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Abstract

Background: The risk of post-acute sequelae of COVID-19 is estimated at 3—6% per infection in 2024.
Our previous study identified substantial increases in Norwegian primary healthcare consultations in
2023—compared to pre-pandemic levels—for conditions associated with acute and post-acute
COVID-19 sequelae. This study extends that analysis to 2024 and includes age- and sex-specific

analyses.

Methods: We used data from the Norwegian Syndromic Surveillance System (NorSySS), which
captures primary healthcare consultations coded using 101 ICPC-2 codes. Bayesian linear regression
models were fitted to 2010-2019 trends, adjusting for population changes, to estimate expected

values for 2024. Excess consultations were calculated and stratified by age and sex.

Results: In 2024, there were 17,170,953 consultations. This corresponds to an excess of 836,033
consultations (90% PI: 559,609 to 1,109,762), or a 5.1% relative excess (90% PI: 3.4% to 6.9%)
compared to expected levels. The 10 code combinations with largest absolute excess in 2024 were
respiratory infections (261,168 excess consultations, 16% relative excess), fatigue (185,774 excess
consultations, 63% relative excess), psychological symptom/complaint other (170,943 excess
consultations, 79% relative excess), acute stress reaction (162,642 excess consultations, 68% relative
excess), depression (119,120 excess consultations, 125% relative excess), hyperkinetic disorder
(102,250 excess consultations, 106% relative excess), abdominal pain/cramps general (74,623 excess
consultations, 26% relative excess), memory disturbance (36,521 excess consultations, 59% relative
excess), conjunctivitis (31,744 excess consultations, 54% relative excess), and infectious disease
other/NOS (30,379 excess consultations, 73% relative excess). Deviations from expected pre-
pandemic trends worsened dramatically from 2022, coinciding with the Norwegian government’s
lifting of all COVID-19 preventative measures. Increases typically occurred 3—6 months after COVID-
19 waves. Women, children, adolescents, and young adults were disproportionately affected by

cognitive issues.



38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

Conclusions: Primary healthcare consultations in 2024 significantly exceeded pre-pandemic

expectations, especially for conditions linked to post-acute sequelae of COVID-19. The findings

suggest ongoing population-level health impacts associated with repeated SARS-CoV-2 infections,

particularly among women, children, adolescents, and young adults. These effects have emerged

under a national COVID-19 strategy that does not account for post-acute consequences of SARS-

CoV-2 infection.

Contributions to the literature

® Provides empirical evidence of healthcare system shifts under a COVID-19 strategy
dependent upon repeated population infection with SARS-CoV-2.

e Quantifies substantial national healthcare burden across all age groups using comprehensive
surveillance.

e Documents that many of the conditions with the highest healthcare utilization increases are
associated with acute and post-acute COVID-19 sequelae.

e Confirms substantial impacts on women, a group known to be at higher risk of post-acute
COVID-19 sequelae.

e Highlights substantial impacts on children and adolescents, a group often excluded from
long COVID policy considerations, including vaccine recommendations.

Keywords

COVID-19, primary healthcare, long COVID, PASC, post-acute sequelae of COVID-19, PCC, post

COVID-19 condition, Norway, health policy
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Background

The COVID-19 pandemic has altered global healthcare 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 estimates

attributing an annual economic loss of approximately 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 Norwegian

Institute of Public Health (NIPH) outlines the rationale behind Norway’s COVID-19 strategy:

“It is now mainly population immunity that is keeping the epidemic in check ... Stronger
measures to limit the spread of infection have two important disadvantages. 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

circulating in the population” (10).

This strategy creates conditions where repeated SARS-CoV-2 reinfections are common across the
population. Although reinfection increases cumulative PASC risk (11-13), the Norwegian
government's COVID-19 strategy (8) and NIPH’s risk assessment of the strategy focused exclusively
on acute consequences, with no mention of PASC (10). Elsewhere, NIPH has claimed that frequent
reinfection by SARS-CoV-2 is beneficial for reducing the risk of PASC (14), a view that contrasts with

prevailing scientific consensus (15).
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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 (16), aligning with international findings (17,18). Results on reinfection are mixed: a UK
study found 28% lower odds of PASC after a second versus first infection (11), while U.S. and
Canadian data show consistent risk across multiple infections (12,13). Conservative estimates
suggest a current per-infection PASC risk of 3—6% in Norway, implying 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 edition (ICPC-2) diagnosis coding system in
primary care (19). ICPC-2 codes capture the reason for the patient’s encounter or visit to the
healthcare provider; approximately half represent diagnoses and half represent symptoms (19,20).
Unlike the 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 (21). This coding
limitation may obscure the syndromic nature of PASC and disperse its manifestations across

diagnostic categories, complicating efforts to quantify its true impact.

Our previous study found that sick leave and primary healthcare consultations in 2023 exceeded
expected trends for conditions consistent with both acute COVID-19 and PASC (22). This study
extends that analysis to 2024, identifying diagnostic code combinations with the largest deviations
from 2010-2019 baselines, stratified by age and sex. We then assessed whether these deviations

plausibly reflected population-level consequences of repeated SARS-CoV-2 infections.

These findings provide crucial data in the Norwegian context, where the national COVID-19 strategy
emphasizes the benefits of sustaining population immunity through repeated SARS-CoV-2 infections.
Given the global endemicity of SARS-CoV-2, the results also hold broader international relevance

(23).
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Methods

Data sources

The Norwegian Syndromic Surveillance System (NorSySS; Norwegian: Det norske syndromiske
overvakingssystemet) is a public health surveillance system designed to detect outbreaks of
infectious diseases and provide early warning for implementation of necessary control measures
(24). NorSySS surveils the number of consultations at general practitioners and out-of-hours primary
care facilities (22). NorSySS' data source is KUHR (Control and Payment of Health Reimbursements;
Norwegian: Kontroll og utbetaling av helserefusjoner), 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: Kommunalt pasient- og brukerregister) that contains data from
municipalities about individuals who have applied for, receive, or have received health and care

services.

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 general practitioner (day/night), consultation for being called to the
office for immediate help of a patient, e-consultation with a general practitioner and/or emergency
room (day). These correspond to the KUHR tariff codes 11ad, 11ak, 2ad, 2ak, 2fk, 2ae. E-
consultations with a general practitioner and/or emergency room (night) were not available after

July 2023, and hence they were excluded from the entire analysis dataset to ensure consistency.

