of COVID-19

The linear regression model used for imputation (fitted
on 2020-W14 to 2024-W25 data, predicting 2024-W26
to 2024-W52) showed a high R-squared value of 0.87 for
predicting COVID-19 hospitalizations from laboratory
positivity rates and primary care consultations. When
observing the community spread index, we observed
minimal SARS-CoV-2 spread in 2020 and 2021 (Addi-
tional file 3). 2022 was defined by three short and intense
COVID-19 waves, while 2023 and 2024 were character-
ized by long periods of medium levels of SARS-CoV-2
transmission (Additional file 3). The total area under
the curve for the community spread index for the years
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Table 1 Number of primary healthcare consultations for COVID-19 (R991 + R992) per year compared to the total number of excess
consultations (as defined by comparing against the modelled 2010-2019 baseline)

Year Number of excess consultations (compared to Number of primary healthcare consul-  Percentage of excess
modelled 2010-2019 baseline) tations for COVID-19 (R991 + R992) consultations directly

explained by COVID-
19 (R991+R992)

2020 749,884 (554,273 t0 942,100) 525,595 70.1% (55.8% to 94.8%)

2021 1,365,511 (1,159,907 to 1,572,100) 735126 53.8% (46.8% to 63.4%)

2022 1,455,987 (1,238,733 to 1,675,021) 982,544 67.5% (58.7% to 79.3%)

2023 1,371,797 (1,135,776 to 1,605,430) 196,785 14.3% (17.3% to 12.3%)

2024 1,185,231 (931,973 to 1,437,953) 60,750 5.1% (4.2% to 6.5%)

2020 through to 2024 were 0.3, 3.7, 22.9, 13.3, and 6.9
respectively.

2024 compared to 2010-2019
Results for all ages and sexes are available in Figs. 2 and 3
and Additional files 1, 4 and 5.

Examination of the residuals did not reveal any statisti-
cal issues with the models (Additional file 5).

The ten ICPC-2 code combinations with the largest
absolute excesses above the modelled baseline were R**
(respiratory infections), A04 (weakness/tiredness gen-
eral), P29 (psychological symptom/complaint other),
P02 (acute stress reaction), P03 (feeling depressed), P81
(hyperkinetic disorder), D01 (abdominal pain/cramps
general), P20 (memory disturbance), F70 (conjunctivi-
tis infectious), and A78 (infectious disease other/NOS)
(Figs. 2 and 3). For the total population, the absolute
excesses remained statistically significant after false dis-
covery rate corrections for all ten conditions (Figs. 2
and 3). We observed no large trend deviations in these
ten conditions during or after the 2009/2010 influenza
(HIN1) pandemic (Fig. 4).

The ten conditions with the highest absolute excess
accounted for 1,333,630 excess consultations in 2024,
which exceeded the total observed absolute excess of
1,185,231 consultations. Consultations for acute COVID-
19 accounted for 70.1% of total excess in 2020, 53.8% in
2021, 67.5% in 2022, but only 14.3% in 2023 and 5.1% in
2024 (Table 1).

The respiratory infections proxy (R**) represented the
largest category of excess consultations in 2024, with an
absolute excess of 325,726 consultations (95% PI: 144,288
to 506,189) and a relative excess of 20% (95% PI: 8% to
36%) (Fig. 3, S4 and Table S1). It should be noted that
from 2020 onwards, R** includes COVID-19. Within this
composite, several individual conditions showed striking
increases. R71 (whooping cough/pertussis) had an abso-
lute excess of 8,074 consultations (95% PI: 7,409 to 8,705)
and a relative excess of 343% (95% PI: 246% to 506%),
representing the highest relative excess of any condi-
tion examined (Figs. 3, S4). R81 (pneumonia) had an
absolute excess of 38,370 consultations (95% PI: 19,793
to 56,763) and an overall relative excess of 41% (95% PI:

18% to 76%), but showed extreme age-specific variation
with children aged 5-14 demonstrating a relative excess
of 1,066% (95% PI: 135% to 534,800%) while adults over
65 were not significantly different from the modelled
baseline (Table S72). RO5 (cough) had an absolute excess
of 91,342 consultations (95% PI: 72,401 to 110,361) and
a relative excess of 53% (95% PI: 38% to 73%), with chil-
dren aged 5-14 showing a relative excess of 257% (Figs. 3
and S4 and Table S1). R83 (respiratory infection other)
showed an absolute excess of 78,382 consultations (95%
PI: 41,318 to 112,734) and a relative excess of 73%. R72
(strep throat) had an absolute excess of 11,935 consul-
tations (95% PI: 7,171 to 16,692) and a relative excess of
41%, with consistent patterns of highest relative excess
in school-aged children across respiratory conditions
(Figs. 3 and S4 and Table S1).

Mental health presentations showed profound
increases across multiple domains. P29 (psychologi-
cal symptom/complaint other) had an absolute excess
of 188,978 consultations (95% PI: 176,676 to 201,509)
and a relative excess of 87% (95% PI: 77% to 99%), while
P02 (acute stress reaction) showed an absolute excess of
182,079 consultations (95% PI: 165,064 to 198,907) and a
relative excess of 76% (95% PI: 64% to 89%). P03 (feeling
depressed) had an absolute excess of 126,783 consulta-
tions (95% PI: 109,110 to 144,499) and a relative excess of
133% (95% PI: 97% to 187%) (Figs. 2 and S3 and Table S1).

Cognitive and behavioral conditions also showed sub-
stantial increases. P81 (hyperkinetic disorder) showed an
absolute excess of 112,763 consultations (95% PI: 108,974
to 116,531) and a relative excess of 116% (95% PI: 108%
to 125%), with notable gender disparity where females
had 2 and 3 times higher relative excess than males. P20
(memory disturbance) showed an absolute excess of
39,177 consultations (95% PI: 36,988 to 41,378) and a rel-
ative excess of 63% (95% PI: 58% to 69%), with the high-
est relative excess in children aged 5-14 (174%), females
20-29 (173%), and females 15-19 (146%) (Fig. 2 and S3
and Table S1).

Other conditions among the top ten absolute excess
deviations included AO04 (weakness/tiredness general)
with an absolute excess of 205,381 consultations (95%
PI: 186,161 to 224,576) and a relative excess of 70% (95%



White et al. Archives of Public Health (2026) 84:26 Page 7 of 18

Correlation with

All sexes Female Male COVID-19
community spread
A02 Chills — 0.48
AO3 Fever —{| 28 | 7 6 [ 13| 2 15 3 |8 |09 12 | 4 2 |5 |1 051 063
A04 Weakness/tiredness general —|[205| 6 | 6 | 26 | 148 | 20 146 | 3 | 4 | 19 | 108 12 59 | 2 6 |41 | 8 0.45 058
A05 Feeling ill —|-15| 2 |-09| 3| 7 | 3 -8 |-09|-05| 2 | 4| -2 -6 | -1 10| 3 | -1 0.61 057
A27 Fear of other diseases NOS —]| 22 | 2 | 1 [ 5 | 9 | 6 14 |09 08| 4 | 5 |3 10 |09 |07 | 2| 4|2 -0.60 -0.62 -0.57
A71 Measles — -0.0 -0.0 ~00 00
A72 Chickenpox —| 0.49 063 0.60 A
A74 Rubella — -0.0 -0.0 00 |-0.0 -0.0 -0.0 -00|-0.0 -0.0
A75 Infectious mononucleosis — -2 08 -1 05 -1.0 0.49 051 0.44
A76 Viral exanthem other— 8 | 1 03 | 08 2 |07 02 | 06 1|08 059
A77 Viral disease other/NOS —|| & 2|5 |os 5 1] 3 |os 3 09| 2
A78 Infectious disease other/NOS — 34 | 6 | 2 | 6 | 16| 4 20|38 | 1|38 |10]3 w3 | 1|26 053
B02 Lymph gland(s) enlarged/painful —{ 5 | 1 |07 09| 2 |05 3 04 06| 1 |04 2
B25 Fear of AIDS/HIV —]| 04 | -00 03 -0.0|-0.0 04 03 056 062
B70 Lymphadenitis acute —| 0s | o1 02 o B
B71 lymphadenitis non-specific —{| 03 01 02
D01 Abdominal pain/cramps general —| & 15 | 45 | 19 60 | 4 18 | 30 | 12 25 5| 7 0.49
D02 Abdominal pain epigastric — s 4 4 1] s
D06 Abdominal pain localized other —| 3 2 04 | 07
D08 Flatulence/gas/belching —| 3 1 1 08 1 07 | 05
D09 Nausea—]| 19| 2 [ 2| 4 | 10| 5 15 | 1 4|8 |3 4 |08 |-10 2 | 2 051
D10 Vomiting—]| 7 |08 | 4| 3 | 6 | 2 5 2| 2| 4|1 05 | -2 2 | 06 0.54 0.63
D11 Diarrhea—] 25 | 1 | 2| 4 |16 | 7 16 08| 2 [ 10| 4 9 (07| 1|1 |6 |3 0.49 052 0.49
D11+D70+D73 Gastroenteritis—]| 80 | 1 [-15| 9 | 28 | 7 23 7|6 |18|5 8 |09 |-8|3 |9 |3 051 065 0.47
D14 Hematemesis/vomiting blood —{| 04 02 | 02 01 03 0.1 0.1 054 D
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D25 Abdominal distension —] 04 03
D29 Digestive symptom/complaint other — 4 | o1 05| 2 | 1 2 | o1 04| 1 |09 1 05| 05
D70 Gastrointestinal infection —]| 5 |04 [-07| 2 | 4 |05 3 |02 |-03(09| 2 |05 2 |02 |-04|06| 2 051 0.60 0.53
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HO04 Ear discharge —{| 06 | 02 | o1 | 01 | 03 03 03 00 | 02 063 0.49
H13 Plugged feeling ear —|| 2 ! 057 057
H29 Ear symptom/complaint other —[ 3 | 4 s 7|2 09| 3 5|2 062 e | 1
H71 Acute otitis media/myringitis — 18 | 9 |08 | 2 | 6 |05 | | 10| 4 1] 4 o3 8 |5 07 | 2 066
H77 Perforation ear drum — -01 -02 01 072 0560
N16 Disturbance of smelitaste —{[0s] [ | [ [-o4] [Seefoo [ | TJoesfws] [ [ [ [ T [ | [ oo | [ | N
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Numbers in left three panels are in thousands (e.g. 2=2000) at the annual level.
Right panel shows significant (p<0.05) correlation (r) with COVID-19 community spread,
and was performed for all ages and sexes combined at quarterly level.

