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Abstract 

Background  SARS-CoV-2 mRNA vaccination has been associated with both side effects and a reduction in COVID-
related complaints due to the decrease in COVID-19 incidence. We aimed to investigate if individuals who received 
three doses of SARS-CoV-2 mRNA vaccines had a lower incidence of (a) medical complaints and (b) COVID-19-related 
medical complaints, both as seen in primary care, when compared to individuals who received two doses.

Methods  We conducted a daily longitudinal exact one-to-one matching study based on a set of covariates. We 
obtained a matched sample of 315,650 individuals aged 18–70 years who received the 3rd dose at 20–30 weeks after 
the 2nd dose and an equally large control group who did not. Outcome variables were diagnostic codes as reported 
by general practitioners or emergency wards, both alone and in combination with diagnostic codes of confirmed 
COVID-19. For each outcome, we estimated cumulative incidence functions with hospitalization and death as com-
peting events.

Results  We found that the number of medical complaints was lower in individuals aged 18–44 years who received 
three doses compared to those who received two doses. The differences in estimates per 100,000 vaccinated were as 
follows: fatigue 458 less (95% confidence interval: 355–539), musculoskeletal pain 171 less (48–292), cough 118 less 
(65–173), heart palpitations 57 less (22–98), shortness of breath 118 less (81–149), and brain fog 31 less (8–55). We also 
found a lower number of COVID-19-related medical complaints: per 100,000 individuals aged 18–44 years vaccinated 
with three doses, there were 102 (76–125) fewer individuals with fatigue, 32 (18–45) fewer with musculoskeletal pain, 
30 (14–45) fewer with cough, and 36 (22–48) fewer with shortness of breath. There were no or fewer differences in 
heart palpitations (8 (1–16)) or brain fog (0 (− 1–8)). We observed similar results, though more uncertain, for individu-
als aged 45–70 years, both for medical complaints and for medical complaints that were COVID-19 related.

Conclusions  Our findings suggest that a 3rd dose of SARS-CoV-2 mRNA vaccine administered 20–30 weeks after 
the 2nd dose may reduce the incidence of medical complaints. It may also reduce the COVID-19-related burden on 
primary healthcare services.
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Background
Fatigue and respiratory complaints like cough and short-
ness of breath are the most common persistent com-
plaints after mild SARS-CoV-2 infection [1–3]. However, 
similar complaints may occur as results of vaccine reac-
togenicity [4].

A rapid review shows that individuals vaccinated with 
1 or 2 doses were less likely to develop persistent com-
plaints after mild SARS-CoV-2 infection [5]. However, 
most of the studies included in the review focused only 
on individuals who had tested positive for the virus after 
being vaccinated, excluding the potential effects of the 
vaccine in reducing the incidence of COVID-19 [5]. Con-
sequently, estimates of the overall impact of the vaccine in 
reducing COVID-related symptoms in the general popu-
lation are limited [5]. Furthermore, published estimates 
are likely to underestimate the occurrence of symptoms 
such as fatigue and cough among vaccinated individu-
als, as they could be affected by collider bias [6–8]. Pre-
vious studies have largely overlooked the possibility that 
vaccination against COVID-19 may result in side effects 
that are similar to those typically seen after a COVID-19 
infection. For example, fatigue, musculoskeletal pain, and 
other mild symptoms may occur both as side effects of 
the vaccine and after a COVID-19 infection. The acute 
effect of the COVID-19 vaccine on medical symptoms, 
which could be caused by either COVID-19 or vaccine 
side effects, in primary care settings remains unknown.

To better understand the potential impact of third 
dose COVID-19 vaccinations on medical complaints and 
health services, it is important to fully explore their total 
effects. This is especially crucial if we assume that the 
effects of a third dose are similar to those of a fourth dose 
or fifth dose, as any observed consequences could inform 
public health decisions regarding whether or not to rec-
ommend new doses. In many Western countries, includ-
ing Norway, a third dose was recommended for nearly all 
adults, with approximately 50% of the adult population 
in Norway receiving a third dose within 5 to 6 months of 
their second dose [9]. Initially, the National Immuniza-
tion Program of Norway recommended waiting at least 
24  weeks between the second and third doses but later 
revised this to 20 weeks. Despite this, a significant por-
tion of the population received their third dose as late as 
30 weeks after their second dose [9].

In this study, we aimed to examine whether individuals 
vaccinated with three doses of mRNA vaccines between 
20 and 30  weeks after 2nd dose vaccination have an 
altered risk of medical complaints as seen in primary 
care, both related to COVID-19 or side effects, for up to 
90  days after their vaccination compared to individuals 
who were not vaccinated with dose three. We also aimed 
to assess whether this intervention could reduce the 

burden on primary care services in the same time win-
dow following vaccination. Vaccine effects may differ by 
age [10]. Thus, our objectives covered individuals divided 
in two groups: aged 18–44 years and aged 45–70 years. 
The age groups are in accordance with the age-depend-
ent vaccine recommendations provided by the National 
Immunization Program of Norway [11].

Methods
In a cohort study using data from the Norwegian Emer-
gency Preparedness Register [12], we studied individu-
als who were 18 to 70  years and living in Norway from 
January 1, 2021, and who had at least 2 doses with 
mRNA vaccines against SARS-CoV-2 infection by Sep-
tember 13, 2021. The register includes data from all 
vaccination against the SARS-CoV-2 virus from the Nor-
wegian Immunization Registry (SYSVAK), all testing for 
SARS-CoV-2 (polymerase chain reaction tests—PCR) 
as registered in the Norwegian Surveillance System for 
Communicable Diseases Laboratory Database (MSIS-
Lab) from the beginning of the pandemic, and all medical 
records from primary care (used here: general practition-
ers and emergency wards) from the Norwegian Register 
of Primary Health Care (KPR) and specialist care from 
the Norwegian Patient Registry (NPR) (used here: for 
categorization of comorbidities and identification of hos-
pitalized individuals). It also includes data on background 
characteristics such as age, sex, and country of birth from 
the National Population Register (FREG), education level 
from Statistics Norway, and cause-specific deaths from 
the Norwegian Cause of Death Registry.

Participants
All individuals aged 18–70  years living in Norway and 
who had at least 2 doses with mRNA vaccines against 
SARS-CoV-2 infection, from January 1 to September 13, 
2021, were considered for inclusion in the study. The cut-
off date was set to ensure sufficient time for all included 
individuals to receive the third dose before the Norwe-
gian authorities stopped registering positive tests in late 
January 2022 [13].