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.
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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 three predefined composite groupings: COVID-19 (R991
probable/suspected COVID-19 and R992 confirmed COVID-19), gastroenteritis (D11 vomiting, D70
gastrointestinal infection, and D73 gastroenteritis presumed infection), and R** respiratory
infections (R01, R02, RO3, R04, RO5, RO7, RO8, R09, R21, R24, R25, R27, R29, R33, R71, R72, R74, R75,
R76, R77, R78, R79, R80, R81, R82, R83, R99, R991, and R992). Descriptions of the R codes are

available in Additional file 1.

These groupings were previously developed by epidemiologists at NIPH and have been used in
routine surveillance 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. Constructing 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 101 ICPC-2 code combinations (Additional file 1), representing the number of

primary healthcare consultations per year.

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.
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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 deviation 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 linear regression was implemented
using the “brms” package in R, which uses gradient-based Markov chain Monte Carlo algorithms
(25-27). The expected baseline for 2020 to 2024 was then calculated by estimating the posterior of

the rate/100k. The model results were aggregated up to calculate totals for all ages and all sexes.
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The expected baselines were then used to calculate the excess values and corresponding prediction

intervals.

The excess values were then restricted to 2024 and corrected for multiple testing using false
discovery rates (FDR) with a threshold of 0.05. After FDR correction, significant results with an

absolute excess value less than 5,000 were discarded due to not being clinically relevant.

Temporal association with 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 reaction (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 measurements were discontinued late 2023 (22).

A proxy therefore had to be created to identify a temporal correlation with community spread of
COVID-19. 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 (22).

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 hospitalizations in a hypothetical population where no one is vaccinated, and the
explanatory variables the proportion of lab positive SARS-CoV-2 (as reported to MSIS laboratory
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
9
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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.

A significance level of 5% was used for the Pearson’s correlation coefficients, without correcting for
multiple testing, as they were not utilized 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.

Statistical software

All analyses were performed in R, version 4.4.1 (28), using the org (29) and pInr (30) packages as the

core of the analytical workflow.

10
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Figure 1. Total number of primary healthcare consultations per year from 2010-2024, with an

expected baseline calculated using data from 2010-20189.

Results

Total number of primary healthcare consultations

Considering a baseline for 2010 to 2019, it was expected that there would be 16,334,919 (90% PI:

16,061,191 to 16,611,344) total consultations in 2024. We observed 17,170,953, an absolute excess

of 836,033 (90% PI: 559,609 to 1,109,762), corresponding to a relative excess of 5.1% (90% PI: 3.4%

to 6.9%).
Year Number of
primary
healthcare

11
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consultations

for COVID-19

(R991+R992)
2020 488,621
2021 587,252
2022 768,916
2023 166,666
2024 55,576

Table 1. Number of primary healthcare consultations for COVID-19 (R992+R991) per year.

Primary healthcare consultations for COVID-19

The number of primary healthcare consultations for COVID-19 has changed dramatically since 2020;

reaching a new low in 2024; 7% of the 2022 peak (Table 1).

Community spread of COVID-19

The linear regression used to model the number of people hospitalized with COVID-19 in a
theoretical population with zero immunity had a high R-squared value of 0.87. When observing the
community spread index, we observed minimal SARS-CoV-2 spread in 2020 and 2021 (Figure 2).
2022 was defined by three short and intense COVID-19 waves, while 2023 and 2024 were
characterized by long periods of medium levels of SARS-CoV-2 transmission (Figure 2). The total area
under the curve for the community spread index for the years 2020 through to 2024 were 0.3, 3.7,

22.9, 13.3, and 6.8 respectively.

12
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2024 compared to 2010-2019

Results for all ages and sexes are available in Figures 3—4 and Additional file 1.

Examination of the residuals did not reveal any statistical issues with the models (Additional file 2).

The ten ICPC-2 code combinations with the largest excesses were R** (respiratory infections), A04
(weakness/tiredness general), P29 (psychological symptom/complaint other), P02 (acute stress
reaction), P03 (feeling depressed), P81 (hyperkinetic disorder), D01 (abdominal pain/cramps
general), P20 (memory disturbance), F70 (conjunctivitis infectious), and A78 (infectious disease
other/NOS) (Figure 5). We observed no large trend deviations in these ten conditions during or after

the 2009/2010 influenza (H1N1) pandemic (Figure 5).
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Correlation with
All sexes Female Male COVID-19
community spread

AO02 Chills

AO3 Fever

A04 Weakness/tiredness general
AO5 Feeling ill

A27 Fear of other diseases NOS
A71 Measles

A72 Chickenpox

A74 Rubella

A75 Infectious mononucleosis
A76 Viral exanthem other

A77 Viral disease other/NOS
A78 Infectious disease other/NOS

047

048 082

B02 Lymph gland(s) enlarged/painful
B25 Fear of AIDS/HIV

B70 Lymphadenitis acute

B71 lymphadenitis non-specific

D01 Abdominal pain/cramps general
D02 Abdominal pain epigastric

D06 Abdominal pain localized other
D08 Flatulence/gas/belching

D09 Nausea

D10 Vomiting

D11 Diarrhea

D11+D70+D73 Gastroenteritis

D14 Hematemesis/vomiting blood

D18 Change feces/bowel movements
D25 Abdominal distension

D29 Digestive symptom/complaint other
D70 Gastrointestinal infection

D73 Gastroenteritis presumed infection
D87 Stomach function disorder

D99 Disease digestive system, other

F70 Conjunctivitis infectious
F73 Eye infection/inflammation other

HO1 Ear pain/earache

HO4 Ear discharge

H13 Plugged feeling ear

H29 Ear symptom/complaint other
H71 Acute otitis media/myringitis
H77 Perforation ear drum

N16 Disturbance of smelltaste —|

P02 Acute stress reaction

P03 Feeling depressed

P20 Memory disturbance

P29 Psychological symptom/complaint other
P81 Hyperkinetic disorder

d
d
d

20-29 years ol
15-19 years ol
20-29 years o

Same quarter—]
Previous quarter—
Two quarters ago—

Ratio of 2024 Not significant
incidence against Deficit (<0.6) Deficit (0.6 to 0.9) or discrepancy Excess (1.1 to 1.5) Excess (>1.5)
2010-2019 baseline under 5000

260  Figure 3. Ratio of 2024 incidence against 2010-2019 baseline and correlation within COVID-19

259

261 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

0.55

R** Respiratory infections

RO1 Pain respiratory system

RO02 Shortness of breath/dyspnea
RO3 Wheezing

RO04 Breathing problem, other

RO5 Cough

R06 Nose bleed/epistaxis

R07 Sneezing/nasal congestion

R08 Nose symptom/complaint other
R09 Sinus symptom/complaint

R21 Throat symptom/complaint

R24 Hemoptysis

R25 Sputum/phlegm abnormal

R27 Fear of respiratory disease, other
R29 Respiratory symptom/complaint other
R71 Whooping cough