Fig. 2 Absolute excess/deficit (in 1000 s) of consultations in 2024 against 2010-2019 modelled baseline and correlation within COVID-19 community
spread for ICPC-2 codes A%, B, D¥, F*, H*, N¥, P*
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Correlation with

All sexes Female Male COVID-19
community spread
R** Respiratory infections —| 826 | &7 - 49 | 267 193 - 33 | 167 - 059
RO1 Pain respiratory system —| 09 05| 03| |04 0101 |02 05 03
R02 Shortness of breath/dyspnea —{| 15 |06 04| 2 | 8 | 4 6 1]3 10 | 06 08| 5 |3
R03 Wheezing — o1 0.1 0.48
R04 Breathing problem, other —{| 5 | 09 07| 2 |08 2 |03 02 05 3 |05 05| 2 053
R05 Cough —{[ ot | 27 | 7 | 12 | 40 53 | 13| 4 | 8|25 38 | 14 4 | 14
R06 Nose bleed/epistaxis —|| -2 -1 -02 -1
R0O7 Sneezing/nasal congestion —{| 2 | 09 -03 1 | o6
R08 Nose symptom/complaint other — 3 | 06 06| 1 |05 08 2 |04 04|09 |03
RO09 Sinus symptom/complaint — 4 04|08 | 3 2 04|04 | 2 0.1 04 047 053
R21 Throat symptom/complaint— 4 | 7 | 5| 3 | 8 | 1 8 |3 |82 3 |3 1.0 072 0.55
R24 Hemoptysis — 04 055
R25 Sputum/phlegm abnormal — 00
R27 Fear of respiratory di other— 2 |02 |03 |o02| 1 |03 09 [01]02]01]05 1 o104 06 | 02 054 —0.58 056
R29 Respiratory symptom/complaint other —|| 7 | o7 04| 4 | 2 3 |03 02| 2 |os 3 |04 11 R
R71 Whooping cough—{ & | 2 |09 08| 4 |05 5 | 1 |05|05| 2 |03 3|1 |04|03| 1 |02
R72 Strep throat—] 12 | & | 2 6 |07 6 | 3 | -1 4 | 04 6 | 3 0.3 0.64 0.58
R74 Upper respiratory infection acute — e a7 2 an 047
R75 Sinusitis acute/chronic —{ 33 |09 |2 | 5 | 26 | 3 26 | 05 s |19 2 04 0.49
R76 Tonsillitis acute — 2 | 6| -2 04 1] 8 1| -8 0.64 054
R77 Laryngitis/tracheitis acute — 01 052
R78 Acute bronchitis/bronchiolitis — 5 -13 0.47
R79 Chronic bronchitis — 05 | 00 03 00
R80 Influenza —{[E6dl -1 41| 10| | -38 5 -6 5 048
R81 Pneumonia—{ 38 | 10 | 4 | 7 | 24 21| 5 | 2 | 4|14 176 | 2|3 0.46
R82 Pleurisy/pleural effusion —| o7 03 02 0.47
R83 Respiratory infection other —| 78 | 14 1| 45 7|7 7 | 29 32 | 7
R95 Chronic obstructive pulmonary disorder — o1 01
R96 Asthma— 27 | 7 2 | 12| 5 13 | 2 1|8 13| 5 1
R99 Respiratory di other—]| 4 | o7 05 1 2 |03 0.4 2 | 04
S06 Rash localized—]| 13 | 2 o7 | 1 | 7 | 8 8 |10|04 09| 4 | 2 5 |09 [04|06| 3 |1 0.47
S07 Rash generalized —{| 7 | 2 04|09 | 3 | 1 4|1 |03|06| 2 |07 3|1 1
S10 Boil/carbuncle — -7 8| -2 -3 -2 -3 =2
S12 Insect bite/sting —
S17 Abrasion/scratch/blister —{ 7 4
S29 Skin symptom/complaint other —{| 19 | 2 | 1 | 2 | 11 10| 1 fos[ 1] 8 | 1 |o7 4 055
S70 Herpes zoster — 3 2 |1 2 01 1]
S71 Herpes simplex — 1 1 09 -03 08 0.4 | -04 s
S72 Scabies/other acariasis —{ -8 08| -2 -06
S73 Pediculosis/skin infestation other — 01
S74 Dermatophytosis —{ 10|07 |o05| 2 [ 6 | 1 4 |04 08| 2 6 | 03 09| 4 |09
S75 Moniliasis/candidiasis skin —
S76 Skin infection other —]| 6 |08 |04 | 1 | 3 4 |o5|02|05]| 2 2 [03|02]|06]| 1
S84 Impetigo—| 3 | 2 |03 |05 |o0s 1 | oo 02 | 03 2| 1 [o2]03
S95 Molluscum contagiosum —] 048
S99 Skin di , other — 0.4 -3 0.4 05| 2 2
u72 Urethritis [ [T e ] [T Do os [] \ \ | u
X14 Vaginal discharge female — 3 2
X23 Fear sexually transmitted disease female — -2 -2 X
X90 Genital herpes female — 04 01 03
X91 Condylomata acuminata female — 04 04 056 057 055
Y03 Urethral discharge male —| 00 04 0.46
Y25 Fear sexually transmitted disease male — -4 2 | v
Y72 Genital herpes male — 00
Y76 Condylomata acuminata male —| 01 -054 -051 055
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Numbers in left three panels are in thousands (e.g. 2=2000) at the annual level.
Right panel shows significant (p<0.05) correlation (r) with COVID-19 community spread,
and was performed for all ages and sexes combined at quarterly level.

Fig. 3 Absolute excess/deficit (in 1000 s) of consultations in 2024 against 2010-2019 modelled baseline and correlation within COVID-19 community
spread for ICPC-2 codes R¥, S*, U*, X*, Y*
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Fig. 4 Number of primary healthcare consultations per year from 2006-2024 for the 10 ICPC-2 code combinations with largest absolute excess in 2024
when compared against the 2010-2019 modelled baseline

PI: 60% to 82%). DO1 (abdominal pain/cramps general) and a relative excess of 81% (95% PI: 54% to 118%) (Fig. 2
had an absolute excess of 84,544 consultations (95% PI:  and S3 and Table S1).

69,965 to 99,041) and a relative excess of 29% (95% PI: Across conditions, consistent age-related patterns
23% to 36%). F70 (conjunctivitis) showed an absolute  emerged, with children aged 5-14 typically showing the
excess of 34,643 consultations (95% PI: 31,799 to 37,490)  highest relative excess, while adolescents aged 15-19
and a relative excess of 59% (95% PI: 51% to 67%), while  often demonstrated lower or non-significant excess.
A78 (infectious disease other/NOS) had an absolute = COVID-19 community spread showed the strongest cor-

excess of 33,556 consultations (95% PI: 26,397 to 40,606)  relations with conjunctivitis (0.65; 95% CI: 0.29 to 0.85;
prior quarter), strep throat (0.64; 95% CIL: 0.27 to 0.84;
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prior quarter), respiratory infections as a group (0.59;
95% CI: 0.20 to 0.82; same quarter), fatigue (0.58; 95%
CIL 0.19 to 0.82; prior quarter), infectious disease other
(0.53; 95% CI: 0.12 to 0.79; two quarters prior), memory
disturbances (0.50; 95% CI: 0.08 to 0.77; prior quarter),
and pneumonia (0.46; 95% CI: 0.03 to 0.75; prior quarter).
More detailed descriptions—including non-significant
correlations—are available in Additional file 6.

Deviations from expected pre-pandemic trends var-
ied in timing across conditions (Fig. 4). R** (respira-
tory infections, including COVID-19) began deviating
in 2020, peaked with larger excess in 2022, then showed
lower but still elevated excess in 2023 and 2024. P29 (psy-
chological symptoms), P02 (acute stress reactions), P81
(hyperkinetic disorder), and P20 (memory disturbances)
began deviating in 2020, with dramatic worsening from
2022-2024. A04 (weakness/tiredness general), P03 (feel-
ing depressed), D01 (abdominal pain), and A78 (infec-
tious disease other) showed initial deviations beginning
in 2021, with A04 (weakness/tiredness general) and A78
(infectious disease other) showing dramatic worsening
from 2022 onwards, while P03 (feeling depressed) wors-
ened dramatically from 2023 to 2024. F70 (conjunctivitis)
showed a distinct pattern with consultations lower than
expected in 2020-2021, returning to expected levels in
2022, then exceeding expectations in 2023-2024.

Discussion

Primary healthcare consultations in Norway exceeded
pre-pandemic expectations by 1,185,231 visits (7.1% rela-
tive excess) in 2024. The largest absolute increases were
observed for respiratory infections, fatigue, psychologi-
cal complaints, acute stress reactions, feeling depressed,
memory disturbances, and hyperkinetic disorders.
The absolute excess of these conditions accounted for
1,333,630 excess consultations, which exceeded the total
observed excess of 1,185,231, indicating we captured
the most significant increases. Females 15-29, children,
adolescents, and young adults observed disproportion-
ately large relative excesses of consultations for memory
disturbances. COVID-19 community spread was most
strongly correlated with conjunctivitis, strep throat,
respiratory infections, fatigue, infectious disease other,
memory disturbances, and pneumonia. Deviations from
pre-pandemic trends varied across conditions, with
respiratory and psychological disorders worsening from
2020 onward and several other conditions showing dra-
matic excess from 2022-2024.

This is an observational study of aggregated temporal
trends, so causal attribution is not possible. However,
given that the national COVID-19 strategy is predicated
on repeated SARS-CoV-2 reinfections, and that official
risk assessments do not account for PASC, this unique
situation raises concerns about the long-term health
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impacts of sustained SARS-CoV-2 circulation at the
population level. In the following we therefore exam-
ine whether existing literature is compatible with the
hypothesis that excess primary healthcare consultations
in 2024 could be partially attributed to PASC or alterna-
tive explanations.

Clinical perspectives and diagnostic coding in Norway
Internationally, PASC is recognized as a multi-organ
disorder with serious functional consequences [16].
However, prevailing perspectives within Norwegian
healthcare differ substantially from this international
consensus. In Norway, PASC is often framed as a psy-
chosocial condition—driven more by anxiety and per-
ception than by persistent physiological damage [38—40].
The Oslo Chronic Fatigue Consortium—a nationally
influential group of mostly Norwegian clinicians and
researchers—has described PASC and other post-infec-
tious disorders as “likely to reflect the brain's response
to a range of biological, psychological, and social factors,
rather than a specific disease process” [41]. The psycho-
logicalization of PASC is reflected in official Norwegian
guidance. For example, the National Health Library
(offered as a basic resource package to all healthcare per-
sonnel in Norway) lists the following under PASC treat-
ment for patients under 18 years old:

Psychoeducation: This involves reassuring patients
that there is no ongoing viral infection in the body,
that alternative causes of the symptoms have been
adequately investigated, and that many physical
complaints (such as "brain fog", palpitations,
shortness of breath, etc.) can be explained by
persistent physical stress responses. It is also
explained that excessive focus on these symptoms
and the expectation that they will occur can have a
self-reinforcing effect by increasing stress responses
and making the physical complaints more severe.
The aim of psychoeducation is therefore to reduce
the patient's level of worry and the tendency to focus
too much attention on symptoms [42].

These perspectives intersect with structural limitations in
diagnostic coding. ICPC-2, used by primary healthcare in
Norway, does not include a specific code for PASC. Cli-
nicians are instead required to code the patient’s most
dominant symptom. In July 2023, the Norwegian Direc-
torate of Health issued guidance to “dual code” both the
most dominant symptom along with R992 (confirmed
COVID-19) to flag PASC [22]. However, this practice
appears uncommon: in 2024, only 2,884 of the 498,734
consultations for fatigue were dual-coded with R992.
This suggests that the guidance has seen limited uptake
in practice. Whether this reflects low awareness, limited
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clinical suspicion, prevailing beliefs that PASC is rare
or primarily psychosocial in origin, or something else,
remains unclear. Regardless, the result is that potential
post-COVID sequelae may not be explicitly documented
in registry data.

These coding practices and clinical framings may help
explain the patterns observed in our data, where symp-
toms consistent with PASC appear under a range of diag-
nostic categories rather than being recognized as part of
a coherent syndrome.

The question of long-term immunodeficiency and immune
dysregulation after COVID-19

The substantial increases we observed in respiratory
infections in the periods following COVID-19 waves,
particularly pediatric pneumonia, align with emerging
evidence of post-COVID immune dysfunction. Immuno-
logical studies demonstrate persistent immune dysregu-
lation lasting months after infection [43, 44]. Although
more research is needed, the existing epidemiological
evidence suggests that this has translated into increased
infection rates in real-world populations [45]. Our tem-
poral correlations—with increases in strep throat and
pneumonia occurring after COVID-19 waves—are
compatible with this immune dysfunction hypothesis
[46—-49]. The excesses in whooping cough and pediatric
pneumonia corresponded to pertussis and mycoplasma
pneumoniae epidemics, compatible with post-COVID
immune dysfunction increasing population susceptibil-
ity. Notably, our results demonstrate the highest relative
increases in infections in children and young people, age
groups with the lowest coverage of COVID-19 vaccines.
This opens for the question of whether increased vaccine
uptake among younger individuals could have prevented
some of this increase.

Fatigue

Fatigue’s substantial deviations from pre-pandemic
trends (started in 2020, worsened in 2022) is compatible
with extensive evidence establishing fatigue as a primary
post-acute COVID-19 sequela. A systematic review of 50
controlled studies (14 + million participants) found 58%
increased fatigue risk following COVID-19 [50]. Stud-
ies report a lower risk of PASC in vaccinated individu-
als [51]; however, Norwegian data (57,000 participants)
showed even triple-vaccinated individuals had 70%
higher risk of prolonged fatigue after Omicron infection
[17].