Individuals who had a positive SARS-CoV-2 test after 
their 2nd dose but before 20–30  weeks after their 2nd 
dose (i.e., their date of possible inclusion), individuals 
who were hospitalized (inpatient), died or emigrated, 
as well as individuals who had one or more of the main 
outcome measures after their 2nd dose but before their 
inclusion date, were excluded from the pool of eligible 
individuals from the date of their event, whichever came 
first. By updating the pool of eligible individuals on a day-
by-day basis, we aimed to minimize potential selection 
bias arising from individuals being less likely to have 3rd 
dose due to the experience of side effects from the 2nd 
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dose, or due to a SARS-CoV-2 infection. By excluding 
individuals with already prevalent complaints (our out-
come measures), we aimed to ensure that we studied new 
(incident) complaints.

Three‑dose and control groups
Our treatment comparison of interest was having ver-
sus not having a third dose of mRNA vaccine against 
the SARS-CoV-2 virus at a minimum of 20 weeks and a 
maximum of 30 weeks after the 2nd dose of mRNA vac-
cine against the virus (with the latest possible date of vac-
cination being January 31, 2022). The eligibility criteria 
implied a varying number of eligible individuals on each 
day of the period described above.

To mimic, as close as possible, the situation of a ran-
domized controlled trial where individuals were rand-
omized to either receiving the 3rd dose or not at the time 
when the 3rd dose was made available to them, we used 
longitudinal matching, day-by-day [14]. Thus, to obtain 
three-dose and control groups that were similar on the 
selected set of background characteristics, we used exact 
one-to-one matching, based on the following set of pos-
sible confounders: the calendar week-year of the second 
dose, age (in years), sex (male/female), education level 
(missing or no education; primary school; upper sec-
ondary school; > 1 year college/university), birth country 
(Norway/abroad), number of all-cause primary health-
care visits (between 2017 and 2019: 0, 1, 2–4, 5–9, or 
≥ 10), number of inpatient hospital admissions (since 
January 1, 2020: 0, 1, 2, or ≥ 3), having a positive test prior 
to the 2nd dose (yes/no), test activity during the calen-
dar year 2020 (the number of negative tests, categorized 
into 0, 1, 2, or ≥ 3), and the number of comorbidities at 1 
December 2020 (0, 1, 2, or ≥ 3, based on risk conditions 
for severe COVID-19 defined by an expert panel and as 
identified in data from the Norwegian Patient Register 
[9]).

Construction of matched sample
First, for each possible third dose vaccination date, we 
identified all eligible individuals who were vaccinated 
that given day and all eligible controls who were not. 
We then matched one-to-one as described above. If no 
exact match existed, the selected individual with three 
doses was excluded. If several matches existed, we ran-
domly selected the control. When repeating the match-
ing for the next possible day for 3rd dose vaccination, we 
excluded the already matched controls from the eligibil-
ity pool to ensure that no controls were included several 
times. In this way, both calendar week and the number 
of weeks or days passed since receiving the 2nd dose (in 
the window of 20–30  weeks after dose 2, translating to 
day 140–210) were of importance for construction of our 

matched sample and the individual follow-up periods 
(Additional file 1: S-Fig. 1). See Additional file 1: S-Meth-
ods for the exact matching algorithm.

The similar time passed since 2nd dose vaccination 
for a case and control in a pair, as well as the inclusion 
of calendar week and year of receiving the 2nd dose as 
a matching variable sought to make the treatment and 
outcomes similar in how they followed periodical or sea-
sonal variations in vaccination and healthcare use. Fur-
ther, our matching approach ensured that the individuals 
to be compared were similar on all other selected char-
acteristics except for the vaccination status on any given 
date or day falling between 20 and 30 weeks (day 0) after 
the 2nd dose of mRNA vaccination.

Outcome measures
Our main outcome measures were the occurrence of 
the complaints most frequently reported to be typi-
cal acute, sub-acute, or post COVID-19 complaints and 
that simultaneously also may be considered as mild side 
effects of mRNA vaccination against SARS-CoV-2. Out-
comes were recorded at the general practitioner or emer-
gency ward in medical records [15], and we measured 
doctor-reported complaints from day 0 (vaccine date 
or hypothetical vaccine date) and up to 90 days: fatigue 
(International Classification of Primary Care (ICPC)-2 
codes: A04, A05, A28, A29), musculoskeletal pain (A01, 
L01–L17, L18–L20, L29), cough (R05), heart palpitations 
(K04, K05, K29), shortness of breath (R02), and brain fog 
(P20). If an individual had multiple complaints of the 
same type, including combinations of registered diag-
nostic codes indicative of the complaint, the first occur-
rence of the complaint was considered. Individuals who 
had one of the main outcomes, for example, cough, were 
also followed up for other outcomes, for example, fatigue, 
and vice versa. That is, these outcomes did not rule out 
each other. We repeated the analyses of each of the main 
outcome measures by additionally requiring an ICPC-2 
code of confirmed COVID-19 (R992) at the same date 
as the date for the doctor visit of the complaint. Medical 
professionals were instructed to assign the R992 code in 
conjunction with a patient’s complaint if it was suspected 
to be associated with a current or prior COVID-19 infec-
tion [16]. Finally, we counted the total number of com-
plaints and the time to the first complaints (any of the 
complaints) as previously reported [17], both with and 
without an R992 diagnosis at the same date.

To explore the potential for bias in our findings, we also 
studied a set of six negative controls: (a) fracture of foot 
and toe (International Classification of Disease (ICD)-10: 
S92), (b) fracture of the forearm (S52), (c) dislocation, 
sprain and strain of joints and ligaments of the shoulder 
girdle (S43), (d) dislocation, sprain and strain of joints 
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and ligaments of knee (S83), (e) intercranial injury (S06), 
and (f ) acute appendicitis (K35), with an assumed simi-
lar incidence in three-dose and control group. One would 
expect that individuals with 2 vs 3 doses of vaccines have 
a similar likelihood of experiencing these outcomes.

For comparison, and a better understanding of the role 
of COVID-19 infection in the two comparison groups, 
we also studied the outcomes of positive SARS-CoV-2 
tests (mild disease) and hospitalization with positive 
SARS-CoV-2 test (severe disease) [18]. The timing of the 
positive test was set to the day of testing. The timing of 
the hospitalization was set to the date of admission, with 
the patient being admitted to the hospital within 2 days 
before or 14 days after testing positive. Like the negative 
controls, these outcomes can be considered as negative 
control outcomes in the initial phase after vaccination 
(7 days), as vaccine is not likely to protect for these out-
comes before immunity has had time to build up [19].

Medical recording to the National registries is man-
dated by law in Norway, ensuring no missing data in our 
study among persons seeking medical health. Norwegian 
health register data have been demonstrated to have high 
validity and reliability in a small comparative study of 
medical journal notes and medical records [15], i.e., they 
may be used for studying patterns of healthcare use and 
complaints leading to healthcare use.