R72 Strep throat

R74 Upper respiratory infection acute
R75 Sinusitis acute/chronic

R76 Tonsillitis acute

R77 Laryngitis/tracheitis acute

R78 Acute bronchitis/bronchiolitis
R79 Chronic bronchitis

R80 Influenza

R81 Pneumonia

R82 Pleurisy/pleural effusion

R83 Respiratory infection other

R95 Chronic obstructive pulmonary disorder
R96 Asthma

R99 Respiratory disease other

045 053

o7z 0.56
0.55

0.64 058

0.64. 054

506 Rash localized

S07 Rash generalized

S$10 Boil/carbuncle

S12 Insect bite/sting

S$17 Abrasion/scratch/blister

S29 8kin symptom/complaint other
S70 Herpes zoster

§71 Herpes simplex

8§72 Scabies/other acariasis

S73 Pediculosis/skin infestation other
§74 Dermatophytosis

8§75 Moniliasis/candidiasis skin
S76 Skin infection other

S84 Impetigo

S95 Molluscum contagiosum

S99 Skin disease, other

U72 Urethritis IR EEI e e T Ju

X14 Vaginal discharge female
X23 Fear sexually transmitted disease female X
X90 Genital herpes female
X91 Condylomata acuminata female 061 057 | -058

Y03 Urethral discharge male

Y25 Fear sexually transmitted disease male
Y72 Genital herpes male

Y76 Condylomata acuminata male

~0.46

054

-0.54

%
i

Same quarter—| é

]
&
2
8

5-14 years ol
15-19 years ol

20-29 years ol

5—14 years ol
15-19 years ol
5-14 years o
15-19 years o
20-29 years o

30-64 years ol
30-64 years ol

Previous quarter— ,g‘;
Two quarters ago—] é

Ratio of 2024 Not significant
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Figure 5. Number of primary healthcare consultations per year from 2006—2024 for the 10 ICPC-2

code combinations with largest excess in 2024 when compared against the 2010-2019 baseline.

Respiratory infections

- | .

2024

2024

2024

17



271

272

273

274

275

276

277

278

279

280

281

282

283

284

285

286

287

288

289

290

291

292

293

294

295

R** is a composite code, consisting of R01, R02, R03, R04, R0O5, RO7, RO8, R09, R21, R24, R25, R27,
R29, R33, R71, R72, R74, R75, R76, R77, R78, R79, R80, R81, R82, R83, R99, R991, and R992

(Additional file 1).

Primary healthcare consultations for R** (respiratory infections) in 2024 were 16% (90% PIl: 6% to
28%) higher than expected compared to the 2010-2019 baseline, representing 261,168 (90% P!I:
110,921 to 412,155) additional consultations, and remained statistically significant after false
discovery rate corrections. There was noticeable variation between the age groups, all age groups
having overlapping confidence intervals in the 10-70% excess range, except for 15-19 years old who
had 39% fewer consultations than expected. There were no noticeable differences between males

and females (Figure 4 and Additional file 2).

Within the composite code, RO5 (cough) was 49% (90% PI: 37% to 64%) higher than expected,
corresponding to an additional 84,188 (90% PI: 68,304 to 99,748) consultations. There was
noticeable variation between the age groups, with 5-14 year olds at 244%, while 15—19 year olds,
20-29 year olds, and 30-64 year olds having overlapping prediction intervals and central estimates
in the 45-80% range, and 65+ year olds were not significantly higher than the expected baseline (8%;
90% Crl: -1% to 18%). There were no noticeable differences between males and females (Figure 4
and Additional file 2). There were no significant temporal correlations with COVID-19 community

spread (Figure 4).

Within the composite code, R83 (respiratory infection other) was 67% (90% PI: 30% to 127%) higher
than expected, corresponding to an additional 72,000 (90% PI: 41,403 to 100,558) consultations.
There was noticeable variation between the age groups, with 5-14 year olds 221% higher than
expected, 20-29 years old and 30-64 year olds in the 70-90% range, 65+ years old in the 30% range,
and 15-19 year olds were not significantly higher than the expected baseline. There were no
noticeable differences between males and females (Figure 4 and Additional file 2). There were no

significant temporal correlations with COVID-19 community spread (Figure 4).
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Within the composite code, R81 (pneumonia) was 38% (90% PI: 18% to 66%) higher than expected,
corresponding to an additional 35,072 (90% PI: 19,493 to 50,602) consultations. There was
noticeable variation between the age groups, with 5-14 year olds 969% higher than expected, while
15-19 year olds and 20-29 year olds in the 200—-300% range, 30-64 year olds in the 70% range, and
65+ year olds were not significantly higher than the expected baseline. There were no noticeable
differences between males and females (Figure 4 and Additional file 2). There were significant

temporal correlations with COVID-19 community spread in the previous quarter (r=0.46) (Figure 3).

Within the composite code, R72 (strep throat) was 31% (90% PI: 18% to 46%) higher than expected,
corresponding to an additional 11,300 (90% PI: 7,308 to 15,243) consultations. There was noticeable
variation between the age groups, with 5-14 year olds and 65+ year olds in the 110-130% range,
while 30-64 year olds at 53%, and 15—-19 year olds and 20-29 year olds were not significantly higher
than the expected baseline. There were no noticeable differences between males and females
(Figure 4 and Additional file 2). There were significant temporal correlations with COVID-19

community spread in the previous quarter (r=0.64), and two quarters prior (r=0.58) (Figure 3).

Within the composite code, R71 (whooping cough/pertussis) was 289% (90% PI: 215% to 401%)
higher than expected, corresponding to an additional 6791 (90% PI: 6240 to 7317) consultations.
There were no noticeable differences between neither sexes nor ages (Figure 4 and Additional file

2). There were no significant temporal correlations with COVID-19 community spread (Figure 4).

Weakness/tiredness general (Fatigue) (A04)

Primary healthcare consultations for A04 (weakness/tiredness general) in 2024 were 63% (90% PI:
55% to 73%) higher than expected compared to the 2010-2019 baseline, representing 185,774 (90%
PI: 170,150 to 201,456) additional consultations, and remained statistically significant after false
discovery rate corrections. There was noticeable variation between the age groups, with 30-64 year
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olds (72%; 90% PI: 59% to 87%) having the largest relative excess. There were no noticeable

differences between males and females (Figure 3 and Additional file 2).

There were significant temporal correlations with COVID-19 community spread in the previous

quarter (r=0.58) (Figure 3).