The coding patterns we observed likely reflect the
absence of a specific PASC code in ICPC-2. Norwegian
primary care physicians use A04 (weakness/tiredness
general) when suspecting Myalgic Encephalomyelitis/
Chronic Fatigue Syndrome (ME/CEFS) [52], and the Nor-
wegian Labour and Welfare Administration (NAV) found
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182% increased risk of AO4-related sick leave in the
12 weeks following COVID-19 sick leave compared to
other illnesses [53]. Given that ME/CFS can develop in
PASC patients [54], these increases are compatible with
concerns about long-term functional consequences
of a population experiencing repeated SARS-CoV-2
infections.

Psychological complaints and stress reactions

The deviations from pre-pandemic trends for feeling
depressed (started in 2021, worsened in 2023), acute
stress reactions (started in 2020, worsened in 2023),
and other psychological complaints (started in 2021,
worsened in 2023) likely reflect multiple factors, includ-
ing pandemic disruption, Norway's cost-of-living crisis,
societal factors such as wars, the climate crisis, and both
the potential neurobiological effects of SARS-CoV-2 and
possible consequences of misclassification/psychologi-
zation of PASC. PASC is a deeply stigmatized disease,
with over 80% of patients reporting stigma [55, 56]. Both
stigmatization and psychologization of symptoms are
associated with increased concerns about disclosure,
reduced trust in medical care, elevated depression and
anxiety, and greater loneliness, while also being linked
to decreased life satisfaction and lower self-esteem [56].
However, studies also demonstrate increased risk of
feeling depressed following COVID-19 [57, 58], with
evidence pointing to neuroinflammation as a central
mechanism in neuroimmunological PASC [59]. In line
with this evidence, a certain level of increase in feeling
depressed would be compatible with the consequences
of widespread SARS-CoV-2 infections in Norway since
2022. However, a clear temporal association would not be
expected. This is concordant with our data.

It is important to clarify that the code P03 (feeling
depressed), which showed large excesses in 2024—
both absolute (126,783) and relative (133%)—repre-
sents a basic disturbance in affect and mood, distinct to
the disease of depression, which is classified under P76
(depression).

P29 (psychological symptom/complaint other) serves
as a catch-all code for psychological issues without obvi-
ous sources. The Norwegian Directorate of Health’s
ICPC-2 guide suggests P29 when searching for “slitenhet”
(“fatigue”) [60], and it is used in practice for conditions
including burnout [61], and suspected ME/CES [52]. P02
(acute stress reaction) is used for stressful life events that
impair social functioning [62], and is among the codes
Norwegian primary care physicians employ when sus-
pecting ME/CES [52].

These coding practices may obscure post-COVID pre-
sentations, as diverse PASC symptoms may be coded
under psychological categories despite physiological ori-
gins. NAV reports that (compared to people with sick
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leave for not COVID-19) people with COVID-19 sick
leave were 35%, 25%, and 18% more likely to have sub-
sequent depression, stress reaction, and P29-related
sick leave, respectively [53]. This is compatible with the
hypothesis that excess consultations for these conditions
may be at least partly related to PASC.

Cognitive impairment (memory disturbance and
hyperkinetic disorder)

The deviations from pre-pandemic trends for memory
disturbance (started in 2020, worsened in 2023) and
hyperkinetic disorder (started in 2020, worsened in 2023)
consultations are compatible with extensive evidence of
cognitive impairment as a post-acute COVID-19 sequela.
In accordance with this, a systematic review of 50 con-
trolled studies (14 + million participants) found non-hos-
pitalized COVID-19 patients had significantly increased
risks of poor memory (RR 2.74) and poor concentra-
tion (RR 4.86) [50]. Norwegian studies showed 140%
increased risk of poor memory and 100% increased risk
of brain fog after Omicron infection in triple-vaccinated
participants [17].

Both hyperkinetic disorder and memory disturbance
demonstrated notable gender disparities in consulta-
tion patterns. Females recorded approximately 2—3 times
higher relative excesses than males across all age groups
for hyperkinetic disorder and twice the relative excesses
among those aged 15-29 for memory disturbance. Stud-
ies have found the risk of PASC to be higher in females
[63, 64], consistent with reports of distinct immunologi-
cal processes of PASC in females and males [65]. Norwe-
gian data also show in triple vaccinated individuals that
the absolute risk of post-COVID-19 cognitive issues is
higher in women than men [17], in line with the Global
Burden of Disease Long Covid Collaborators who have
reported a disproportionately high prevalence of PASC—
including cognitive symptom clusters—in women [66].
Health seeking behaviour will also vary between the sexes
and age groups [67], possibly affecting results. It is nota-
ble that the relative excess in memory problems is highest
among children, while data for older adults in Norway,
an age group where a very high percentage have received
at least full primary series of three COVID-19 vaccines
and most also one or more booster doses, have com-
paratively lower relative excesses. Differences in the per-
ceived severity of cognitive symptoms may vary between
age groups, for instance may young adults in educational
training encounter more challenges than do older adults.
Data suggest that Norwegian screen use, one comple-
mentary explanation to cognitive symptoms, plateaued
or declined between 2021-2024 [68].

The neurological sequelae of COVID-19—concentra-
tion difficulties, impaired working memory, and men-
tal flexibility problems [69, 70]—closely mirror ADHD
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symptoms. In addition, since 2021/2022, there has been
a significant rise in Norwegian children with ADHD
[71]. Although it is outside of the scope of this study,
it is worth noting the concurrent rise in ADHD diag-
noses, hyperkinetic disorder consultations, and wide-
spread SARS-CoV-2 infections during this period. NAV
researchers have directly attributed increased hyperki-
netic disorder sick leave in working-age adults to PASC
[72].

Gastrointestinal complaints

The deviations from pre-pandemic trends for gastroin-
testinal complaints started in 2021. Abdominal pain is a
symptom of acute COVID-19 [73]. However, in our data
it was not significantly correlated with community spread
of COVID-19 in the same quarter. Studies report gas-
trointestinal complaints such as nausea and abdominal
pain as symptoms associated with post-acute sequelae
of COVID-19 [74]. A systematic review found increased
risks for long-term long-term abdominal pain (RR 1.44),
nausea/vomiting (RR 1.47), and diarrhea (RR 1.31) in
non-hospitalized COVID-19 patients [50].

In 2024, an internal NIPH investigation was launched
to find the cause of the increase in primary healthcare
consultations for gastritis, and found no increase in typi-
cal infectious gastroenteritis pathogens [23]. NAV find-
ings report that (compared to other illnesses) people
with COVID-19 sick leave were 176% more likely to have
subsequent gastroenteritis-related sick leave [53]. Stud-
ies demonstrate altered gut microbiome [75] and gastro-
intestinal barrier disruption in fatigued PASC patients
[76], suggesting that COVID-19 may disrupt pathways
related to GI barrier function, leading to GI symptoms
post-COVID-19. Thus, our findings are compatible with
an expected increase in gastrointestinal complaints after
periods of widespread SARS-CoV-2.

Conjunctivitis

Conjunctivitis has been recognized as a symptom of
acute COVD-19 [77]. The symptom became much more
prevalent after the emergence of the omicron variant
XBB.1.16 from mid 2023 [78]. This is compatible with our
conjunctivitis findings, which showed mild deviations
from the 2010-2019 baseline in 2023 and substantial
deviations in 2024.

Comparison with influenza patterns

COVID-19 is frequently compared to influenza, yet
neither during the 2009-2010 HIN1 pandemic nor
afterward did we observe increases in conditions now
showing substantial excesses. This distinction sug-
gests our observed patterns are specific to COVID-19
rather than reflecting general pandemic disruption or
typical post-viral syndromes. The absence of similar
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H1N1-associated increases strengthens the hypothesis
that current healthcare burden reflects unique SARS-
CoV-2 characteristics and post-acute sequelae.

Children and adolescents

Post-acute sequelae of COVID-19 are common in chil-
dren and adolescents [79]. A Norwegian study found
higher incidence of fatigue and brain fog 3—-5 months
after Omicron infection in 1500 children [17]. Our study
observed substantial excesses in memory disturbance
among children and adolescents, with girls and young
women disproportionately affected.

Unlike other countries, Norway has not invested in
information campaigns regarding prevention of COVID-
19 or other measures to protect children such as school
ventilation improvements [80]. Fewer than 10% of chil-
dren aged 11-12 have received COVID-19 vaccines, with
no booster recommendations [81-83], despite evidence
that vaccination reduces pediatric PASC risk [51, 84, 85].

Our results are compatible with Norwegian children
and young people experiencing significant excess mor-
bidity as a result of the lack of vaccine recommendations.

Comparison with previous study and international trends

Our results are consistent with our previous 2023 study
[23], revealing the situation worsened in 2024 and also
significantly affects children and adolescents—a trou-
bling development given widespread repeated SARS-
CoV-2 infections among Norwegian children since 2022.

These findings align with broader population health
deterioration observed both nationally and internation-
ally. In Norway, the period 2022-2024 with widespread
SARS-CoV-2 transmission coincided with 13.0%, 8.4%,
and 7.0% excess mortality respectively [86], representing
an unprecedented level of excess mortality in Norway's
modern public health history. This excess mortality, also
affecting those under 65, is compatible with uncontrolled
SARS-CoV-2 spread increasing deaths beyond acute
SARS-CoV-2 infection [87].

In Europe, sick leave peaked in 2022 at + 0.56 percent-
age points above 2019 levels, however, sick leave levels
remained elevated at+0.32 percentage points in 2024,
with 68% of countries showing higher rates than in 2019
[88]. After accounting for pre-pandemic trends (2010—
2019), life expectancy in 2024 was numerically lower
than forecast for 88% of EU countries, with an average
deficit of 0.27 years [89]. Given that EU life expectancy
increased by an average of 0.18 years annually from
2010-2019, this 0.27-year deficit means EU life expec-
tancy is now approximately 1.5 years behind the trajec-
tory established before the pandemic.

There are also reports of larger shifts: In Spain, self-
reported chronic health problems increased from sta-
ble 30% (2012-2019) to 50% by late 2024 [90-93]. In
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the United States, disability numbers remained steady
at 29-31 million until 2019, then rose continuously to
nearly 35 million by end-2024 [94].

These reports suggest our results reflect genuine shifts
in population health rather than measurement artifacts
or Norway-specific phenomena.

Alternative hypotheses than COVID-19
A more detailed discussion of alternative hypotheses
than COVID-19 is available in Additional File 7.

Before considering alternative hypotheses, it is impor-
tant to address the apparent contradiction between
declining diagnosis codes for acute COVID-19 and
the hypothesis of ongoing SARS-CoV-2 impact. The
decline in consultations with direct COVID-19 codes
(R991+R992) from 2023 onwards does not represent
a true magnitude of reduced transmission but rather
changes in testing policy. From 2023, for the majority of
the population, the Norwegian Institute of Public Health
recommended against testing for COVID-19 when symp-
tomatic [11]. This has led to few being tested for COVID-
19, including patients presenting with symptoms of
respiratory infection at GP consultations and emergency
room visits, resulting in substantial underreporting
despite continued widespread SARS-CoV-2 circulation.

The composition of consultations for respiratory infec-
tions has shifted substantially over time. In the early
pandemic period (2020-2022), acute COVID-19 codes
(R991 + R992) accounted for 70.1%, 53.8%, and 67.5% of
excess consultations in 2020, 2021, and 2022 respectively.
By 2024, R991 + R992 accounted for 5.1% of excess con-
sultations, yet respiratory infections remained substan-
tially elevated with striking increases in whooping cough
(343% relative excess), pneumonia in children aged 5-14
(1,066% relative excess), and cough in the same age group
(257% relative excess). This temporal shift suggests the
respiratory infection burden now reflects a combination
of miscategorized acute COVID-19 cases and increased
susceptibility to other respiratory pathogens, consistent
with documented post-acute sequelae features includ-
ing immune dysregulation and increased infection sus-
ceptibility [45]. However, temporal correlations between
respiratory infection increases and COVID-19 commu-
nity spread waves, combined with persistence two years
after mitigations ended in 2022, suggest factors beyond
simple rebound effects contribute to observed patterns.