Statistical analyses
In our main analyses, we estimated the cumulative inci-
dence of the outcomes in questions from day 0 after 
(hypothetical) vaccination with dose 3, up until a maxi-
mum of 90 days. Although vaccines are not expected to 
have an effect until the first 7  days [19], we started the 
analysis at day 0 in order to capture the potential burden 
of side effects from the vaccines.

If a matched control had a 3rd dose after the match-
ing (day 0), the matched pair was censored from the date 
of the control’s 3rd dose vaccination. The pairwise cen-
soring was performed to avoid that censoring is depend-
ent on treatment, an approach that has also been used 
in other studies with similar design [20–22] (see also 
Iwagami et al. [23] for a discussion of joint censoring of 
matched pairs). Furthermore, observations were cen-
sored from the date of emigration.

In the analysis of the main outcomes, death and hos-
pitalizations were considered to be competing events. 
That is, it is unlikely that an individual admitted to hos-
pital will seek a general practitioner. Cumulative inci-
dence functions are reported for each of the outcomes. 
For positive tests and COVID-19 hospitalization, death 
is considered a competing event. For death, there are no 
competing events.

The difference in cumulative incidences at 90  days 
after (hypothetical) third dose vaccination was calcu-
lated as the difference in the number of individuals per 
100,000 individuals in the control group with the out-
come in question minus the number of individuals per 
100,000 individuals in the three-dose group with the 
outcome in question (with 95% confidence interval (CI) 
and in relative percent change). We obtained 95% confi-
dence intervals by performing 200 bootstrap replications 
(centile-based).

Finally, we performed an assessment of healthy vac-
cinee bias by studying group differences in COVID-
19-related hospitalization and all-cause mortality. If 
healthy vaccinee bias is present, we would expect group 
differences prior to the expectancy of group differences 
in vaccine studies (typically the first week) [19]. Previous 
studies have reported that early group differences in all-
cause mortality might indicate healthy vaccinee bias in 
vaccine effectiveness studies based on observational data 
[24].

All analyses were run in STATA SE v.17.

Results
Of all 3,722,969 individuals aged 18–70  years living in 
Norway on January 1, 2021, 2,733,517 were available at 
the start of the study period. Of these, 1,773,915 were 
vaccinated with three doses and 959,602 with two doses 
only. After running the one-to-one matching algorithm 
with daily exclusion criteria, we ended up with 631,300 
matched individuals: meaning 18% of the available per-
sons with three doses and 33% of those with two doses 
were successfully matched.

Our study sample consisted of 631,300 individuals 
equally distributed across the three-dose group and the 
control group (Fig.  1). In total, 95,276 (30%) individu-
als in the control group had their 3rd vaccine dose after 
inclusion and within the 90-day follow-up, with the 
mean being at day 30 (SD = 18 days). Controls and their 
matched three-dose cases were censored from the vacci-
nation date and onwards if this date fell inside the 90-day 
follow-up period.

The included, matched individuals were more often 
men, slightly younger, and had higher education, fewer 
comorbidities, and less previous healthcare visits than 
the non-included, non-matched individuals (Additional 
file 1: S-Table 1). After the matching, the three-dose cases 
and the controls were similar on all measured character-
istics that were included in the matching (Table 1), and 
there were no group differences in the incidence of any 
of the negative controls that should be randomly dis-
tributed across the treated and untreated (Additional 
file  1: S-Fig.  2). Incidence curves for positive SARS-
CoV-2 test the first 7 days (i.e., prior to expected vaccine 
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effectiveness) were different by the three-dose group 
(Figs.  2 and 3), suggesting there might be (age-depend-
ent) behavioral responses to the treatment and/or resid-
ual confounding. Additional file 1: S-Fig. 3a shows that a 
larger proportion of controls had their hypothetical vac-
cination date 140  days after their 2nd dose, compared 

to those in the 3rd dose group. This might be explained 
by the fact that there were less controls than three-dose 
cases, and when a control became eligible at day 140 
after their 2nd dose, it was instantly matched to a three-
dose case. However, the mean time between 2nd dose 
and (hypothetical) 3rd dose was similar for both groups 

Fig. 1  Flowchart of the matching process. “Excluded: Non-eligible persons” include individuals with 0 or 1 dose; vaccinated with 2nd dose after 
September 13, 2021; less than 140 days between 2nd and 3rd dose; or dying or migrating before 2nd dose
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(Table  1). Sixty-nine percent of the pairs were followed 
for all 90 days, with a mean follow-up of 72 days (SD = 30) 
days. Ninety-nine percent of the pairs had 0 days differ-
ence in follow-up within the pair, meaning both the con-
trol and three-dose individual were followed for the same 
number of days. For the 1% with differences, three-dose 
individuals were usually followed for a longer time period 
(Additional file 1: S-Fig. 3b). Additional file 1: S-Table 2 
shows that the total numbers of complaints (i.e., counting 
all) were higher among the controls than among those 
vaccinated with three doses.

Main analyses: effects of vaccination on medical 
complaints
Depending on the outcome, the 90-day incidence of com-
plaints ranged from 80 to 5000 per 100,000 individuals 
and was generally lower in the three-dose group than in 
the control group (Fig. 2, Table 2).

Per 100,000 individuals aged 18–44 years vaccinated 
with three doses, there were 458 (95% CI = 355–539) 
fewer individuals with fatigue, 171 (48–292) fewer with 
musculoskeletal pain, 118 (65–173) fewer with cough, 
57 (22–98) fewer with heart palpitations, 118 (81–149) 

Table 1  Descriptive characteristics

a Due to privacy reasons regarding small numbers, we have reported the number of persons with previously positive tests for ages 45–70 to > 5. Comorbidities were 
measured at 1 December 2020. The number of all-cause primary care visits and the number of hospital admissions were measured 1 year prior to each individual’s 
second dose. Negative tests were the number of negative tests in the calendar year 2020

18–44 years 45–70 years

Control group Three-dose group Control group Three-dose group

N = 218,591 N = 218,591 N = 97,059 N = 97,059

Female, N (%) 94,362 (43.2%) 94,362 (43.2%) 43,630 (45.0%) 43,630 (45.0%)

Norwegian, N (%) 180,356 (82.5%) 180,356 (82.5%) 71,918 (74.1%) 71,918 (74.1%)

Age, mean (SD) 30.2 (7.8) 30.2 (7.8) 54.4 (6.8) 54.4 (6.8)

Education, N (%)

  No or missing 10,437 (4.8%) 10,437 (4.8%) 2867 (3.0%) 2867 (3.0%)

  Primary school 48,367 (22.1%) 48,367 (22.1%) 18,231 (18.8%) 18,231 (18.8%)

  Upper sec. school 76,755 (35.1%) 76,755 (35.1%) 42,110 (43.4%) 42,110 (43.4%)