Deviation from expected pre-pandemic trends began in 2021, but worsened dramatically from 2022

to 2024 (Additional file 2).

Psychological symptom/complaint other (P29)

Primary healthcare consultations for P29 (psychological symptom/complaint other) in 2024 were
79% (90% PI: 71% to 88%) higher than expected compared to the 2010-2019 baseline, representing
170,943 (90% PI: 160,770 to 181,068) additional consultations, and remained statistically significant
after false discovery rate corrections. There was noticeable variation between the age groups, with
those 20 years and above in the 70-90% range, while 5-14 year olds were at 40%, followed by 15—
19 year olds at 11%. There were no noticeable differences between males and females (Figure 3 and

Additional file 2).

There were no significant temporal correlations with COVID-19 community spread (Figure 3),
however, there was a borderline significant (p=0.09) temporal correlation with COVID-19 community

spread in the previous quarter (r=0.39).

Deviation from expected pre-pandemic trends began in 2020, noticeably deviating in 2021, and

dramatically worsened in 2023 and 2024 (Figure 4).

Acute stress reaction (P02)
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Primary healthcare consultations for P02 (acute stress reaction) in 2024 were 68% (90% Pl: 59% to
78%) higher than expected compared to the 2010-2019 baseline, representing 162,642 (90% P!I:
148,802 to 176,340) additional consultations, and remained statistically significant after false
discovery rate corrections. There was noticeable variation between the age groups, with 5-14 year
olds, 20—-29 year olds, 30-64 year olds, and 65+ year olds having overlapping prediction intervals and
central estimates in the 65—-100% range, while 15—19 year olds were not significantly higher than the
expected baseline (0%; 90% Pl -11% to 14%). There were no noticeable differences between males

and females (Figure 3 and Additional file 2).

There were no significant temporal correlations with COVID-19 community spread (Figure 2),
however, there was a borderline significant (p=0.11) temporal correlation with COVID-19 community

spread in the previous quarter (r=0.37).

Deviation from expected pre-pandemic trends began in 2020, noticeably deviating in 2021, and

dramatically worsened in 2023 and 2024 (Figure 4).

Depression (P03)

Primary healthcare consultations for P03 (feeling depressed) in 2024 were 125% (90% Pl: 95% to
166%) higher than expected compared to the 2010-2019 baseline, representing 119,120 (90% P!I:
104,224 to 133,616) additional consultations, and remained statistically significant after false
discovery rate corrections. There was noticeable variation between the age groups, with 20+ year
olds being in the 100-160% range, followed by 5—14 year olds (53%; 90% PI: 38% to 71%), while 15—
19 year olds were not significantly higher than the expected baseline (14%; 90% PI: -3% to 38%).

There were no noticeable differences between males and females (Figure 3 and Additional file 2).
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There were no significant temporal correlations with COVID-19 community spread (Figure 2),
however, there was a borderline significant (p=0.10) temporal correlation with COVID-19 community

spread in the previous quarter (r=0.38).

Hyperkinetic disorder (P81)

Primary healthcare consultations for P81 (hyperkinetic disorder) in 2024 were 106% (90% PI: 99% to
113%) higher than expected compared to the 2010-2019 baseline, representing 102,250 (90% PI:
99,080 to 105,404) additional consultations, and remained statistically significant after false
discovery rate corrections. There was some variation between the age groups, with 5-14 year olds at
85%, while 15—-19 year olds, 20—-29 year olds, 30-64 year olds, and 65+ year olds had overlapping
prediction intervals and central estimates in the 95-115% range (Figure 4 and Additional file 2).
Furthermore, females had double to triple the relative excess of males, depending on the age group

(Figure 4 and Additional file 2).

There were borderline significant temporal correlations with COVID-19 community spread with the

previous quarter (p=0.08; r=0.40) and two quarters prior (p=0.08; r=0.41) (Figure 2).

Deviation from expected pre-pandemic trends began in 2020, noticeably deviating in 2021, and

continued to dramatically worsen from 2022 to 2024 (Additional file 2).

Abdominal pain/cramps general (D01)

Primary healthcare consultations for DO1 (abdominal pain/cramps general) in 2024 were 26% (90%
Pl: 21% to 32%) higher than expected compared to the 2010-2019 baseline, representing 74,623
(90% PI: 62,458 to 86,722) additional consultations, and remained statistically significant after false

discovery rate corrections. There was noticeable variation between the age groups, with 20-29 year
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olds, 30—64 year olds, and 65+ year olds having overlapping prediction intervals and central
estimates in the 30—35% range, while 5-14 year olds and 15-19 year olds were not significantly

higher than the expected baseline (Figure 3 and Additional file 2).

There were significant temporal correlations with COVID-19 community spread in the previous
quarter (r=0.48) (Figure 3). Deviation from expected pre-pandemic trends began in 2020, noticeably

deviating in 2021, and worsened in 2023 and 2024 (Additional file 2).

Memory disturbance (P20)

Primary healthcare consultations for P20 (memory disturbance) in 2024 were 59% (90% PI: 54% to
64%) higher than expected compared to the 2010-2019 baseline, representing 36,521 (90% PI:
34,704 to 38,339) additional consultations, and remained statistically significant after false discovery
rate corrections. There was noticeable variation between the age groups, with 5—14 year olds (163%;
90% PI: 138% to 193%) having the largest relative excess, followed by 20—-29 year olds (122%; 90%
Pl: 105% to 141%), 15—19 year olds (106%; 90% PI: 95% to 117%), 30—64 year olds (67%; 90% PI: 61%
to 74%), and 65+ year olds (30%; 90% PI: 24% to 36%). Females had approximately double the excess
of males in the age groups 5—14 years old, 15-19 years old, and 20-29 years old (Figure 3 and

Additional file 2).

There were significant temporal correlations with COVID-19 community spread in the previous

quarter (r=0.50) and in two quarters prior (r=0.45) (Figure 3).

Deviation from expected pre-pandemic trends began in 2020, noticeably deviating in 2021, and

continued to dramatically worsen from 2022 to 2024 (Figure 4).

Conjunctivitis (F70)
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Primary healthcare consultations for F70 (conjunctivitis infectious) in 2024 were 54% (90% PI: 48% to
60%) higher than expected compared to the 2010—-2019 baseline, representing 31,744 (90% PI:
29,364 to 34,094) additional consultations, and remained statistically significant after false discovery
rate corrections. There was noticeable variation between the age groups, with 5-14 year olds at
135%, followed by 20—64 year olds at 55—-75%, 65+ year olds at 19%, and 15-19 year olds at 1%.
Females (65%; 90% Pl: 57% to 73%) had higher excess than males (39%; 90% PI: 30% to 49%) (Figure

3 and Additional file 2).