When considering hypotheses other than COVID-19,
they must account for the fact that 2024 consultation
rates exceeded pre-pandemic trend projections. Pre-
existing factors cannot explain these increases unless
underlying trends accelerated after 2020 (Fig. 5).

A previous study noted an increase in ADHD-med-
ication from 2010-2020 across Scandinavia [95], con-
sistent with observed increases in primary healthcare



White et al. Archives of Public Health (2026) 84:26

Pre-pandemic

Pre-pandemic trend, increasing the
absolute number of consultations
due to e.g., medicalization, widening
diagnostic criteria, digitalization,
worsening economic and social
conditions. l

Primary healthcare consultations

1

1 Pre-pandemic trend,

1 continuing to increase
1 the absolute number of
1 consultations.

1
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2020-onwards

Additional burden that has occurred on
top of the expected increase from the pre-
pandemic trend.

Possibly explained by:

1. Newrrisk factors (e.g., COVID-19,
PASC, after-effects of pandemic
mitigations, new cost-of-living crisis)

2. An acceleration/increase of the pre-
pandemic risk factors (e.g., further
widening of diagnostic criteria since
2020)

Time

Fig. 5 Conceptual framework for distinguishing pre-pandemic trends from post-2020 increases in primary healthcare consultations

consultations for hyperkinetic disorder from 2010-2019.
Some researchers have suggested that this may relate to
increased medicalization [96] or widening diagnostic cri-
teria [97]. Crucially, however, our study observed an even
larger increase from 2020 onwards that rapidly outpaced
pre-pandemic trends, also observed in Denmark [97].
This suggests either a new risk factor has occurred (e.g.,
COVID-19) or pre-pandemic causes have accelerated
post-2020, or both (Fig. 5).

Regarding psychological complaints, an important
consideration is whether our findings reflect COVID-19
impacts versus broader national or global mental health
trends [98]. The magnitude and sustained elevation
from 2022-2024 suggest an acute acceleration beyond
historical trends. A similar increase has been observed
for medically certified sick leave [72]. According to the
Norwegian Labour and Welfare Administration, the
post-2021 increase in medically certified sick leave for
psychological complaints resulted from both longer leave
durations and more individuals taking such leave [72].
Sick leave for psychological issues increased across the
entire Norwegian population, indicating that there are
factors influencing the whole population, not just vulner-
able groups, at play [72]. Ultimately, the authors found no
support for the hypotheses that the increase in psycho-
logical issues is caused by social media, changes in sick
leave incentives, internet/screen-time usage, increased
work pressure, understaffing, or increase in home office
usage [72].

While healthcare digitalization may contribute to
increased consultation rates by improving access, it
cannot fully explain observed patterns. If digitalization
were the primary driver, we would expect relatively uni-
form increases across conditions amenable to telemedi-
cine. Instead, psychological symptoms (80% + relative
excess), hyperkinetic disorder (116%), memory distur-
bance (63%), and fatigue (70%) far exceeded the relative

excesses in other telemedicine-suitable conditions such
as skin rashes (30%). The mean annual number of con-
sultations per general practitioner also returned to pre-
pandemic levels by 2023 [23], indicating that by 2023
e-consultations replaced physical consultations without
additional healthcare seeking behavior.

Delayed healthcare, pent-up demand, general pan-
demic disruption, and economic stress could theoretically
contribute to increased primary healthcare utilization.
However, several observations argue against these as
fully explaining the observed patterns. Due to effective
mitigation strategies, Norway’s healthcare was not over-
whelmed during the acute phase of the pandemic [99].
Pent-up demand typically manifests as a temporary spike
followed by return to baseline, whereas our data show
sustained elevation through 2024 with consultation rates
remaining 7.1% above expected levels. The diagnostic
specificity of increases—concentrated in conditions com-
patible with PASC such as fatigue, memory disturbance,
and respiratory symptoms—is inconsistent with general
patterns of delayed routine or preventive care. Temporal
correlations between increases and SARS-CoV-2 circula-
tion patterns, combined with persistence through 2024
despite economic recovery [100], suggest factors beyond
pandemic disruption and economic stress are at play.

Limitations

The fundamental limitation of this study is that it is
a study based on aggregate data analyzing temporal
changes. While these condition-specific findings are
suggestive, the aggregate and ecological nature neces-
sitates caution in causal attribution. The design can-
not control for other pandemic-associated factors that
may have increased healthcare demand, such as feeling
depressed from preventative measures, activity loss, or
bereavement.
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Our estimates include data on digital consultations
conducted during out-of-office hours. However, there
may be coding inaccuracies in these data, as the higher
reimbursement rate for digital out-of-office hours con-
sultations compared to administrative patient contact
creates a potential financial incentive for miscoding
[101]. This adds some uncertainty as to the estimates for
excess consultations. However, the data show a clear and
substantial increase also when not including these con-
sultations, with a total of 17,170,953 consultations, corre-
sponding to an excess of 836,033 consultations, or a 5.1%
relative excess compared to expected levels.

The study cannot capture full SARS-CoV-2 spread due
to limited community transmission data, though our
proxy measure showed positive temporal correlations
across conditions. NorSySS captures only 102 of 710
available ICPC-2 codes, focusing on infectious diseases
and some post-acute syndromes. Since PASC affects
multiple organ systems, our findings may represent a
subset of broader healthcare changes. However, our ten
highest absolute excess conditions accounted for 112%
of the total observed excess of 1,185,231, indicating we
captured the most significant increases. The total is lower
because it represents the net balance across all condi-
tions—while some conditions had substantial increases,
others had fewer consultations than expected, partially
offsetting the overall excess. For unmeasured ICPC-2
codes to account for substantial absolute excesses, they
would require corresponding deficits in measured codes
of equivalent magnitude. We observed no such large defi-
cits within NorSySS' 102 codes, suggesting that simul-
taneous large increases and offsetting decreases are not
characteristic of this dataset. Furthermore, our previous
study examining all ICPC-2 codes for medically certified
sick leave in 2023 found substantially similar results, pro-
viding independent validation across complete diagnostic
coverage [23]. However, this does not hold true for rela-
tive excesses, and hence a notable limitation is that there
may be large relative excesses in the 608 unmeasured
codes, especially for less common ICPC-2 codes.

Our data cannot distinguish between acute COVID-19
and PASC consultations. Observed increases may reflect
early post-infection symptoms (some resolving, others
evolving into chronic PASC), established PASC cases
(3+months post-infection), or combinations thereof.
Given the lack of definitive PASC treatments [16],
patients with persistent symptoms may discontinue seek-
ing healthcare after initial contact, meaning our study
may capture initial healthcare engagement but miss sub-
sequent months or years of ongoing illness. This suggests
our findings likely underestimate the true health impact
of SARS-CoV-2 infections, as population-level health
burdens extend beyond what is captured in primary
healthcare utilization data.
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Strengths
This study utilizes national-level NorSySS registry data
ensuring near-complete coverage of Norwegian primary
healthcare consultations, including both GP and out-of-
hours visits. Age and sex stratification revealed differen-
tial impacts among children, adolescents, and adults. The
study expands upon our previous work, establishing that
concerning 2023 trends persisted and worsened in 2024.
Incorporation of a COVID-19 community spread proxy
enabled exploration of temporal correlations. The tem-
poral correlation analysis provides additional validation
of our findings. Conditions with the strongest biologi-
cal evidence for COVID causation showed the stron-
gest temporal correlations with COVID-19 community
spread. Respiratory infections like strep throat (r=0.64),
pneumonia (r=0.46), and conjunctivitis (»=0.65)—which
have clear mechanistic links to post-COVID immune
dysfunction—demonstrated the strongest correlations in
the prior quarter. Similarly, fatigue (r=0.58) and mem-
ory disturbance (r=0.50), well-established post-acute
COVID-19 sequelae, showed notable temporal asso-
ciations. In contrast, conditions with weaker biologi-
cal plausibility for COVID causation generally showed
weaker correlations, supporting our interpretation that
some of the observed increases are compatible with gen-
uine COVID-19 health impacts.

Conclusions

Substantial increases were observed in primary health-
care consultations in 2024 compared to pre-pandemic
levels. Many of the conditions with the greatest excess
are associated with post-acute COVID-19 sequelae, sup-
porting a notion that the lack of a specific diagnosis for
PASC in the ICPC coding system used by GPs in Norway
may have contributed to obscuring the prevalence of this
condition. The findings are compatible with the hypoth-
esis that the ongoing population-level health impacts are
associated with repeated SARS-CoV-2 infections, par-
ticularly among women, children, adolescents, and young
adults. Evidence from this study is compatible with chil-
dren in Norway experiencing excess morbidity related to
a lack of protection from SARS-CoV-2 vaccines. Given
that Norway's COVID-19 strategy and risk assessments
do not address PASC, this information provides critical
evidence for understanding the population health conse-
quences of policies that encourage repeated SARS-CoV-2
infections. These healthcare utilization patterns, together
with our previous findings of increased sick leave and
concurrent observations of excess mortality during
2022-2024, suggest that inaction in the face of these sig-
nals may institutionalize chronic illness within the pop-
ulation, with far-reaching consequences for workforce
participation, healthcare capacity, and national economic
stability. More research is needed to establish clearer
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associations between symptoms and long-term effects
of SARS-CoV-2 infections, and their consequences for
healthcare utilization and society as a whole.

Abbreviations

COVID-19 Coronavirus disease 2019

FDR False discovery rate

ICPC-2 International Classification of Primary Care version 2

KPR Municipal Patient and User Register; Norwegian: Kommunalt
pasient- og brukerregister

KUHR Control and Payment of Health Reimbursements; Norwegian:
Kontroll og utbetaling av helserefusjoner

ME/CFS Myalgic Encephalomyelitis/Chronic Fatigue Syndrome

NIPH Norwegian Institute of Public Health; Norwegian:
Folkehelseinstituttet

NorSySS Norwegian Syndromic Surveillance System; Norwegian: Det
norske syndromiske overvakingssystemet

PCR Polymerase chain reaction

Pl Prediction interval

RNA Ribonucleic acid

SARS-CoV-2  Severe acute respiratory syndrome coronavirus 2

Supplementary Information
The online version contains supplementary material available at https://doi.or
g9/10.1186/513690-025-01817-8.

Additional file 1. Estimates for 101 ICPC-2 code combinations and all sex
and age combinations.

Additional file 2. Seasonality analysis of COVID-19 in Norway.

Additional file 3. Different measures of COVID-19 community spread
between 2020-W09 and 2024-W52.

Additional file 4. Ratio of 2024 incidence against 2010-2019 modelled
baseline and correlation within COVID-19 community spread for ICPC-2
codes A%, B¥, D¥, F*, H*, N¥, P¥, R¥, S¥, U*, X*, Y*,

Additional file 5. Trend graphs and residual diagnostic plots for the results
in Additional File 1.

Additional file 6. Detailed results supplement.

Additional file 7. Detailed alternate theories than COVID-19 supplement.

Acknowledgements
Not applicable.

Authors’ contributions

RAW and BVS acquired the data. RAW performed the analysis. All authors
contributed to the writing and editing of the manuscript. All authors read and
approved the final manuscript.

Funding

Open access funding provided by Norwegian Institute of Public Health (FHI).
The Norwegian state employees (RAW, BVS) performed this work as a part

of their daily tasks and are funded by the Norwegian state. The findings and
conclusions in this report are those of the authors and do not necessarily
represent the views of their employers.

Data availability

The data that support the findings of this study are available from the
Norwegian Syndromic Surveillance System, which were used under license for
the current study, and so are not publicly available. Applications for data may
be made to the Norwegian Syndromic Surveillance System.

Declarations

Ethics approval and consent to participate
Not applicable. All data are aggregate registry data.

Page 16 of 18

Consent for publication
Not applicable.

Competing interests

RAW and BVS are employed by the Norwegian Institute of Public Health,
which is responsible for providing guidance and recommendations regarding
COVID-19 in Norway.