  1 > year university/college 83,032 (38.0%) 83,032 (38.0%) 33,851 (34.9%) 33,851 (34.9%)

Comorbidities

  0 212,114 (97.0%) 212,114 (97.0%) 84,690 (87.3%) 84,690 (87.3%)

  1 6448 (2.9%) 6448 (2.9%) 11,287 (11.6%) 11,287 (11.6%)

  2 29 (0.0%) 29 (0.0%) 1027 (1.1%) 1027 (1.1%)

   ≥ 3 0 0 55 (0.1%) 55 (0.1%)

All-cause PC visits, N (%)

  0 30,000 (13.7%) 30,000 (13.7%) 15,123 (15.6%) 15,123 (15.6%)

  1 26,973 (12.3%) 26,973 (12.3%) 10,999 (11.3%) 10,999 (11.3%)

  2–4 71,521 (32.7%) 71,521 (32.7%) 28,627 (29.5%) 28,627 (29.5%)

  5–9 58,426 (26.7%) 58,426 (26.7%) 25,223 (26.0) 25,223 (26.0)

   ≥ 10 31,671 (14.5%) 31,671 (14.5%) 17,087 (17.6%) 17,087 (17.6%)

Hospital admissions, N (%)

  0 207,723 (95.0%) 207,723 (95.0%) 94,228 (97.1%) 94,228 (97.1%)

  1 10,393 (4.8%) 10,393 (4.8%) 2694(2.8%) 2694(2.8%)

  2 443 (0.2%) 443 (0.2%) 126 (0.1%) 126 (0.1%)

   ≥ 3 32 (0.0%) 32 (0.0%) 11 (0.0%) 11 (0.0%)

Negative tests, N (%)

  0 162,056 (74.1%) 162,056 (74.1%) 84,459 (87.0%) 84,459 (87.0%)

  1 40,773 (18.7%) 40,773 (18.7%) 10,193 (10.5%) 10,193 (10.5%)

  2 11,269 (5.2%) 11,269 (5.2%) 1806 (1.9%) 1806 (1.9%)

   ≥ 3 4493 (2.1%) 4493 (2.1%) 601 (0.6%) 602 (0.6%)

Previously positive, N (%) 5 (0.0%) 5 (0.0%)  > 5 (0.0%)a  > 5 (0.0%)a

Days since 2nd dose, (SD) 148.7 (15.4) 149.0 (15.2) 158.4 (22.1) 158.7 (21.8)
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fewer with shortness of breath, and 31 (8–53) fewer 
with brain fog, all measured at up to 90 days after day 
0 and compared to 100,000 individuals not vaccinated 
with three doses (Table 2). These estimates reflect that 
the risks of all complaints were around 5% to 40% lower 
in individuals vaccinated with 3 doses vs individuals not 
vaccinated with 3 doses (and who have 20–30  weeks 
waning effects of the second vaccine dose) (Table 2).

Corresponding estimates for individuals aged 
45–70  years were similar or somewhat higher for out-
comes of fatigue, cough, and shortness of breath 
(Table 2). However, there were no significant differences 
in the numbers experiencing musculoskeletal pain or 
brain fog between the two groups (Table 2, Fig. 3).

We observed fewer individuals with any of the com-
plaints in the three-dose group compared to the control 

Fig. 2  Medical complaints for individuals less than 45 years. Solid lines show the cumulative incidence of visiting the general practitioner 
or emergency ward with common complaints for up to 90 days after a (hypothetical) date of the third dose of mRNA vaccines, per 100,000 
individuals for individuals under the age of 45. Red curve shows individuals with three doses (three-dose group), and blue curve shows the control 
group consisting of individuals without three doses. Shaded areas show 95% confidence intervals. Dashed lines show the cumulative incidence 
of competing risks. Competing risk includes death and hospitalization for the six main outcomes, only death for positive tests and COVID-19 
hospitalizations, and no competing risk for all-cause mortality. Dashed vertical line represents day 7, prior to which no vaccine effectiveness can be 
expected
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group, both for 18–44-year-olds (813 (678–975) per 
100,000) and for 45–70-year-olds (666 (443–941) per 
100,000) (Table 2, Fig. 4).

Secondary analyses: effects of vaccination on medical 
complaints related to COVID‑19
When considering only complaints with registered doc-
tors suspected COVID-19 relation (complaint + R992), 
we observed lower 90-day cumulative incidences 

ranging from 0 to 200 per 100,000 individuals (Table 2, 
Figs. 5 and 6). Per 100,000 individuals aged 18–44 years 
vaccinated with three doses, there were 102 (95% 
CI = 76–125) fewer individuals with fatigue, 32 (18–45) 
fewer with musculoskeletal pain, 30 (14–45) fewer with 
cough, and 36 (22–48) fewer with shortness of breath 
(Table 2, Fig. 5). There were no or fewer differences in 
heart palpitations (8 (1–16)) or brain fog (3 (− 1–8)) 
(Table  2, Fig.  5). This represents a 40–60% lower inci-
dence in the three-dose group.

Fig. 3  Medical complaints for individuals 45 years or older. Solid lines show the cumulative incidence of visiting the general practitioner or 
emergency ward with common complaints for up to 90 days after a (hypothetical) date of third dose of mRNA vaccines, per 100,000 individuals for 
individuals 45 years or older. Red curve shows individuals with three doses (three-dose group) and blue curve shows the control group consisting 
of individuals without three doses. Shaded areas show 95% confidence intervals. Dashed lines show the cumulative incidence of competing risks. 
Competing risk includes death and hospitalization for the six main outcomes, only death for positive tests and COVID-19 hospitalizations, and no 
competing risk for all-cause mortality. Dashed vertical line represents day 7, prior to which no vaccine effectiveness can be expected
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Similarly, for individuals aged 45–70 years vaccinated 
with three doses, we found a 50–90% lower incidence 
of fatigue (125 (90–154) per 100,000), musculoskel-
etal pain (33 (9–54) per 100,000), cough (59 (31–87) 
per 100,000), and shortness of breath (66 (38–76) per 
100,000) compared to the control group. Again, there 
were few observations and no significant differences in 
heart palpitations (4 (− 4–9) per 100,000) or brain fog 
(1 (− 3–5) per 100,000).

We observed fewer individuals with any of the com-
plaints (with suspected COVID-19 relation) in the 
three-dose group compared to the control group, 
both for 18–44-year-olds (189 (149–227) per 100,000) 
and for 45–70-year-olds (258 (205–308) per 100,000) 
(Table 2, Fig. 4).