There were significant temporal correlations with COVID-19 community spread in the previous

quarter (r=0.65), and two quarters prior (r=0.53) (Figure 3).

Infectious disease other/no obvious source (A78)

Primary healthcare consultations for A78 (infectious disease other/NOS) in 2024 were 73% (90% PI:
51% to 102%) higher than expected compared to the 2010-2019 baseline, representing 30,379 (90%
Pl: 24,345 to 36,342) additional consultations, and remained statistically significant after false
discovery rate corrections. There was noticeable variation between the age groups, with 5-14 year
olds at 288%, followed by 15—-64 year olds at 80—-110%, and 65+ year olds at 25%. There were no

noticeable differences between males and females (Figure 3 and Additional file 2).

There were significant temporal correlations with COVID-19 community spread two quarters prior

(r=0.53) (Figure 3).

Discussion

In 2024, primary healthcare consultations in Norway exceeded pre-pandemic expectations by

approximately 501,000 visits, representing a 3.0% relative excess. The largest absolute increases
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were observed for respiratory infections, fatigue, psychological complaints, acute stress reactions,
depression, and cognitive impairment. Women, children, adolescents, and young adults were
disproportionately affected by cognitive issues. For several conditions, consultation volumes began
diverging from pre-pandemic baselines after 2021/2022, with increases typically occurring 3—6

months after COVID-19 waves.

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 impacts of sustained SARS-CoV-2 circulation at the population
level. Therefore, the discussion examines whether existing literature supports the interpretation that

excess primary healthcare consultations in 2024 could be partially attributed to PASC.

Clinical perspectives and diagnostic coding in Norway

Despite growing international recognition of PASC as a multi-organ disorder with serious functional
consequences, prevailing perspectives within the Norwegian healthcare system may contribute to its
under-recognition. In particular, PASC is often framed as a psychosocial condition—driven more by
anxiety and perception than by persistent physiological damage (31-33). The “Oslo Chronic Fatigue
Consortium”—an influential group of mostly Norwegian clinicians and researchers—has described
PASC and other post-infectious disorders as “likely to reflect the brain's response to a range of
biological, psychological, and social factors, rather than a specific disease process” (34). Similar views
have dominated official guidelines and medical literature for decades—without yielding significant
clinical progress or improved outcomes for patients with post-infectious conditions (35-37). This
psychosocial framing of PASC may influence clinical practice, diagnostic coding, and how symptoms

are perceived by both patients and providers.
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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. Clinicians are instead required to
code the patient’s most dominant symptom. In July 2023, the Norwegian Directorate of Health
issued guidance to “dual code” both the most dominant symptom along with R992 (confirmed
COVID-19) to flag PASC (21). However, this practice appears uncommon: in 2024, only 2,730 of the
479,101 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 clinical suspicion, or
prevailing beliefs that PASC is rare or primarily psychosocial in origin 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 symptoms consistent with PASC appear under a range of diagnostic categories rather than

being recognized as part of a coherent syndrome.

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

Immunological studies have reported immune dysregulation and dysfunction via several different
cell lines and mechanisms, lasting for months or longer after COVID-19, with higher risk after severe
acute infection and in patients with PASC (38—41). It is still unclear how this translates into
alterations in epidemiological patterns. However, epidemiological studies also report higher
incidences of different infectious diseases in the months following COVID-19 (42), observations that
are consistent with expected observations if the immune dysfunction leaves some people more

susceptible to other infections after a SARS-CoV-2 infection (43).

One study in the US showed that COVID-19 was associated with a significantly increased subsequent
risk of RSV among children aged 0-5 years in both 2022 and 2021, with the authors postulating that
their findings “suggest that COVID-19 contributed to the 2022 surge of RSV cases in young children
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through the large buildup of COVID-19-infected children and the potential long-term adverse effects
of COVID-19 on the immune and respiratory system” (44). A study from Thailand found that COVID-
19 pneumonia was strongly associated with a higher hazard of detectable active pulmonary
tuberculosis, and it was likely that this hazard was not fully explained by diagnostic bias (45). A test-
negative analysis of 836,913 US veterans found increased rates of various infections in the 12
months after an acute SARS-CoV-2 infection (42). A study from Israel found that patients infected
with SARS-CoV-2 were at increased risk for streptococcal tonsillitis compared to those who tested
negative (46). Invasive group A streptococcus is among the several other infectious diseases that

have also seen sharp increases in incidence (47).

A US study of approximately 1.5 million people found COVID-19-positive patients were more likely to
develop new-onset conjunctivitis compared to COVID-19-negative controls (48). An Israeli study
found that unvaccinated 0—4 year olds and 5—-11 year olds who tested PCR-positive for SARS-CoV-2
were significantly more likely to have conjunctivitis than their peers who tested PCR-negative for

SARS-CoV-2 (46).

In Germany, one study found a sharp increase in the incidence of complicated otitis after the
cessation of comprehensive measures against COVID-19 (49). Several studies have suggested that

otitis media should be considered as a symptom associated with COVID-19 (50-52).

From this literature, one could expect to see an increase in primary health care consultations for
infectious diseases in Norway for the years after 2022, which is consistent with the findings from this

study, particularly pertaining to the R** respiratory codes.

For pneumonia, an internal investigation was launched inside NIPH, and found that the large excess
of primary healthcare consultations for R81 in 2024 corresponded to a mycoplasma pneumoniae

epidemic.
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Fatigue

Fatigue is one of the most well-documented post-acute sequelae of COVID-19 (15,53).

A systematic review of 50 controlled studies including over 14 million participants found that non-
hospitalized COVID-19 patients had significantly increased risks of fatigue (RR 1.58; 95% Cl: 1.25 to
1.96) (54). Norwegian studies have also consistently demonstrated this association: one study of
more than 57,000 participants found that even among people with three vaccine doses, Omicron
infection was associated with a 70% higher risk of fatigue lasting at least three months (16). Among
those with only two vaccine doses, the risk was even higher (178% for women and 107% for men). A
separate Norwegian study of 140,000 participants showed that people who tested positive for the
Delta and Omicron variants of SARS-CoV-2 were more likely to seek healthcare for fatigue in the 126

days post-infection compared to those who tested negative (55).

ME/CFS is a serious complication that develops in a subset of patients with PASC (56). A study
commissioned by the Norwegian Directorate of Health identified that a variety of ICPC-2 codes are
used by Norwegian primary care physicians when suspecting ME/CFS; these codes include A04
(weakness/tiredness general) (57). The Norwegian Labour and Welfare Administration found that
people with medically certified sick leave due to COVID-19 had substantially increased risks of
subsequent sick leave for AO4 (weakness/tiredness general, 182% increased risk) in the following 12

weeks compared to those on sick leave for non-COVID-19 reasons (58).