Author details

1Norwegian Institute of Public Health, Oslo, Norway

“Norwegian University of Science and Technology, Trondheim, Norway
30slo University Hospital, Oslo, Norway

Received: 22 July 2025 / Accepted: 8 December 2025
Published online: 02 January 2026

References

1. Peluso MJ, Deeks SG. Mechanisms of long COVID and the path toward thera-
peutics. Cell. 2024;187:5500-29. https://doi.org/10.1016/j.cell.2024.07.054.

2. Ford ND. Long COVID and significant activity limitation among adults, by age
— United States, June 1-13, 2022, to June 7-19, 2023. MMWR Morb Mortal
WKly Rep. 2023. https://doi.org/10.15585/mmwr.mm?7232a3.

3. Bartsch SM, Chin KL, Strych U, John DC, Shah TD, Bottazzi ME, et al. The
current and future burden of long COVID in the United States. J Infect Dis.
2025;iaf030. https://doi.org/10.1093/infdis/jiaf030.

4. Altmann DM, Whettlock EM, Liu S, Arachchillage DJ, Boyton RJ. The immunol-
ogy of long COVID. Nat Rev Immunol. 2023;23:618-34. https://doi.org/10.103
8/541577-023-00904-7.

5. Al-Aly Z, Davis H, McCorkell L, Soares L, Wulf-Hanson S, Iwasaki A, et al. Long
COVID science, research and policy. Nat Med. 2024;30:2148-64. https://doi.or
9/10.1038/541591-024-03173-6.

6. CostantinoV, Grafton Q, Kompas T, Chu L, Honeyman D, Notaras A, et al. The
public health and economic burden of long <sc>COVID</sc>in Australia,
2022-24: a modelling study. Med J Aust. 2024;221(4):217-23. https://doi.org/
10.5694/mja2.52400.

7. Kwon J, Mensah J, Milne R, Rayner C, Lawrence RR, De Kock J, et al. Health
economic outcomes and national economic impacts associated with Long
COVID in England and Scotland. Eur J Health Econ 2025 https://doi.org/10.10
07/510198-025-01788-1.

8. Helse og omsorgsdepartementet. Regjeringens strategi og beredskapsplan
for handteringen av covid-19-pandemien (The government’s strategy and
preparedness plan for handling the COVID-19 pandemic). Regjeringen.no
2023. https://www.regjeringen.no/no/dokumentarkiv/regjeringen-stoere/an
dre-dokumenter/hod/2023/regjeringens-strategi-og-beredskapsplan-for-han
dteringen-av-covid-19-pandemien/id2987438/. Accessed 27 Mar 2025.

9. World Health Organization. Clinical management of COVID-19: living guide-
line, 18 August 2023. World Health Organization; 2023.

10.  Norwegian Institute of Public Health. Epidemier av luftveisinfeksjoner i Norge
vinteren 2023-24: risiko, scenarioer og handtering (Epidemics of respiratory
infections in Norway in winter 2023-24: Risks, scenarios and handling) 2023.

11. Fausko L. FHI-overlege om coronatesting: - Jeg gidder ikke. VG 2023. htt
ps://www.vg.no/nyheter/i/8JK78r/fhi-om-coronatesting-jeg-gidder-ikke.
Accessed 2 July 2025.

12. New-onset, self-reported long COVID after coronavirus (COVID-19) reinfec-
tion in the UK - Office for National Statistics n.d. https://www.ons.gov.uk/peo
plepopulationandcommunity/healthandsocialcare/conditionsanddiseases/b
ulletins/newonsetselfreportedlongcovidaftercoronaviruscovid 19reinfectionin
theuk/23february2023. Accessed 27 May 2025.

13. Bowe B, Xie Y, Al-Aly Z. Acute and postacute sequelae associated with SARS-
CoV-2 reinfection. Nat Med. 2022,28:2398-405. https://doi.org/10.1038/54159
1-022-02051-3.

14. Government of Canada SC. Experiences of Canadians with long-term symp-
toms following COVID-19 2023. https://www150.statcan.gc.ca/n1/pub/75-00
6-x/2023001/article/00015-eng.htm. Accessed 27 May 2025.

15. Todal PA. Med smitte skal landet vernast (Through infection, the country shall
be protected) 2024. https://www.dagogtid.no/samfunn/med-smitte-skal-lan
det-vernast/143147. Accessed 27 Mar 2025.

16. Greenhalgh T, Sivan M, Perlowski A, Nikolich JZ. Long COVID: a clinical
update. Lancet. 2024;404:707-24. https://doi.org/10.1016/50140-6736(24)011
36-X.


https://doi.org/10.1186/s13690-025-01817-8
https://doi.org/10.1186/s13690-025-01817-8
https://doi.org/10.1016/j.cell.2024.07.054
https://doi.org/10.15585/mmwr.mm7232a3
https://doi.org/10.1093/infdis/jiaf030
https://doi.org/10.1038/s41577-023-00904-7
https://doi.org/10.1038/s41577-023-00904-7
https://doi.org/10.1038/s41591-024-03173-6
https://doi.org/10.1038/s41591-024-03173-6
https://doi.org/10.5694/mja2.52400
https://doi.org/10.5694/mja2.52400
https://doi.org/10.1007/s10198-025-01788-1
https://doi.org/10.1007/s10198-025-01788-1
https://www.regjeringen.no/no/dokumentarkiv/regjeringen-stoere/andre-dokumenter/hod/2023/regjeringens-strategi-og-beredskapsplan-for-handteringen-av-covid-19-pandemien/id2987438/
https://www.regjeringen.no/no/dokumentarkiv/regjeringen-stoere/andre-dokumenter/hod/2023/regjeringens-strategi-og-beredskapsplan-for-handteringen-av-covid-19-pandemien/id2987438/
https://www.regjeringen.no/no/dokumentarkiv/regjeringen-stoere/andre-dokumenter/hod/2023/regjeringens-strategi-og-beredskapsplan-for-handteringen-av-covid-19-pandemien/id2987438/
https://www.vg.no/nyheter/i/8JK78r/fhi-om-coronatesting-jeg-gidder-ikke
https://www.vg.no/nyheter/i/8JK78r/fhi-om-coronatesting-jeg-gidder-ikke
https://www.ons.gov.uk/peoplepopulationandcommunity/healthandsocialcare/conditionsanddiseases/bulletins/newonsetselfreportedlongcovidaftercoronaviruscovid19reinfectionintheuk/23february2023
https://www.ons.gov.uk/peoplepopulationandcommunity/healthandsocialcare/conditionsanddiseases/bulletins/newonsetselfreportedlongcovidaftercoronaviruscovid19reinfectionintheuk/23february2023
https://www.ons.gov.uk/peoplepopulationandcommunity/healthandsocialcare/conditionsanddiseases/bulletins/newonsetselfreportedlongcovidaftercoronaviruscovid19reinfectionintheuk/23february2023
https://www.ons.gov.uk/peoplepopulationandcommunity/healthandsocialcare/conditionsanddiseases/bulletins/newonsetselfreportedlongcovidaftercoronaviruscovid19reinfectionintheuk/23february2023
https://doi.org/10.1038/s41591-022-02051-3
https://doi.org/10.1038/s41591-022-02051-3
https://www150.statcan.gc.ca/n1/pub/75-006-x/2023001/article/00015-eng.htm
https://www150.statcan.gc.ca/n1/pub/75-006-x/2023001/article/00015-eng.htm
https://www.dagogtid.no/samfunn/med-smitte-skal-landet-vernast/143147
https://www.dagogtid.no/samfunn/med-smitte-skal-landet-vernast/143147
https://doi.org/10.1016/S0140-6736(24)01136-X
https://doi.org/10.1016/S0140-6736(24)01136-X

White et al. Archives of Public Health

20.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

(2026) 84:26

Caspersen IH, Skodvin SN, Blix K, Robertson AH, Laake |, Feiring B, et

al. Post-COVID symptoms after SARS-CoV-2 omicron infection and the

effect of booster vaccination: a population-based cohort study. Vaccine.
2025;47:126664. https://doi.org/10.1016/j.vaccine.2024.126664.

Xie Y, ChoiT, Al-Aly Z. Postacute sequelae of SARS-CoV-2 infection in the pre-
Delta, Delta, and Omicron eras. N Engl J Med. 2024,391:515-25. https://doi.or
9/10.1056/NEJMoa2403211.

Spiliopoulos L, Serensen AlV, Bager P, Nielsen NM, Hansen JV, Koch A, et

al. Postacute symptoms 4 months after SARS-CoV-2 infection during the
Omicron period: a nationwide Danish questionnaire study. Am J Epidemiol.
2024;193:1106-14. https://doi.org/10.1093/aje/kwad225.

International Classification of Primary Care, 2nd edition (ICPC-2) n.d. https://w
ww.who.int/standards/classifications/other-classifications/international-classi
fication-of-primary-care. Accessed 2 June 2025.

Okkes I, Jamoulle M, Lamberts H, Bentzen N. ICPC-2-E: the electronic version
of ICPC-2 differences from the printed version and the consequences. Fam
Pract. 2000;17:101-7. https://doi.org/10.1093/fampra/17.2.101.

Koderettleiing ved covid-19. Helsedirektoratet n.d. https://www.helsedirektor
atet.no/digitalisering-og-e-helse/helsefaglige-kodeverk/icpc/koderettleiing-v
ed-covid-19. Accessed 2 June 2025.

White RA, Zhang C, Valcarcel Salamanca B, Angelsen A, Zakiudin DP, Andries
A, et al. Aberrations in medically certified sick leave and primary healthcare
consultations in Norway in 2023 compared to pre-COVID-19-pandemic
trends. Arch Public Health. 2024;82:187. https://doi.org/10.1186/513690-024-0
1411-4.

World Health Organization. Ending the COVID-19 emergency and transition-
ing from emergency phase to longer-term disease management: Guidance
on calibrating the response 2023. https://iris.who.int/bitstream/handle/106
65/372712/WHO-WHE-SPP-2023.2-eng.pdf?sequence=1. Accessed 21 July
2025.

Swanson D, Koren C, Hopp P, Jonsson ME, Rg GI, White RA, et al. A one health
real-time surveillance system for nowcasting Campylobacter gastrointestinal
iliness outbreaks, Norway, week 30 2010 to week 11 2022. Euro Surveill Bull
Eur Sur Mal Transm Eur Commun Dis Bull. 2022;27:2101121. https://doi.org/1
0.2807/1560-7917.£5.2022.27.43.2101121.

Flere fastleger - regjeringen.no n.d. https://www.regjeringen.no/no/aktuelt/fl
ere-fastleger/id3024659/ Accessed August 25, 2025.

Konsultasjoner med fastlege. Helsedirektoratet n.d. https://www.helsedirekto
ratet.no/rapporter/allmennlegetjenesten-arsrapport-2023-inklusive-status-p
er-mai-2024/befolkningens-bruk-av-fastlege-og-legevakt/konsultasjoner-me
d-fastlege. Accessed 10 Sept 2025.

Analyse- og kontrollrapporter fra Helfo. Helfo - Helseakterer n.d. https://www.h
elfo.no/kontroll/analyse-og-kontrollrapporter-fra-helfo. Accessed 25 Aug 2025.
Burkner P-C. brms: an R package for Bayesian multilevel models using Stan. J
Stat Softw. 2017;80:1-28. https://doi.org/10.18637/jss.v080.i01.

Burkner P-C. Advanced Bayesian multilevel modeling with the R package
brms. R J. 2018;10:395-411. https://doi.org/10.32614/RJ-2018-017.

Burkner P-C. Bayesian item response modeling in R with brms and Stan. J Stat
Softw. 2021;100:1-54. https://doi.org/10.18637/jss.v100.i05.

Yinda CK, Port JR, Bushmaker T, Schulz JE, Gallogly S, Fischer RJ, et al. Airborne
transmission efficiency of SARS-CoV-2 in Syrian hamsters is not influenced by
environmental conditions. NPJ Viruses. 2024;2:2. https://doi.org/10.1038/s442
98-023-00011-3.