Table 2  The difference in cumulative incidence of medical complaints for up to 90 days after 3rd dose mRNA vaccine vs no 3rd dose 
mRNA vaccine per 100,000 vaccinated

95% CI were obtained using 200 bootstrap replications

Three-dose group Control group Reduction per 100,000 (95% 
CI)

Reduction in %

Fatigue

  45 years 1714 2 172 458 (355, 539) 21%

   < 45 years, with R992 94 196 102 (76, 125) 52%

   ≥ 45 years 1293 1 788 495 (364, 614) 28%

   ≥ 45 years, with R992 62 187 125 (90, 154) 67%

Musculoskeletal pain

   < 45 years 3438 3 609 171 (48, 292) 5%

   < 45 years, with R992 26 58 32 (18, 45) 55%

   ≥ 45 years 4976 4 797  − 179 (− 419, 26)  − 4%

   ≥ 45 years, with R992 30 63 33 (9, 54) 52%

Cough

   < 45 years 564 682 118 (65, 173) 17%

   < 45 years, with R992 42 72 30 (14, 45) 42%

   ≥ 45 years 705 1001 296 (191, 389) 30%

   ≥ 45 years, with R992 44 103 59 (31, 87) 57%

Heart palpitations

   < 45 years 247 304 57 (22, 98) 20%

   < 45 years, with R992 6 14 8 (1, 16) 57%

   ≥ 45 years 306 375 69 (14, 132) 18%

   ≥ 45 years, with R992 3 7 4 (− 4, 9) 57%

Shortness of breath

   < 45 years 204 322 118 (81, 149) 37%

   < 45 years, with R992 17 53 36 (22, 48) 68%

   ≥ 45 years 287 463 176 (100, 240) 38%

   ≥ 45 years, with R992 11 67 56 (38, 76) 84%

Brain fog

   < 45 years 91 122 31 (8, 53) 25%

   < 45 years, with R992 2 5 3 (− 1, 8) 60%

   ≥ 45 years 80 101 21 (− 10, 52) 21%

   ≥ 45 years, with R992 2 3 1 (− 3, 5) 33%

First/any complaint

   < 45 years 5989 6802 813 (678, 975) 12%

   < 45 years, with R992 179 368 189 (149, 227) 51%

   ≥ 45 years 7349 8015 666 (443, 941) 8%

   ≥ 45 years, with R992 145 403 258 (205, 308) 64%
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Sub‑analyses: assessment of altered COVID‑19 incidence, 
COVID‑19 hospitalizations, and all‑cause mortality
For individuals aged 18–44  years, vaccination with 
three doses was associated with a lower incidence of 
positive SARS-CoV-2 tests compared to the control 
group, with approximately 15,000 fewer infections per 
100,000 vaccinated individuals (Fig.  2). No significant 
differences were observed in COVID-19 hospitalization 
rates or all-cause mortality between the two groups 
during the first 7 days, which may suggest the absence 
of a healthy vaccinee bias. However, 3  weeks after the 

third dose, there were fewer COVID-19-related hos-
pitalizations in the three-dose group compared to the 
control group (Fig. 2).

Similarly, for individuals aged 45–70 years, the 90-day 
incidence of positive SARS-CoV-2 tests was lower in 
the three-dose group, with approximately 10,000 fewer 
infections per 100,000 vaccinated individuals compared 
to the control group (Fig. 3). In contrast to the younger 
group, there were differences in both COVID-19 hos-
pitalizations and all-cause mortality prior to and after 
day 7 (Fig.  3), which could suggest that individuals 

Fig. 4  Time to the first complaint. Solid lines show the cumulative incidence of visiting the general practitioner or emergency ward with common 
complaints for up to 90 days after a (hypothetical) date of the third dose of mRNA vaccines, per 100,000 individuals for individuals under the age 
of 45. Red curve shows individuals with three doses (three-dose group), and blue curve shows the control group consisting of individuals without 
three doses. Shaded areas show 95% confidence intervals. Dashed lines show the cumulative incidence of competing risks. Competing risk includes 
death and hospitalization. Dashed vertical line represents day 7, prior to which no vaccine effectiveness can be expected
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who were already ill refrained from getting vaccinated, 
potentially leading to bias in the analyses of the oldest 
age group.

Discussion
We found that the number of individuals with fatigue, 
musculoskeletal pain, cough, heart palpitations, short-
ness of breath, and brain fog was lower in individuals 
aged 18–44 years who received three doses compared to 
those who received two doses. Among three-dose vac-
cinated 18–44-year-olds, we also found a lower number 
of individuals with suspected COVID-19-related fatigue, 
musculoskeletal pain, cough, and shortness of breath 
than among same-aged individuals with only two doses. 
There were no group differences in suspected COVID-
19-related heart palpitations or brain fog. We observed 
similar results, though more uncertain, for individuals 
aged 45–70 years.

Comparison to previous studies
To our knowledge, this study is the first to explore 
whether 3rd dose mRNA vaccination against SARS-
CoV-2 affects complaints as seen in primary care. Our 
results indicate no immediate increase in any outcome 

immediately after the administration of the third dose, 
which is consistent with recent studies that report few 
side effects and no excess risk of fatal events, except for 
myocarditis [25, 26]. Furthermore, our findings shed 
new light on recent studies that have investigated the 
impact of mRNA vaccination with one or two doses, 
which report a lower prevalence of COVID-related 
complaints following vaccination compared to no vac-
cination [6, 27]. For example, a retrospective study 
reported incidences of respiratory failures of around 
15% for vaccinated individuals versus 10% for unvac-
cinated individuals 6  months after a positive test [28]. 
However, an important limitation of these and other 
similar studies [8] is that only participants with con-
firmed COVID-19 were included, which implies that 
the effect of vaccination on reduced incidence of 
COVID-19 was not accounted for and likely underes-
timating vaccine effectiveness [5–7]. Other factors that 
prevent an effective comparison of findings to previ-
ous studies include differences in inclusion criteria/
methodology (retrospective sampling vs. longitudi-
nal matching) as well as differences in measurement 
methods of main outcome measures (patient-reported 
vs. medical records). While medical records, as used 
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in the current study, might be hypothesized to be less 
sensitive to changes in health than patient-reported 
measures, they are well-suited to capture the burden of 
symptoms on health services.

Our study provides important insights into the 
COVID-related symptoms previously reported [8, 27, 28], 
and the burden it has on the primary care health system. 
Specifically, we have identified an effect of vaccination on 
medical complaints seen in primary care, including both 
complaints with registered doctors suspected COVID-19 
relation and complaints that may be due to both COVID-
19 or side effects from vaccination. Based on our esti-
mates, we found that on average, 666 (≥ 45  years) and 
813 (< 45 years) fewer individuals per 100,000 vaccinated 
would visit primary care with any complaint following a 
3rd dose vaccination as compared to those who did not 
receive a 3rd dose. Complaints with suspected COVID-
19 relation were less common and the absolute group 
differences smaller; however, differences between the 
two groups were relatively larger for any complaint as 
well as fatigue, musculoskeletal pain, cough, and short-
ness of breath. For heart palpitations and brain fog, there 
were no group differences, likely due to few visits. The 
latter contradicts previous findings linking brain fog to 

COVID-19 [29, 30]. There are several possible explana-
tions for this discrepancy, including the limited number 
of cases, coding practices from general practitioners, or 
the relatively short duration of follow-up in our study. 
Furthermore, our competing risk model may have played 
a role in the low incidence of brain fog, as it only consid-
ers the first outcome. For example, if most cases of brain 
fog occurred after hospitalization for COVID-19, they 
would not be included in the analysis due to hospitaliza-
tion being considered a competing risk.