Psychological symptom/complaint other

The ICPC-2 code P29 (Psychological symptom/complaint other) is used for psychological issues
without an obvious source (22). For example, the Norwegian Directorate of Health’s guidance to
primary healthcare doctors regarding “burnout” is to record it under P29 (59). When using the

Norwegian Directorate of Health’s “Find Code” tool, searching for the term “slitenhet” (Norwegian
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for “fatigue”) returns the code P29 as the only suggestion (60). Norwegian primary care physicians
employ various ICPC-2 codes when suspecting ME/CFS,. These codes include P29 (psychological

symptom/complaint other) (57).

In the Norwegian Labour and Welfare Administration’s study, people with medically certified sick
leave due to COVID-19 had substantially increased risks of subsequent sick leave for P29
(psychological symptom/complaint other, 18% increased risk) in the following 12 weeks compared to

those on sick leave for non-COVID-19 reasons (58).

Acute stress reaction

The ICPC-2 code P02 is used for:

“a reaction to a stressful life event or a significant change in life that requires a major
adjustment, either as an expected response to the event or as an inappropriate response
that interferes with daily coping and results in impaired social functioning, with recovery

within a limited time” (61).

P02 (acute stress reaction) is among the ICPC-2 codes that Norwegian primary care physicians

employ when suspecting ME/CFS (57).

People with medically certified sick leave due to COVID-19 were 25% more likely to be on sick leave
for P02 in the following 12 weeks than people with medically certified sick leave for not COVID-19

(58).

Depression

A pandemic has multiple disruptive effects on society that likely affects the population’s mental

health. In addition, Norway experienced a cost-of-living-crisis from 2022 to 2024.
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International studies show evidence of increased risk of depression after SARS-CoV-2 infection
(53,62). One study of over 81 million participants found evidence for substantial neurological and
psychiatric morbidity in the 6 months following COVID-19 (63). Another study of over 10 million
participants found that COVID-19 was associated with an increased risk of many mental health
disorders, including depressive disorders (64). A small study found that biomarkers during acute
SARS-CoV-2 infection predicted long-term psychiatric symptoms, including depression (65) and
symptoms of mood disorders have been found to correlate with other neurological symptoms and
organ damage post COVID-19 (66). The current evidence on the pathophysiological basis of
neuroimmunological PASC points to neuroinflammation as central (67), and a direct link between
mood disorders and PASC cannot be ruled out. However, patients experiencing symptoms of PASC
often report problems in their everyday life functioning and a lack of support from healthcare
professionals, factors that may also contribute to an increased prevalence of mood disorders in

PASC.

A Norwegian study found that among people with three vaccine doses, Omicron infection was not
associated with an increased relative risk of depression with a duration of at least three months (16),
and another Norwegian study showed that people who tested positive for the Delta and Omicron
variants of SARS-CoV-2 were no more likely to seek healthcare for anxiety/depression in the 126
days post-infection compared to those who tested negative (55). However, people with medically
certified sick leave due to COVID-19 were 34% more likely to be on sick leave for P76 (depressive
disorder) in the following 12 weeks than people with medically certified sick leave for not COVID-19
(58). Tacquet et al. found similar neurological and psychiatric outcomes during the delta and
omicron waves, suggesting that the burden on the health-care system from these complaints might

continue (62).

Cognitive impairment (hyperkinetic disorder and memory disturbance)
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Cognitive impairment, particularly memory and concentration difficulties (often referred to as “brain
fog”), represents another well-established post-acute sequela of COVID-19 (15,53). The
aforementioned systematic review of 50 controlled studies found that non-hospitalized COVID-19
patients had significantly increased risks of poor memory (RR 2.74; 95% Cl: 1.02 to 7.39) and poor
concentration (RR 4.86; 95% Cl: 2.67 to 8.85) (54). Norwegian data corroborate these findings: the
aforementioned study of 57,000 participants found that among people with three vaccine doses,
Omicron infection was associated with 140% increased risk of poor memory and 100% increased risk
of brain fog lasting at least three months (16). Another Norwegian study of 188,137 participants
reported that “patient-reported memory function ... was numerically worse at several time points up

to 36 months after a positive SARS-CoV-2 test than after a negative test” (68).

Modern society has seen significant changes in the use of digital tools, social media platforms, and
related structural shifts, which some researchers have suggested may contribute to the increasing
prevalence of ADHD/ADD (69). However, the timing of these developments is critical. In Norway,
screen time among children and adolescents rose steadily from 2014 to 2021 but appears to have
stabilized—or even declined—between 2021 and 2024 (70). Since our study finds the largest
increases in consultations for cognitive impairment occurring after 2021, this trend suggests that

other likely factors may account for the observed rise.

While evidence regarding whether SARS-CoV-2 infection directly increases the risk of ADHD/ADD is
sparse and somewhat conflicting (71,72), it is well documented that neurological and psychological
sequelae from COVID-19 often manifest as lack of concentration, impaired mental flexibility as an
executive subfunction, and impaired working memory and general reactivity (73,74), symptoms that
are central in ADHD/ADD. Since the rate of SARS-CoV-2 infections have been so high during 2022-24,
these symptoms would be expected to affect a proportion of the population and may plausibly
contribute to increased healthcare-seeking. Thus, it is likely that PASC has contributed to the

observed increases.

31


https://www.zotero.org/google-docs/?ahK6b9
https://www.zotero.org/google-docs/?5M7Lir
https://www.zotero.org/google-docs/?euU0uq
https://www.zotero.org/google-docs/?Lv3abd
https://www.zotero.org/google-docs/?mHhjFD
https://www.zotero.org/google-docs/?FXeTyn
https://www.zotero.org/google-docs/?mbVR3J
https://www.zotero.org/google-docs/?W1eM7Y

602

603

604

605

606

607

608

609

610

611

612

613

614

615

616

617

618

619

620

621

622

623

624

There is also evidence that people with pre-existing neurological conditions can experience
exacerbations after COVID-19 (75) and therefore seek contact with their general practitioner. In this
context, the rise in ADHD diagnoses among children in Norway since 2021/2022 (76) may increase
the number of individuals who are vulnerable to post-infectious symptom exacerbation and thus

more likely to seek follow-up care.

This interpretation is further supported by researchers at the Norwegian Labour and Welfare
Administration, who have attributed the increase in medically certified sick leave for hyperkinetic

disorder to post-acute sequelae of COVID-19 (77).