Rose EB, Paden CR, Cook PW, Ma KC, Winn A, Castro J, et al. Estimated COVID-
19 periodicity and correlation with SARS-CoV-2 spike protein S1 antigenic
diversity, United States. Emerg Infect Dis. 2025. https://doi.org/10.3201/eid31
08.250451.

JCVI statement on COVID-19 vaccination in 2025 and spring 2026. GOVUK
n.d. https://www.gov.uk/government/publications/covid-19-vaccination-in
-2025-and-spring-2026-jcvi-advice/jcvi-statement-on-covid-19-vaccination-i
n-2025-and-spring-2026. Accessed 15 Oct 2025.

R Core Team. R: A Language and Environment for Statistical Computing.
Vienna, Austria: R Foundation for Statistical Computing; 2024.

White RA. org: Organising Projects 2019:2024.6.5. https://doi.org/10.32614/CR
AN.package.org.

White RA. plnr: A System for Planing Analyses 2022:2022.11.23. https://doi.org
/10.32614/CRAN.package.plnr.

Vogt H. Medier og forskere maler fanden pé& veggen om «langvarig covid-19»
og kronisk utmattelse 2020. https://www.aftenposten.no/meninger/kronikk/i
/opdB6a/en-fryktdrevet-pandemi-av-varige-helseproblemer. Accessed 2 July
2025.

Vogt H. En fryktdrevet pandemi av varige helseproblemer 2020.

40.

41.

42.

43.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

Page 17 of 18

Olaisen SR. Legar seier korona kan vare kortare om ein ikkje er redd: - Kjipt a
heyre. NRK 2022. https://www.nrk.no/nordland/frykt-for-korona-forlenger-f
orlopet_-meiner-lege -kognitive-teknikkar-kan-vere-ei-loysing-1.15837918.
Accessed 2 July 2025.

Alme TN, Andreasson A, Asprusten TT, Bakken AK, Beadsworth MB, Boye B,

et al. Chronic fatigue syndromes: real illnesses that people can recover from.
Scand J Prim Health Care. 2023;41:372-6. https://doi.org/10.1080/02813432.2
023.2235600.

Wyller VBB. 3.29 Senfalger etter COVID-19 (<Long COVID») hos barn og
ungdommer under 18 ar - diagnostikk, behandling og henvisningsrutiner.
Helsebiblioteket n.d. https://www.helsebiblioteket.no/innhold/retningslinjer/
pediatri/generell-veileder-i-pediatri/3.infeksjoner-vaksiner-og-undersokelse-a
v-adoptivbarn/3.29-senfolger-etter-covid-19-long-covid-hos-barn-og-ungdo
mmer-under-18-ar--diagnostikk-behandling-og-henvisningsrutiner. Accessed
10 Sept 2025.

Ruf W. Immune damage in long covid. Science. 2024;383:262-3. https://doi.or
9/10.1126/science.adn1077.

Files JK, Boppana S, Perez MD, Sarkar S, Lowman KE, Qin K; et al. Sustained
cellular immune dysregulation in individuals recovering from SARS-CoV-2
infection. J Clin Invest. 2021. https://doi.org/10.1172/JCI140491.

Cai M, Xu E, Xie Y, Al-Aly Z. Rates of infection with other pathogens after a
positive COVID-19 test versus a negative test in US veterans (November,
2021, to December, 2023): a retrospective cohort study. Lancet Infect Dis.
2025(8). https://doi.org/10.1016/S1473-3099(24)00831-4.

Wang L, Davis PB, Berger N, Kaelber DC, Volkow N, Xu R. Association of
COVID-19 with respiratory syncytial virus (RSV) infections in children aged
0-5 years in the USA in 2022: a multicentre retrospective cohort study. Fam
Med Community Health. 2023;11:e002456. https://doi.org/10.1136/fmch-202
3-002456.

Mizrahi B, Sudry T, Flaks-Manov N, Yehezkelli Y, Kalkstein N, Akiva P, et al. Long
covid outcomes at one year after mild SARS-CoV-2 infection: nationwide cohort
study. BMJ. 2023;380:e072529. https://doi.org/10.1136/bmj-2022-072529.
Salarmanca BV, Cyr PR, Bentdal YE, Watle SV, Wester AL, Strand AMW, et al.
Increase in invasive group A streptococcal infections (iGAS) in children and
older adults, Norway, 2022 to 2024. Euro Surveill. 2024;29:2400242. https://do
i.0rg/10.2807/1560-7917.£5.2024.29.20.2400242.

Mahesh T, Changela S, Duong KS, Henry S, Wang SH, Duong TQ. New-onset
conjunctivitis 3.5 years post SARS-CoV-2 infection in an inner-city population
in the Bronx. BMJ Open Ophthalmol 2025;10 https://doi.org/10.1136/bmjoph
th-2024-001993.

O'Mahoney LL, Routen A, Gillies C, Jenkins SA, Almaghawi A, Ayoubkhani D,
et al. The risk of long Covid symptoms: a systematic review and meta-analysis
of controlled studies. Nat Commun. 2025;16:4249. https://doi.org/10.1038/s4
1467-025-59012-w.

Hedberg P, van der Werff SD, Nauclér P. The effect of COVID-19 vaccination
on the risk of persistent post-COVID-19 condition: cohort study. J Infect Dis.
2025;231:€941-4. https://doi.org/10.1093/infdis/jiaf133.

Jan Lippestad, Nanna Kurtze, Anne Mette Bjerkan. Status for helse- og oms-
orgstilbudet til pasienter med CFS/ME i Norge. SINTEF; 2011.

Moberg LL, Kabash S. Sykefravaer etter covid-19. Arb Og Velferd.
2023;2023:25-40.

Vernon SD, Zheng T, Do H, Marconi VC, Jason LA, Singer NG, et al. Incidence
and prevalence of post-COVID-19 myalgic encephalomyelitis: a report from
the observational RECOVER-adult study. J Gen Intern Med. 2025;40:1085-94.
https://doi.org/10.1007/511606-024-09290-9.

Pantelic M, Ziauddeen N, Boyes M, O'Hara ME, Hastie C, Alwan NA. Long
Covid stigma: estimating burden and validating scale in a UK-based sample.
PLoS One. 2022;17:€0277317. https://doi.org/10.1371/journal.pone.0277317.
Biichner R, Sander C, Schindler S, Walter M, Scheibenbogen C, Schomerus
G."Have you considered that it could be burnout?”—psychologization and
stigmatization of self-reported long COVID or post-COVID-19 vaccination
syndrome. BMC Med. 2025;23:488. https;//doi.org/10.1186/512916-025-04335-0.
Taquet M, Sillett R, Zhu L, Mendel J, Camplisson |, Dercon Q, et al. Neurologi-
cal and psychiatric risk trajectories after SARS-CoV-2 infection: an analysis

of 2-year retrospective cohort studies including 1 284 437 patients. Lancet
Psychiatry. 2022,9:815-27. https://doi.org/10.1016/52215-0366(22)00260-7.
Taquet M, Geddes JR, Husain M, Luciano S, Harrison PJ. 6-month neurological
and psychiatric outcomes in 236 379 survivors of COVID-19: a retrospective
cohort study using electronic health records. Lancet Psychiatry. 2021;8:416—
27. https://doi.org/10.1016/52215-0366(21)00084-5.

Moen JK, Baker CA, Iwasaki A. Neuroimmune pathophysiology of long COVID.
Psychiatry Clin Neurosci n.d,n/a. https://doi.org/10.1111/pcn.13855


https://doi.org/10.1016/j.vaccine.2024.126664
https://doi.org/10.1056/NEJMoa2403211
https://doi.org/10.1056/NEJMoa2403211
https://doi.org/10.1093/aje/kwad225
https://www.who.int/standards/classifications/other-classifications/international-classification-of-primary-care
https://www.who.int/standards/classifications/other-classifications/international-classification-of-primary-care
https://www.who.int/standards/classifications/other-classifications/international-classification-of-primary-care
https://doi.org/10.1093/fampra/17.2.101
https://www.helsedirektoratet.no/digitalisering-og-e-helse/helsefaglige-kodeverk/icpc/koderettleiing-ved-covid-19
https://www.helsedirektoratet.no/digitalisering-og-e-helse/helsefaglige-kodeverk/icpc/koderettleiing-ved-covid-19
https://www.helsedirektoratet.no/digitalisering-og-e-helse/helsefaglige-kodeverk/icpc/koderettleiing-ved-covid-19
https://doi.org/10.1186/s13690-024-01411-4
https://doi.org/10.1186/s13690-024-01411-4
https://iris.who.int/bitstream/handle/10665/372712/WHO-WHE-SPP-2023.2-eng.pdf?sequence=1
https://iris.who.int/bitstream/handle/10665/372712/WHO-WHE-SPP-2023.2-eng.pdf?sequence=1
https://doi.org/10.2807/1560-7917.ES.2022.27.43.2101121
https://doi.org/10.2807/1560-7917.ES.2022.27.43.2101121
https://www.regjeringen.no/no/aktuelt/flere-fastleger/id3024659/
https://www.regjeringen.no/no/aktuelt/flere-fastleger/id3024659/
https://www.helsedirektoratet.no/rapporter/allmennlegetjenesten-arsrapport-2023-inklusive-status-per-mai-2024/befolkningens-bruk-av-fastlege-og-legevakt/konsultasjoner-med-fastlege
https://www.helsedirektoratet.no/rapporter/allmennlegetjenesten-arsrapport-2023-inklusive-status-per-mai-2024/befolkningens-bruk-av-fastlege-og-legevakt/konsultasjoner-med-fastlege
https://www.helsedirektoratet.no/rapporter/allmennlegetjenesten-arsrapport-2023-inklusive-status-per-mai-2024/befolkningens-bruk-av-fastlege-og-legevakt/konsultasjoner-med-fastlege
https://www.helsedirektoratet.no/rapporter/allmennlegetjenesten-arsrapport-2023-inklusive-status-per-mai-2024/befolkningens-bruk-av-fastlege-og-legevakt/konsultasjoner-med-fastlege
https://www.helfo.no/kontroll/analyse-og-kontrollrapporter-fra-helfo
https://www.helfo.no/kontroll/analyse-og-kontrollrapporter-fra-helfo
https://doi.org/10.18637/jss.v080.i01
https://doi.org/10.32614/RJ-2018-017
https://doi.org/10.18637/jss.v100.i05
https://doi.org/10.1038/s44298-023-00011-3
https://doi.org/10.1038/s44298-023-00011-3
https://doi.org/10.3201/eid3108.250451
https://doi.org/10.3201/eid3108.250451
https://www.gov.uk/government/publications/covid-19-vaccination-in-2025-and-spring-2026-jcvi-advice/jcvi-statement-on-covid-19-vaccination-in-2025-and-spring-2026
https://www.gov.uk/government/publications/covid-19-vaccination-in-2025-and-spring-2026-jcvi-advice/jcvi-statement-on-covid-19-vaccination-in-2025-and-spring-2026
https://www.gov.uk/government/publications/covid-19-vaccination-in-2025-and-spring-2026-jcvi-advice/jcvi-statement-on-covid-19-vaccination-in-2025-and-spring-2026
https://doi.org/10.32614/CRAN.package.org
https://doi.org/10.32614/CRAN.package.org
https://doi.org/10.32614/CRAN.package.plnr
https://doi.org/10.32614/CRAN.package.plnr
https://www.aftenposten.no/meninger/kronikk/i/opdB6a/en-fryktdrevet-pandemi-av-varige-helseproblemer
https://www.aftenposten.no/meninger/kronikk/i/opdB6a/en-fryktdrevet-pandemi-av-varige-helseproblemer
https://www.nrk.no/nordland/frykt-for-korona-forlenger-forlopet_-meiner-lege.-kognitive-teknikkar-kan-vere-ei-loysing-1.15837918
https://www.nrk.no/nordland/frykt-for-korona-forlenger-forlopet_-meiner-lege.-kognitive-teknikkar-kan-vere-ei-loysing-1.15837918
https://doi.org/10.1080/02813432.2023.2235609
https://doi.org/10.1080/02813432.2023.2235609
https://www.helsebiblioteket.no/innhold/retningslinjer/pediatri/generell-veileder-i-pediatri/3.infeksjoner-vaksiner-og-undersokelse-av-adoptivbarn/3.29-senfolger-etter-covid-19-long-covid-hos-barn-og-ungdommer-under-18-ar--diagnostikk-behandling-og-henvisningsrutiner
https://www.helsebiblioteket.no/innhold/retningslinjer/pediatri/generell-veileder-i-pediatri/3.infeksjoner-vaksiner-og-undersokelse-av-adoptivbarn/3.29-senfolger-etter-covid-19-long-covid-hos-barn-og-ungdommer-under-18-ar--diagnostikk-behandling-og-henvisningsrutiner
https://www.helsebiblioteket.no/innhold/retningslinjer/pediatri/generell-veileder-i-pediatri/3.infeksjoner-vaksiner-og-undersokelse-av-adoptivbarn/3.29-senfolger-etter-covid-19-long-covid-hos-barn-og-ungdommer-under-18-ar--diagnostikk-behandling-og-henvisningsrutiner
https://www.helsebiblioteket.no/innhold/retningslinjer/pediatri/generell-veileder-i-pediatri/3.infeksjoner-vaksiner-og-undersokelse-av-adoptivbarn/3.29-senfolger-etter-covid-19-long-covid-hos-barn-og-ungdommer-under-18-ar--diagnostikk-behandling-og-henvisningsrutiner
https://doi.org/10.1126/science.adn1077
https://doi.org/10.1126/science.adn1077
https://doi.org/10.1172/JCI140491
https://doi.org/10.1016/S1473-3099(24)00831-4
https://doi.org/10.1136/fmch-2023-002456
https://doi.org/10.1136/fmch-2023-002456
https://doi.org/10.1136/bmj-2022-072529
https://doi.org/10.2807/1560-7917.ES.2024.29.20.2400242
https://doi.org/10.2807/1560-7917.ES.2024.29.20.2400242
https://doi.org/10.1136/bmjophth-2024-001993
https://doi.org/10.1136/bmjophth-2024-001993
https://doi.org/10.1038/s41467-025-59012-w
https://doi.org/10.1038/s41467-025-59012-w
https://doi.org/10.1093/infdis/jiaf133
https://doi.org/10.1007/s11606-024-09290-9
https://doi.org/10.1007/s11606-024-09290-9
https://doi.org/10.1371/journal.pone.0277317
https://doi.org/10.1186/s12916-025-04335-0
https://doi.org/10.1016/S2215-0366(22)00260-7
https://doi.org/10.1016/S2215-0366(21)00084-5
https://doi.org/10.1111/pcn.13855