In general, our findings suggest that the reduced inci-
dence of complaints among vaccinated individuals may 
be partly attributed to lower COVID-19 incidence rates. 
Our results align with recent reports on the vaccine’s effi-
cacy in reducing severe symptoms. Several studies using 
the same methodology as our current study (longitudi-
nal matching based on observational data) have reported 
that mRNA vaccination has an effect on SARS-CoV-2 
infection and severe COVID-19 outcomes [20–22].

Interpretation and relevance
None of our analyses indicated any immediate increase in 
complaints after 3rd dose mRNA vaccination, suggesting 
that side effects are not burdening primary care services 
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to any large degree. Our observations provide the follow-
ing important public health messages: In countries with a 
lower or similar vaccine coverage as Norway, our findings 
may be of relevance for questions of whether an addi-
tional dose should be offered. If the effect of the 3rd dose 
on the primary care services is waning to the same extent 
as may be the case with the 2nd dose, as shown over half 
a year in the current analyses, and if we assume similar 
effects of the 4th as after the 3rd dose, there may be rea-
sons for authorities to recommend a 4th dose or even a 
5th dose. However, our study was based on an already 
implemented intervention, with some important implica-
tions for the interpretation of our effects estimates. For 
example, we had the uncommon situation of fewer con-
trols than cases, i.e., a higher proportion of controls than 
cases were selected into our sample. Since our estimates 
represent the treatment effect in those that are eligible 
for matching, the resulting effect is the average treatment 
effect in the “overlap” population (ATO) [31].

Our matching criteria on the calendar year-week of the 
second dose ensured that there was a possible maximum 
of 7 days between the 2nd dose for both the three-dose 
and control groups. However, upon analysis, we observed 
that a slightly larger proportion of individuals in the con-
trol group had their hypothetical vaccination date set for 
140  days after their 2nd dose, when compared to those 
in the three-dose group. This finding is depicted in Addi-
tional file 1: S-Fig. 3a. It is noteworthy that if the distri-
bution of these dates had been identical, we would have 
expected to see an even larger waning effect of the 2nd 
dose. Hence, we might have underestimated the effect of 
a 3rd dose in our sample.

Strengths and limitations
Important strengths of our study were the population-
based study sample, the detailed longitudinal follow-up, 
and rich dataset, allowing for various secondary analyses 
to investigate potential sources of bias. Our results can be 
generalized to Western countries with similar healthcare 
systems like Norway, i.e. with free access to healthcare.

The study also has several limitations. First, healthy 
vaccinee bias or confounding by indication may explain 
our findings for the oldest age group, which was demon-
strated in the analyses of age-specific all-cause mortality 
[24]. For example, individuals with a history of bleeding 
episodes and individuals who were medicated with beta 
blockers were recommended to consult a physician prior 
to vaccination [32]. Thus, we cannot rule out that par-
ticularly older and comorbid individuals in the control 
group refrained from having the third dose due to poor 
underlying health and, accordingly, had a higher level 
of healthcare use in general. This potential bias seemed 
not to be an issue among individuals aged 18–44 years. 

However, although we excluded individuals with con-
firmed ongoing SARS-CoV-2 infection from the eligibil-
ity pool on a day-by-day basis, we cannot rule out that 
there may have been more suspected COVID-19 in the 
control group around day 0 in this age group. Immediate 
behavioral responses to treatment or residual confound-
ing might explain the high incidence of positive SARS-
CoV-2 tests seen up to day 7 in Figs. 2 and 3. Additionally, 
it is plausible that the group receiving the third dose 
exhibited greater health consciousness or adhered to 
more precautions overall. This possibility in differences 
in testing patterns, disease duration, and severity across 
comparison groups would not be captured with routinely 
collected register data.

A second limitation is that strict selection criteria led 
to the exclusion of 82% of the eligible individuals who 
received three doses, raising questions regarding the 
representativity of findings. While our sample provided 
valuable insights into the research question at hand, it 
is important to note that the participants in our study 
were, on average, younger and healthier than the general 
population. This raises concerns about whether our find-
ings can be applied to a broader population with varying 
ages and health statuses. It is possible that the results of 
our study may not hold true for older or less healthy indi-
viduals, and thus caution should be taken when extrapo-
lating our conclusions beyond the specific population 
that we studied. Particularly, as we excluded individu-
als with prevalent complaints between the 2nd and 3rd 
dose, implying we might have studied a sample of very 
healthy people. However, as a result, we expect that the 
participants had few conflicting interests in their decision 
or ability to visit primary care (for example that hospital 
admission prevented a primary care visit).

A third limitation is the changing of test criteria 
throughout the follow-up period, giving small and impre-
cise estimates from 60 to 90 days after the date of vacci-
nation in the analyses where we measured SARS-CoV-2 
positivity. Since testing criteria changed 1 week before we 
stopped our inclusion period, this may have influenced 
the number of positive tests in the three-dose group for 
the first 7 days. However, this did not influence the num-
ber of complaints for either group, persons would still 
visit the general practitioner with the given complaints. 
In addition to this, not all persons suffering from com-
plaints after vaccines or COVID-related symptoms visit 
primary healthcare services; hence, we might have too 
rough outcome measures to detect vaccine effects.

A final limitation is the larger number of subjective 
tunable parameters in the construction of the matched 
population. For example, there may be time-based biases 
due to truncation of follow-up time for individuals who 
switched from the control group to the three-dose group 
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during the 20–30  week intervention period. This bias 
might be reduced by matching on a calendar date in 
place of week; however, this approach would greatly have 
reduced the number of matchable individuals, subse-
quently limiting generalizability. Our main findings were 
robust to changes in several of these parameters, includ-
ing calendar week vs month [33].

Conclusions
Our findings suggest that a 3rd dose of SARS-CoV-2 
mRNA vaccine administered 20–30 weeks after the 2nd 
dose may reduce the incidence of medical complaints 
including fatigue, musculoskeletal pain, cough, heart pal-
pitations, shortness of breath, and brain fog. It may also 
reduce the COVID-19-related burden of such complaints 
on primary healthcare services. There were no signs of 
vaccine-related side effects burdening primary care. Alto-
gether, these are important findings, suggesting that the 
burden on primary care may be reduced with the admin-
istration of additional vaccine doses. Our findings may 
inform public health decision-making about whether 
and when additional mRNA vaccine doses should be 
recommended.