Comparison with influenza patterns

COVID-19 is frequently compared to influenza. Neither during the influenza (HIN1) pandemic in
2009-2010, nor the period after, did we observe large increases in A04, P29, P02, P03, P81, or P20

as we have in 2022-2024.

Gastrointestinal complaints

Studies report gastrointestinal complaints such as nausea and abdominal pain as symptoms
associated with post-acute sequelae of COVID-19 (78). The aforementioned systematic review of 50
controlled studies found in non-hospitalized participants a relative risk of 1.44 (95% Cl: 1.11 to 1.86)
for abdominal pain, 1.47 (95% Cl: 1.30 to 1.66) for vomiting/nausea, and 1.31 (95% CI: 1.22 to 1.42)
for diarrhea after COVID-19 (54). Several studies find altered gut microbiome (79) and disruption of
the gastrointestinal barrier in fatigued patients with PASC (80). A small internal investigation was
launched inside NIPH to look for pathogenic causes behind the increase, but no similar reported

increase was found in typical infectious disease pathogens that cause gastroenteritis (22). A previous
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study by the Norwegian Labour and Welfare Administration found that people with medically
certified sick leave due to COVID-19 were 176% more likely to be on sick leave for D73
(gastroenteritis, presumed infectious) in the following 12 weeks than people with medically certified

sick leave for not COVID-19 (16).

Children and adolescents

Post-acute sequelae of COVID-19 are common in children and adolescents (81). A recent Norwegian
study of 1500 children aged 11-12 years old found a higher incidence of new fatigue and brain fog
3-5 months after Omicron infection compared with uninfected subjects (16). In this study, we
observed excesses in fatigue, memory disturbance, hyperkinetic disorder (ADHD/ADD-like
symptoms), psychological complaints, and gastrointestinal complaints for children and adolescents.

However, how these symptoms affect everyday life remains poorly understood.

The largest relative increase in consultations for memory disturbance occurred among 5-14 year
olds, with substantial excesses also observed in the 15—-19 and 20-29 year age groups. Girls and
young women were disproportionately affected. These age groups correspond to students in
primary, secondary, and higher education—populations for whom sustained cognitive function is

essential.

Memory disturbances—such as difficulty concentrating, retaining new information, or recalling
previously learned material—may impair academic performance. These findings raise concern about
the potential long-term academic consequences of repeated SARS-CoV-2 infections. Notably,
mathematics competency among Norwegian schoolchildren declined year-on-year from 2022 to
2024 (82). While causality cannot be established from these ecological trends alone, the alignment
between rising cognitive complaints in clinical records and declining academic performance warrants
further investigation.
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Although increased screen time has previously been proposed as a contributing factor to rising
cognitive issues in youth (83), national data show that screen use rose steadily from 2014 to 2021,
but has since plateaued or declined (70). Since the sharpest increases in memory-related
consultations occurred after 2021, screen time trends are unlikely to fully explain the patterns

observed here.

Children and adolescents were also disproportionately affected by respiratory infections and other
infectious diseases in 2024. Unlike countries such as Australia, Canada, and Germany, Norway has
not invested in any form of improved ventilation or air purification in schools to reduce the
transmission of SARS-CoV-2 and other airborne pathogens (84). Fewer than 10% of 11-12-year olds
in Norway have received a COVID-19 vaccine, and the official evidence base for the national
vaccination strategy does not mention PASC in children (85). Nor are annual COVID-19 boosters
recommended for children and adolescents in Norway (86,87), despite growing evidence that
COVID-19 vaccination reduces the risk of PASC in pediatric populations (88—90) and the frequency of
acute infections more broadly (90). Our results indicate that Norwegian children and young people

may experience significant excess morbidity as a result of the lack of vaccine recommendations.

Increase in healthcare availability

When considering the expected trend from 2010-2019 of the total number of consultations, the

observed number of consultations in 2024 was 3.0% (90% PI: 0.7% to 5.7%) higher than expected.

For many of the ICPC-2 codes discussed in this study, their increases were substantially higher than
this overall trend, with many conditions showing increases exceeding 50% above expected levels.
This suggests that the observed increases in fatigue and neuropsychiatric conditions cannot be
attributed solely to general increases in healthcare utilization or expanded access to primary care
services. The magnitude of increase for specific conditions—particularly weakness/tiredness general
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(63% excess), memory disturbance (59% excess), and hyperkinetic disorder (105% excess)—far

exceeds what would be expected from a modest overall increase in consultation volume.

Additionally, the temporal correlations between these specific conditions and COVID-19 community
spread further support the hypothesis that these increases represent genuine health impacts that at
least partially can be ascribed to PASC, rather than healthcare system changes or increased general

practitioner availability.

The role of e-consultations

For the purposes of this study, both physical consultations and e-consultations were treated equally.
Our previous study found that the mean annual number of consultations per general practitioner in
2023 had returned to the pre-pandemic norms, indicating that e-consultations are not artificially

increasing the number of consultations (22).

While we had reliable data on e-consultations in the daytime from 2020 to 2024, we only had
reliable data for nighttime e-consultations from 2020 to 2022 (Additional file 3). For this reason, we
excluded the nighttime e-consultations from the analysis dataset. For the ICPC-2 codes A04, P02,
P20, P29, and P81, we found that daytime e-consultations peaked in 2021, with a year-on-year
decline until 2024. We found that in 2022, approximately 5% of these ICPC-2 codes were assigned
from nighttime e-consultations. This implies that we likely have an underestimation of the true
excesses by around 5%, which means our reported increases of 63% for weakness/tiredness general,
59% for memory disturbance, 106% for hyperkinetic disorder, 79% for psychological
symptom/complaint other, and 68% for acute stress reaction may be conservative estimates. The

exclusion of nighttime e-consultations therefore strengthens rather than weakens our findings.
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Comparison with previous study

Our results are largely consistent with our previous study that compared medically certified sick

leave and primary healthcare consultations in 2023 with the pre-pandemic 2010-2019 trends (22).

This study expands upon the previous study by revealing that the situation in 2024 is worse than in
2023 and also affects children and adolescents. This development is troubling, given that a large

proportion of Norwegian children have experienced repeated SARS-CoV-2 infections since 2022.