White et al. Archives of Public Health

60.

62.

63.

64.

65.

66.

67.

68.
69.

70.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

(2026) 84:26

Helsedirektoratet. FinnKode - P29 n.d. https://finnkode.helsedirektoratet.no/ic
pc2/chapter/P297g=slitenhet. Accessed 27 May 2025.

Utbrenthet (P29 Psykiske symptomer/plager). Helsedirektoratet n.d. https://w
ww.helsedirektoratet.no/veiledere/sykmelderveileder/diagnosespesifikke-an
befalinger-for-sykmelding/psykisk-p/utbrenthet-p29-psykiske-symptomerpla
ger. Accessed 27 May 2025.

Helsedirektoratet. FinnKode - P02 n.d. https://finnkode.helsedirektoratet.no/ic
pc2/chapter/P02?q=p02. Accessed 27 May 2025.

Sylvester SV, Rusu R, Chan B, Bellows M, O'Keefe C, Nicholson S. Sex differences in
sequelae from COVID-19 infection and in long COVID syndrome: a review. Curr
Med Res Opin. 2022;38:1391-9. https://doi.org/10.1080/03007995.2022.2081454.
Shah DP, Thaweethai T, Karlson EW, Bonilla H, Horne BD, Mullington JM, et al.
Sex differences in long COVID. JAMA Netw Open. 2025,8:2455430.
https://doi.org/10.1001/jamanetworkopen.2024.55430.

Silva J, Takahashi T, Wood J, Lu P, Tabachnikova A, Gehlhausen JR, et al. Sex
differences in symptomatology and immune profiles of Long COVID 2024.
https://doi.org/10.1101/2024.02.29.24303568.

Global Burden of Disease Long COVID Collaborators, Wulf Hanson S, Abbafati
C, Aerts JG, Al-Aly Z, Ashbaugh C, et al. Estimated global proportions of indi-
viduals with persistent fatigue, cognitive, and respiratory symptom clusters
following symptomatic COVID-19 in 2020 and 2021. JAMA. 2022;328:1604.
https://doi.org/10.1001/jama.2022.18931.

Mauvais-Jarvis F, Bairey Merz N, Barnes PJ, Brinton RD, Carrero J-J, DeMeo DL,
et al. Sex and gender: modifiers of health, disease, and medicine. Lancet.
2020;396:565-82. https://doi.org/10.1016/50140-6736(20)31561-0.

Bakken A. Ungdata 2024. Nasjonale resultater. NOVA/OsloMet; 2024.

Charles James J, Schulze H, Siems N, Prehn C, Quast DR, Trampe N, et al. Neu-
rological post-COVID syndrome is associated with substantial impairment of
verbal short-term and working memory. Sci Rep. 2025;15:1695. https://doi.or
9/10.1038/541598-025-85919-x.

Buer S, Hagen BI, Seraas A, White RA, B R, Ellingjord-Dale M, et al. Executive
deficits after SARS-CoV-2 infection: a cross-sectional population study. Brain,
Behavior, & Immunity - Health. 2024;41:100857. https://doi.org/10.1016/j.bbih
.2024.100857.

Psykiske plager og lidelser hos barn og unge. Folkehelseinstituttet 2024. http
s://www.fhi.no/he/fr/folkehelserapporten/psykisk-helse/psykisk-helse-hos-ba
rn-og-unge/ . Accessed July 17, 2025.

Nossen JP, Delalic L. Hvorfor er sykefravaeret fortsatt hayt 34 &r etter starten
av pandemien? | Arbeid og velferd. Arb Og Velferd n.d,;2024.

Abdominal pain patterns during COVID-19: an observational study | Scientific
Reports n.d. https://www.nature.com/articles/s41598-022-18753-0. Accessed
12 Sept 2025.

Davis HE, McCorkell L, Vogel JM, Topol EJ. Long COVID: major findings,
mechanisms and recommendations. Nat Rev Microbiol. 2023:21:133-46.
https://doi.org/10.1038/541579-022-00846-2.

Lee KH, Kim YO, Dho SH, Yong JJH, Oh H-S, Lee JH, et al. Altered gut microbi-
ome in convalescent patients with coronavirus disease 2019. Front Cell Infect
Microbiol. 2024. https://doi.org/10.3389/fcimb.2024.1455295.

Rohrhofer J, Wolflehner V, Schweighardt J, Koidl L, Stingl M, Zehetmayer S,

et al. Gastrointestinal barrier disruption in post-COVID syndrome fatigue
patients. Allergy. 2025. https://doi.org/10.1111/all.16593.

Hu K, Patel J, Swiston C, Patel BC. Ophthalmic Manifestations of Coronavirus
(COVID-19). In: StatPearls. Treasure Island (FL): StatPearls Publishing; 2025.
Pourriyahi H, Hajizadeh N, Khosravi M, Pourriahi H, Soleimani S, Hosseini NS,
et al. New variants of COVID-19 (XBB.1.5 and XBB.1.16, the "Arcturus"): a review
of highly questioned concerns, a brief comparison between different peaks
in the COVID-19 pandemic, with a focused systematic review on expert rec-
ommendations for prevention, vaccination, and treatment measures in the
general population and at-risk groups. Immunity Inflamm Dis. 2024;12:€1323.
https://doi.org/10.1002/iid3.1323.

Rao S, Gross RS, Mohandas S, Stein CR, Case A, Dreyer B, et al. Postacute
sequelae of SARS-CoV-2 in children. Pediatrics. 2024;153:€2023062570. https:/
/doi.org/10.1542/peds.2023-062570.

Jelstad J. Forskere krever bedre inneklima i skoler: FHI: = Mangler kunnskap
om effekten av god ventilasjon 2022. https://www.utdanningsnytt.no/fhi-fo
rfall-forskning/forskere-krever-bedre-inneklima-i-skoler-fhi-mangler-kunnska
p-om-effekten-av-god-ventilasjon/335272. Accessed 23 May 2025.
Folkehelseinstituttet. Svar pa oppdrag B1 i forelepig tildelingsbrev - Forslag til
malgrupper for koronavaksinasjonsprogrammet i 2024 2024. https://www.fhi.
no/contentassets/1af4c6e655014a738055c79b72396de8/svar-pa-oppdrag-b
1-i-forelopig-tildelingsbrev---forslag-til-malgrupper-for-koronavaksinasjonspr
ogrammet-i-2024_sladdet.pdf. Accessed 15 July 2025.

82.

83.

84.

85.

86.

87.

88.

89.

90.

9.

92.

93.

94.

95.

96.

97.

98.

100.

101.

Page 18 of 18

Koronavaksine - Vaksineanbefalinger for sesong 2024/2025. Folkehelseinsti-
tuttet 2024. https://www.fhi.no/ss/korona/koronavaksinasjonsprogrammet/k
oronavaksine/. Accessed 22 May 2025.

Helse-og omsorgsdepartementet. Koronavaksinasjon av barn og unge.
Regjeringen.no 2022. https://www.regjeringen.no/no/aktuelt/koronavaksinas
jon-av-barn-og-unge/id2895513/. Accessed 23 May 2025.

Yousaf AR, Mak J, Gwynn L, Lutrick K, Bloodworth RF, Rai RP, et al. COVID-19
vaccination and odds of post-COVID-19 condition symptoms in children
aged 5 to 17 years. JAMA Netw Open. 2025,8:€2459672. https://doi.org/10.10
01/jamanetworkopen.2024.59672.

Hoéppner J, Maier C, Schlegtendal A, Hoffmann A, Petersmann A, Liicke T, et al.
Long-term effects of SARS-CoV-2 infection and vaccination in a population-
based pediatric cohort. Sci Rep. 2025;15:2921. https://doi.org/10.1038/54159
8-024-84140-6.

White RA, Nygaard AB, Seraas A, Nyborg GA. Excess all-cause mortality in
Norway in 2024. Scand J Public Health 2025;0:14034948251371830. https://d
0i.0rg/10.1177/14034948251371830.

Cai M, Xie Y, Topol EJ, Al-Aly Z. Three-year outcomes of post-acute sequelae of
COVID-19. Nat Med. 2024;30:1564-73. https://doi.org/10.1038/541591-024-02
987-8.

White RA, Nyborg GA. The long shadow of COVID-19 on Norwegian sick
leave and primary healthcare consultations. Nor Epidemiol 2025.

Eurostat. Life expectancy by age and sex 2022. https://doi.org/10.2908/DEM
O_MLEXPEC.

Centro de Investigaciones Socioldgicas. Estudio: 3470 - BAROMETRO SANI-
TARIO 2024 (SEGUNDA OLEADA). CIS n.d. https://www.cis.es/detalle-ficha-est
udio?origen=estudio&idEstudio=14838. Accessed 2 June 2025.

Centro de Investigaciones Socioldgicas. Estudio: 3357 - BAROMETRO SANI-
TARIO 2022 (PRIMERA OLEADA). CIS n.d. https://www.cis.es/detalle-ficha-estu
dio?origen=estudio&idEstudio=14619. Accessed 2 June 2025.

Centro de Investigaciones Socioldgicas. Estudio: 3266 - BAROMETRO SANI-
TARIO 2019 (TERCERA OLEADA). CIS nd. https://www.cis.es/detalle-ficha-estu
dio?origen=estudio&idEstudio=14477. Accessed 2 June 2025.

Centro de Investigaciones Socioldgicas. Estudio: 2946 - BAROMETRO SANI-
TARIO 2012 (SEGUNDA OLEADA). CIS n.d. https://www.cis.es/detalle-ficha-est
udio?origen=estudio&idEstudio=14085. Accessed 2 June 2025.