Abbreviations
COVID-19	� Coronavirus disease 2019
FREG	� National Population Register
ICD-10	� International Classification of Diseases
ICPC-2	� International Classification of Primary Care
KPR	� Norwegian Register of Primary Health Care
mRNA	� Messenger ribonucleic acid
MSIS-Lab	� Norwegian Surveillance System for Communicable Disease Labo-

ratory Database
NPR	� Norwegian Patient Registry
PCR	� Polymerase chain reaction
SARS-CoV-2	�Severe acute respiratory syndrome coronavirus 2
SYSVAK	� Norwegian Immunization Registry

Supplementary Information
The online version contains supplementary material available at https://​doi.​
org/​10.​1186/​s12916-​023-​02870-2.

Additional file 1: Supplementary Fig. 1. Distribution of 3rd dose over days 
after 2nd dose. Supplementary Table 1. Descriptive statistics of included 
and not included eligible persons. Supplementary Fig. 2. Negative con-
trols. Supplementary Fig. 3. Time differences within pairs. Supplementary 
Table 2. Total number of complaints. Supplementary Methods. Stata code 
for matching.

Acknowledgements
We would like to thank the Norwegian Directorate of Health, in particular 
Director for Health Registries Olav Isak Sjøflot and his department, for excellent 
cooperation in establishing the emergency preparedness register. We would 
also like to thank Gutorm Høgåsen, Ragnhild Valen, and Anja Elsrud Schou 
Lindman for their invaluable efforts in the work on the register. The interpreta-
tion and reporting of the data are the sole responsibility of the authors, and 
no endorsement by the register is intended or should be inferred. We would 
also like to thank everyone at the Norwegian Institute of Public Health who 
has been part of the outbreak investigation and response team.

Authors’ contributions
KM designed the study. FM had access to all the data in the study and takes 
full responsibility for the integrity of the data and the accuracy of the data 
analysis. FM performed the statistical analyses. KM drafted the study and 
critically evaluated all stages of the research process. FM, JMG, MV, JMK, KT, 
and KM contributed with acquisition of data, conceptual design, analyses, and 
interpretation of results. FM, JMG, MV, JMK, KT, and KM contributed to drafting 
the article or critically revising it for important intellectual content. All authors 
read and approved the final manuscript.

Funding
Open access funding provided by Norwegian Institute of Public Health (FHI). 
The study was funded internally by the Norwegian Institute of Public Health. 
The funders had no role in considering the study design or in the collection, 
analysis, interpretation of data, writing of the report, or decision to submit the 
article for publication. No external funding was received.

Availability of data and materials
The dataset of this study was the Emergency Preparedness Register for 
COVID-19 (Beredt C19), which is a property of the Norwegian Institute of 
Public Health that was provided to the researchers through a restricted-access 
agreement that prevents sharing the dataset with a third party or publicly. 
Individual-level data of patients included in this paper after de-identification 
are considered sensitive and will not be shared. However, the individual-level 
data in the registries compiled in Beredt C19 are accessible to authorized 
researchers after ethical approval and application to “helsedata.no/en” admin-
istered by the Norwegian Directorate of eHealth. Data requests may be sent to 
“servi​ce@​helse​data.​no”.
All computer codes used to analyze the data relevant in this study were writ-
ten and run in STATA SE v. 17. The custom codes developed to reproduce the 
results are available upon request.

Declarations

Ethics approval and consent to participate
The Ethics Committee of South-East Norway confirmed (June 4, 2020, 
#153204) that external ethical board review was not required. The data sources 
(The emergency preparedness register for COVID-19 (Beredt C19)) and meth-
ods used were regarded by the ethical committee to respond to research aims 
not falling within the Law of Health Research §§ 2 and 4a. Their resolution was 
also based on the fact that the data sources were established and handled in 
accordance with the Health Preparedness Act §2-4 (11), enabling a quick and 
responsive way for the Norwegian government to access knowledge of how 
to handle the pandemic. No informed consent from participants was required 
since our study was based on routinely collected register data covering the 
entire Norwegian population. Data from the different registers included in the 
study were linked by the responsible researchers using an encrypted personal 
ID-variable. The researchers responsible for the data linkage and analyses had 
no access to the unencrypted ID-numbers. All methods were carried out in 
accordance with relevant guidelines and regulations. To protect participants’ 
privacy and security of personal data, all data were handled under strict confi-
dentiality and access control as described in the Norwegian Institute of Public 
Health’s internal documentation.

Consent for publication
Not applicable.

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

Author details
1 Norwegian Institute of Public Health, Postboks 222, Skøyen, Oslo N‑0213, Nor-
way. 2 Oslo Centre for Biostatistics & Epidemiology, Department of Biostatistic, 
University of Oslo, Oslo, Norway. 3 Oslo Centre for Biostatistics & Epidemiology, 
Oslo University Hospital, Oslo, Norway. 4 Department of Community Medicine 
& Global Health, University of Oslo, Oslo, Norway. 5 Department of Health 
Management and Health Economics, University of Oslo, Oslo, Norway. 6 Clinical 
Epidemiology Unit, Orthopedics, Department of Clinical Sciences Lund, Lund 
University, Lund, Sweden. 

https://doi.org/10.1186/s12916-023-02870-2
https://doi.org/10.1186/s12916-023-02870-2
service@helsedata.no


Page 15 of 15Methi et al. BMC Medicine          (2023) 21:157 	

Received: 29 September 2022   Accepted: 18 April 2023

References
	1.	 Himmels JPW, Gomez Castaneda M, Brurberg KG, Gravningen KM. COVID-

19: long-term symptoms after COVID-19 [Langvarige symptomer etter 
covid-19. Hurtigoversikt 2021]. Oslo: Norwegian Institute of Public Health; 
2021.

	2.	 Magnusson K, Kristoffersen DT, Dell’Isola A, Kiadaliri A, Turkiewicz A, Runhaar 
J, et al. Post-COVID medical complaints after SARS-CoV-2 Omicron vs Delta 
variants - a prospective cohort study. medRxiv. 2022. https://​doi.​org/​10.​
1101/​2022.​05.​23.​22275​445.

	3.	 Sagherian K, Geiger-Brown J, Rogers VE, Ludeman E. Fatigue and risk 
of sickness absence in the working population: a systematic review 
and meta-analysis of longitudinal studies. Scand J Work Environ Health. 
2019;45(4):333–45. https://​doi.​org/​10.​5271/​sjweh.​3819.