Comparisons with other countries

Similar trends to what we report here have been observed internationally. In most European
countries, sick leave in 2023 was higher than in 2019, regardless of specific cause (91). In Spain, the
proportion of adults reporting chronic health problems increased from a stable 30% (2012-2019) to
42% in early 2022, and reached 50% in late 2024 (92-95). In the United States, the number of people
aged 16 and over living with a disability remained steady at 29-31 million until 2019, before rising
continuously from mid-2020 to nearly 35 million by the end of 2024 (96). These parallel trends
strengthen the case that Norway’s rise in consultations reflects real shifts in population health,
rather than isolated measurement bias or national reporting artefacts, and that these shifts are

related to the COVID-19 pandemic.

Implication for the future burden on primary healthcare

It is likely that the increases in primary healthcare consultations for fatigue, memory disturbance,
hyperkinetic disorder (ADHD/ADD-like symptoms), psychological complaints, and gastrointestinal

complaints are at least partially related to post-acute effects from COVID-19.
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Longitudinal studies suggest poor recovery for many individuals affected by PASC. A Norwegian
study reported that the (elevated) risk of executive deficits more than 366 days after SARS-CoV-2
infection were not significantly different to the (elevated) risk 91-182 days after SARS-CoV-2
infection; that is, recovery was limited (74). Another Norwegian study reported that only 8% of
patients receiving “care as usual” at a post-COVID-clinic recovered after 12 months (97). A Danish
study reported that more than 50% of patients at a post-COVID clinic showed no improvement after

1.5 years (98).

SARS-CoV-2 infection is associated with a nearly 400% increase in risk of ME/CFS (56); for this patient

population, few show benefit of return-to-health/work interventions (99).

Of the 17,170,953 primary healthcare consultations recorded in Norway in 2024 across all
conditions, excess consultations for fatigue, memory disturbance, hyperkinetic disorder (ADHD/ADD-
like symptoms), psychological complaints, and gastrointestinal complaints accounted for
approximately 733,000—equivalent to 4.3% of the total. Thus, the extra burden on healthcare
systems is substantial. If SARS-CoV-2 infections continue to be as prevalent, it should be expected

that an excess burden will persist in the coming years.

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 of the data necessitates caution in causal attribution.

The design also does not allow us to control for contributions from other factors associated with the
SARS-CoV-2 pandemic that may have contributed to the increase in healthcare demand, such as

depression triggered by preventative measures, loss of activities related to private or business life,
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loss of loved ones as reflected in the observed excess mortality, etc. The results must therefore be

interpreted in relation to data and results from other studies.

A further limitation of this study is the inability to capture the full extent of SARS-CoV-2 spread due
to the lack of reliable community transmission data. Nevertheless, our proxy measure based on
vaccine efficacy and hospitalization rates provided valuable insights, showing positive temporal

correlations with a range of health conditions.

An additional limitation of this study is that only 101 ICPC-2 code combinations were available from

NorSysSS.

Strengths

This study has several notable strengths. First, it utilizes national-level registry data from the
Norwegian Syndromic Surveillance System (NorSySS), ensuring near-complete coverage of primary
healthcare consultations across Norway. NorSySS captures both general practitioner and out-of-
hours consultations, regardless of whether they occur physically or digitally, providing a

comprehensive view of healthcare utilization patterns.

Second, the analyses were stratified by age and sex, enabling detailed assessments across
demographic strata. This level of granularity revealed important findings, such as differential impacts

among children, adolescents, and adults, and between sexes for certain conditions.

Third, the study complements and expands upon previously published work by the authors, allowing
for year-over-year comparison and establishing that several concerning trends in 2023 have not only

persisted but worsened in 2024.

Finally, the study incorporated a proxy for COVID-19 community spread, allowing for the exploration

of temporal correlations between COVID-19 community spread and healthcare utilization.
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764  Together, these strengths lend confidence to the conclusion that the observed increases in
765 healthcare utilization for several conditions are not random fluctuations, but are likely associated
766  with systemic effects stemming from COVID-19, likely exacerbated by the Norwegian public health

767 response since 2022.

768

769 Conclusions

770 Substantial increases were observed in primary healthcare consultations in 2024 compared to pre-
771 pandemic levels. Many of the conditions with the greatest excess are associated with post-acute
772 COVID-19 sequelae. The findings suggest ongoing population-level health impacts associated with
773 repeated SARS-CoV-2 infections, particularly among women, children, adolescents, and young

774 adults. Evidence from this study suggests that children in Norway experience excess morbidity

775 related to a lack of protection from SARS-CoV-2 vaccines. Given that Norway's COVID-19 strategy
776 and risk assessments do not address PASC, this information provides critical evidence for

777  understanding the population health consequences of policies that encourage repeated SARS-CoV-2
778 infections. The results from this and our previous study suggest that inaction in the face of these
779  signals may institutionalize chronic illness within the population, with far-reaching consequences for

780  workforce participation, healthcare capacity, and national economic stability.

781
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784 FDR: False discovery rate.
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39



787

788

789

790

791

792

793

794

795

796

797

798

799

800

801

802

803

804

805

806

807

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

helserefusjoner.

NIPH: Norwegian Institute of Public Health; Norwegian: Folkehelseinstituttet.

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

overvakingssystemet.

PCR: Polymerase chain reaction.

PI: Prediction interval.

RNA: Ribonucleic acid.

SARS-CoV-2: Severe acute respiratory syndrome coronavirus 2.

Declarations

Ethics approval and consent to participate

Not applicable. All data are aggregate registry data.

Consent for publication

Not applicable.

Availability of data and materials

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.

40



808

809

810

811

812

813

814

815

816

817

818

819

820

821

822

823

824

825

826

827

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. The other authors declare

that they have no competing interests.

Funding

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.

Author’s 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.

Acknowledgements

Not applicable.

Table 1. Number of primary healthcare consultations for COVID-19 (R992+R991) per year.
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Figure 1. Total number of primary healthcare consultations per year from 2010-2024, with an

expected baseline calculated using data from 2010-2019.

Figure 2. Different measures of COVID-19 community spread between 2020-W09 and 2024-W52.

Figure 3. Ratio of 2024 incidence against 2010—-2019 baseline and correlation within COVID-19

community spread for ICPC-2 codes A*, B*, D*, F*, H*, N*, P*.

Figure 4. Ratio of 2024 incidence against 20102019 baseline and correlation within COVID-19

community spread for ICPC-2 codes R*, S*, U*, X*, Y*,

Figure 5. Number of primary healthcare consultations per year from 2006—2024 for the 10 ICPC-2

code combinations with largest excess in 2024 when compared against the 2010-2019 baseline.

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

Additional File 2. Trend graphs and residual diagnostic plots for the results in Additional File 1.

Additional File 3. Proportion of primary healthcare consultations for A0O4, P02, P20, P29, and P81 per
year from 2019-2024 that are registered as physical consultations (day/night) or electronic

consultations (day/night).
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