Federal Reserve Bank of St. Louis. Population - With a Disability, 16 Years and over
2025. https:/fred stlouisfed.org/series/LNU00074597. Accessed 2 June 2025.
Serensen AMS, Wesselhoeft R, Andersen JH, Reutfors J, Cesta CE, Furu K, et al.
Trends in use of attention deficit hyperactivity disorder medication among
children and adolescents in Scandinavia in 2010-2020. Eur Child Adolesc
Psychiatry. 2023;32:2049-56. https://doi.org/10.1007/500787-022-02034-2.
Engstrom I. Explosive increase in diagnosis and treatment of ADHD in Sweden
may be related to private health providers offering fast-track, guaranteed
diagnoses. Acta Paediatr. 2025;114:2095-7. https://doi.org/10.1111/apa.70129.
Kildegaard H, Wesselhoeft R, Lund LC, Bliddal M. Post-pandemic trends in psy-
chotropic medication use in Danish children, adolescents, and young adults.
Acta Psychiatr Scand. 2024;150:174-7. https;//doi.org/10.1111/acps.13719.
Ferrari AJ, Santomauro DF, Aali A, Abate YH, Abbafati C, Abbastabar H, et al.
Global incidence, prevalence, years lived with disability (YLDs), disability-
adjusted life-years (DALYs), and healthy life expectancy (HALE) for 371 diseases
and injuries in 204 countries and territories and 811 subnational locations,
1990-2021: a systematic analysis for the Global Burden of Disease Study 2021.
Lancet. 2024;403:2133-61. https//doi.org/10.1016/50140-6736(24)00757-8.

Tu K, Lapadula MC, Apajee J, Bonilla AO, Baste V, Cuba-Fuentes MS, et al.
Changes in reasons for visits to primary care after the start of the COVID-19
pandemic: an international comparative study by the International Con-
sortium of Primary Care Big Data Researchers (INTRePID). PLoS Glob Public
Health. 2024;4:20003406. https://doi.org/10.1371/journal.pgph.0003406.
OECD. OECD Economic Outlook, Volume 2025 Issue 1: Preliminary version,
vol. 2025. OECD Publishing; 2025. https://doi.org/10.1787/83363382-en.
Helfo kontroll. Kontroll av naeringsdrivende fastlegers refusjonskrav for
e-konsultasjone n.d. https://www.helfo.no/kontroll/analyse-og-kontrollrapp
orter-fra-helfo/Kontrollrapport%20e-konsultasjoner%202024.pdf/_/attachm
ent/inline/8fa41d08-55bd-442c-8b33-77f965baa715:c23fb18d2fffd26e7dc8
57e0a3368672b87b3866/Kontrollrapport%20e-konsultasjoner%202024.pdf.
Accessed 10 Sept 2025.

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


https://finnkode.helsedirektoratet.no/icpc2/chapter/P29?q=slitenhet
https://finnkode.helsedirektoratet.no/icpc2/chapter/P29?q=slitenhet
https://www.helsedirektoratet.no/veiledere/sykmelderveileder/diagnosespesifikke-anbefalinger-for-sykmelding/psykisk-p/utbrenthet-p29-psykiske-symptomerplager
https://www.helsedirektoratet.no/veiledere/sykmelderveileder/diagnosespesifikke-anbefalinger-for-sykmelding/psykisk-p/utbrenthet-p29-psykiske-symptomerplager
https://www.helsedirektoratet.no/veiledere/sykmelderveileder/diagnosespesifikke-anbefalinger-for-sykmelding/psykisk-p/utbrenthet-p29-psykiske-symptomerplager
https://www.helsedirektoratet.no/veiledere/sykmelderveileder/diagnosespesifikke-anbefalinger-for-sykmelding/psykisk-p/utbrenthet-p29-psykiske-symptomerplager
https://finnkode.helsedirektoratet.no/icpc2/chapter/P02?q=p02
https://finnkode.helsedirektoratet.no/icpc2/chapter/P02?q=p02
https://doi.org/10.1080/03007995.2022.2081454
https://doi.org/10.1001/jamanetworkopen.2024.55430
https://doi.org/10.1001/jamanetworkopen.2024.55430
https://doi.org/10.1101/2024.02.29.24303568
https://doi.org/10.1101/2024.02.29.24303568
https://doi.org/10.1001/jama.2022.18931
https://doi.org/10.1001/jama.2022.18931
https://doi.org/10.1016/S0140-6736(20)31561-0
https://doi.org/10.1038/s41598-025-85919-x
https://doi.org/10.1038/s41598-025-85919-x
https://doi.org/10.1016/j.bbih.2024.100857
https://doi.org/10.1016/j.bbih.2024.100857
https://www.fhi.no/he/fr/folkehelserapporten/psykisk-helse/psykisk-helse-hos-barn-og-unge/
https://www.fhi.no/he/fr/folkehelserapporten/psykisk-helse/psykisk-helse-hos-barn-og-unge/
https://www.fhi.no/he/fr/folkehelserapporten/psykisk-helse/psykisk-helse-hos-barn-og-unge/
https://www.nature.com/articles/s41598-022-18753-0
https://doi.org/10.1038/s41579-022-00846-2
https://doi.org/10.1038/s41579-022-00846-2
https://doi.org/10.3389/fcimb.2024.1455295
https://doi.org/10.1111/all.16593
https://doi.org/10.1002/iid3.1323
https://doi.org/10.1002/iid3.1323
https://doi.org/10.1542/peds.2023-062570
https://doi.org/10.1542/peds.2023-062570
https://www.utdanningsnytt.no/fhi-forfall-forskning/forskere-krever-bedre-inneklima-i-skoler-fhi-mangler-kunnskap-om-effekten-av-god-ventilasjon/335272
https://www.utdanningsnytt.no/fhi-forfall-forskning/forskere-krever-bedre-inneklima-i-skoler-fhi-mangler-kunnskap-om-effekten-av-god-ventilasjon/335272
https://www.utdanningsnytt.no/fhi-forfall-forskning/forskere-krever-bedre-inneklima-i-skoler-fhi-mangler-kunnskap-om-effekten-av-god-ventilasjon/335272
https://www.fhi.no/contentassets/1af4c6e655014a738055c79b72396de8/svar-pa-oppdrag-b1-i-forelopig-tildelingsbrev---forslag-til-malgrupper-for-koronavaksinasjonsprogrammet-i-2024_sladdet.pdf
https://www.fhi.no/contentassets/1af4c6e655014a738055c79b72396de8/svar-pa-oppdrag-b1-i-forelopig-tildelingsbrev---forslag-til-malgrupper-for-koronavaksinasjonsprogrammet-i-2024_sladdet.pdf
https://www.fhi.no/contentassets/1af4c6e655014a738055c79b72396de8/svar-pa-oppdrag-b1-i-forelopig-tildelingsbrev---forslag-til-malgrupper-for-koronavaksinasjonsprogrammet-i-2024_sladdet.pdf
https://www.fhi.no/contentassets/1af4c6e655014a738055c79b72396de8/svar-pa-oppdrag-b1-i-forelopig-tildelingsbrev---forslag-til-malgrupper-for-koronavaksinasjonsprogrammet-i-2024_sladdet.pdf
https://www.fhi.no/ss/korona/koronavaksinasjonsprogrammet/koronavaksine/
https://www.fhi.no/ss/korona/koronavaksinasjonsprogrammet/koronavaksine/
https://www.regjeringen.no/no/aktuelt/koronavaksinasjon-av-barn-og-unge/id2895513/
https://www.regjeringen.no/no/aktuelt/koronavaksinasjon-av-barn-og-unge/id2895513/
https://doi.org/10.1001/jamanetworkopen.2024.59672
https://doi.org/10.1001/jamanetworkopen.2024.59672
https://doi.org/10.1038/s41598-024-84140-6
https://doi.org/10.1038/s41598-024-84140-6
https://doi.org/10.1177/14034948251371830
https://doi.org/10.1177/14034948251371830
https://doi.org/10.1038/s41591-024-02987-8
https://doi.org/10.1038/s41591-024-02987-8
https://doi.org/10.2908/DEMO_MLEXPEC
https://doi.org/10.2908/DEMO_MLEXPEC
https://www.cis.es/detalle-ficha-estudio?origen=estudio&idEstudio=14838
https://www.cis.es/detalle-ficha-estudio?origen=estudio&idEstudio=14838
https://www.cis.es/detalle-ficha-estudio?origen=estudio&idEstudio=14619
https://www.cis.es/detalle-ficha-estudio?origen=estudio&idEstudio=14619
https://www.cis.es/detalle-ficha-estudio?origen=estudio&idEstudio=14477
https://www.cis.es/detalle-ficha-estudio?origen=estudio&idEstudio=14477
https://www.cis.es/detalle-ficha-estudio?origen=estudio&idEstudio=14085
https://www.cis.es/detalle-ficha-estudio?origen=estudio&idEstudio=14085
https://fred.stlouisfed.org/series/LNU00074597
https://doi.org/10.1007/s00787-022-02034-2
https://doi.org/10.1111/apa.70129
https://doi.org/10.1111/acps.13719
https://doi.org/10.1016/S0140-6736(24)00757-8
https://doi.org/10.1371/journal.pgph.0003406
https://doi.org/10.1787/83363382-en
https://www.helfo.no/kontroll/analyse-og-kontrollrapporter-fra-helfo/Kontrollrapport%20e-konsultasjoner%202024.pdf/_/attachment/inline/8fa41d08-55bd-442c-8b33-77f965baa715:c23fb18d2fffd26e7dc857e0a3368672b87b3866/Kontrollrapport%20e-konsultasjoner%202024.pdf
https://www.helfo.no/kontroll/analyse-og-kontrollrapporter-fra-helfo/Kontrollrapport%20e-konsultasjoner%202024.pdf/_/attachment/inline/8fa41d08-55bd-442c-8b33-77f965baa715:c23fb18d2fffd26e7dc857e0a3368672b87b3866/Kontrollrapport%20e-konsultasjoner%202024.pdf
https://www.helfo.no/kontroll/analyse-og-kontrollrapporter-fra-helfo/Kontrollrapport%20e-konsultasjoner%202024.pdf/_/attachment/inline/8fa41d08-55bd-442c-8b33-77f965baa715:c23fb18d2fffd26e7dc857e0a3368672b87b3866/Kontrollrapport%20e-konsultasjoner%202024.pdf
https://www.helfo.no/kontroll/analyse-og-kontrollrapporter-fra-helfo/Kontrollrapport%20e-konsultasjoner%202024.pdf/_/attachment/inline/8fa41d08-55bd-442c-8b33-77f965baa715:c23fb18d2fffd26e7dc857e0a3368672b87b3866/Kontrollrapport%20e-konsultasjoner%202024.pdf

	﻿Excess primary healthcare consultations in Norway in 2024 compared to pre-COVID-19-pandemic baseline trends
	﻿Abstract
	﻿Background
	﻿Methods
	﻿Data sources
	﻿Composite ICPC-2 code combinations
	﻿Comparing 2024 against a 2010–2019 baseline
	﻿Temporal association between ICPC-2 diagnoses/symptoms and community spread of COVID-19 between 2020 and 2024
	﻿Statistical software

	﻿Results
	﻿Total number of primary healthcare consultations
	﻿Primary healthcare consultations for COVID-19
	﻿Community spread of COVID-19
	﻿2024 compared to 2010–2019

	﻿Discussion
	﻿Clinical perspectives and diagnostic coding in Norway
	﻿The question of long-term immunodeficiency and immune dysregulation after COVID-19
	﻿Fatigue
	﻿Psychological complaints and stress reactions
	﻿Cognitive impairment (memory disturbance and hyperkinetic disorder)
	﻿Gastrointestinal complaints
	﻿Conjunctivitis
	﻿Comparison with influenza patterns
	﻿Children and adolescents
	﻿Comparison with previous study and international trends
	﻿Alternative hypotheses than COVID-19
	﻿Limitations
	﻿Strengths

	﻿Conclusions
	﻿References