	4.	 Rosenblum HG, Gee J, Liu R, Marquez PL, Zhang B, Strid P, et al. Safety 
of mRNA vaccines administered during the initial 6 months of the US 
COVID-19 vaccination programme: an observational study of reports to 
the Vaccine Adverse Event Reporting System and v-safe. Lancet Infect Dis. 
2022;22(6):802–12. https://​doi.​org/​10.​1016/​s1473-​3099(22)​00054-8.

	5.	 UK Health Security Agency. The effectiveness of vaccination against long 
COVID. A rapid evidence briefing. 2022. p. 1–14.

	6.	 Banack HR, Kaufman JS. The obesity paradox: understanding the effect of 
obesity on mortality among individuals with cardiovascular disease. Prev 
Med. 2014;62:96–102. https://​doi.​org/​10.​1016/j.​ypmed.​2014.​02.​003.

	7.	 Griffith GJ, Morris TT, Tudball MJ, Herbert A, Mancano G, Pike L, et al. Collider 
bias undermines our understanding of COVID-19 disease risk and severity. 
Nat Commun. 2020;11(1). https://​doi.​org/​10.​1038/​s41467-​020-​19478-2.

	8.	 Al-Aly Z, Bowe B, Xie Y. Long COVID after breakthrough SARS-CoV-2 
infection. Nat Med. 2022;28(7):1461–7. https://​doi.​org/​10.​1038/​
s41591-​022-​01840-0.

	9.	 The Norwegian coronavirus immunization programme, rationale and 
statistics. 2022. Available from: https://​www.​fhi.​no/​en/​id/​vacci​nes/​coron​
avirus-​immun​isati​on-​progr​amme/​coron​avirus-​vacci​ne/; https://​www.​fhi.​no/​
en/​id/​vacci​nes/​coron​avirus-​immun​isati​on-​progr​amme/​coron​avirus-​vacci​
nation-​stati​stic/; https://​www.​fhi.​no/​conte​ntass​ets/​9d235​93d6e​be443​
ba125​56d3f​7284e​b8/​norwe​gian-​ethics-​advis​ory-​report-​for-​corona-​vacci​
nation.​pdf. Accessed 19 Aug 2022.

	10.	 Collier DA, Ferreira IATM, Kotagiri P, Datir RP, Lim EY, Touizer E, et al. 
Age-related immune response heterogeneity to SARS-CoV-2 vaccine 
BNT162b2. Nature. 2021;596(7872):417–22. https://​doi.​org/​10.​1038/​
s41586-​021-​03739-1.

	11.	 Norwegian Institute of Public Health. Coronavirus immunization program. 
Who will get the coronavirus vaccine?. https://​www.​fhi.​no/​en/​id/​vacci​nes/​
coron​avirus-​immun​isati​on-​progr​amme/​who-​will-​get-​coron​avirus-​vacci​ne-​
first/. Accessed 29 Feb 2023.

	12.	 Norwegian Institute of Public Health. The Norwegian Emergency Prepared-
ness Register (BEREDT C19). 2020. Available from: https://​www.​fhi.​no/​sv/​
smitt​somme-​sykdo​mmer/​corona/​norsk-​bered​skaps​regis​ter-​for-​covid-​19/. 
Accessed 18 May 2022.

	13.	 The Norwegian Government. Ministry of Health and Care Services. PCR test 
no longer required for people with three vaccine doses. Available from: 
https://​www.​regje​ringen.​no/​en/​aktue​lt/​pcr-​test-​no-​longer-​requi​red-​for-​
people-​with-​three-​vacci​ne-​doses/​id289​8063/. Accessed 20 Feb 2023.

	14.	 Thomas LE, Yang S, Wojdyla D, Schaubel DE. Matching with time-dependent 
treatments: a review and look forward. Stat Med. 2020;39(17):2350–70. 
https://​doi.​org/​10.​1002/​sim.​8533.

	15.	 Sporaland GL, Mouland G, Bratland B, Rygh E, Reiso H. Allmennlegers bruk 
av ICPC-diagnoser og samsvar med journalnotatene [Use of ICPC diagnoses 
by general practitioners and correspondence with medical records]. Tidsskr 
Nor Legeforen. 2019. https://​doi.​org/​10.​4045/​tidss​kr.​18.​0440.

	16.	 Helsedirektoratet. Det er god registrering av covid-19-rehabilitering i helse- 
og omsorgstjenestene på begge tjenestenivåer, som ledd i å øke kunnska-
pen på feltet. [It is good registration of COVID-19 rehabilitation in health 
and care services at both service levels, as part of increasing knowledge in 
the field]. Available from: https://​www.​helse​direk​torat​et.​no/​tema/​rehab​ilite​
ring-​habil​iteri​ng-​og-​indiv​iduell-​plan/​nasjo​nal-​plan-​for-​rehab​ilite​ring-​etter-​
covid-​19/​malse​tting​er-​med-​tiltak-​og-​begru​nnelse/​det-​er-​god-​regis​treri​

ng-​av-​covid-​19-​rehab​ilite​ring-i-​helse-​og-​omsor​gstje​neste​ne-​pa-​begge-​
tjene​steni​vaer-​som-​ledd-i-​a-​oke-​kunns​kapen-​pa-​feltet. Accessed 3 Apr 
2023.

	17.	 Magnusson K, Kristoffersen DT, Dell’Isola A, Kiadaliri A, Turkiewicz A, Runhaar 
J, et al. Post-COVID medical complaints following infection with SARS-CoV-2 
Omicron vs Delta variants. Nat Commun. 2022;13(1). https://​doi.​org/​10.​
1038/​s41467-​022-​35240-2.

	18.	 Skyrud KD, Hernæs KH, Telle KE, Magnusson K. Impacts of mild COVID-19 
on elevated use of primary and specialist health care services: a nationwide 
register study from Norway. PLoS One. 2021;16(10):e0257926. https://​doi.​
org/​10.​1371/​journ​al.​pone.​02579​26.

	19.	 Magen O, Waxman JG, Makov-Assif M, Vered R, Dicker D, Hernán MA, et al. 
Fourth dose of BNT162b2 mRNA COVID-19 vaccine in a nationwide setting. 
N Engl J Med. 2022;386(17):1603–14. https://​doi.​org/​10.​1056/​NEJMo​a2201​
688.

	20.	 Barda N, Dagan N, Cohen C, Hernán MA, Lipsitch M, Kohane IS, et al. 
Effectiveness of a third dose of the BNT162b2 mRNA COVID-19 vaccine 
for preventing severe outcomes in Israel: an observational study. Lancet. 
2021;398(10316):2093–100. https://​doi.​org/​10.​1016/​S0140-​6736(21)​02249-2.

	21.	 Dagan N, Barda N, Biron-Shental T, Makov-Assif M, Key C, Kohane IS, et al. 
Effectiveness of the BNT162b2 mRNA COVID-19 vaccine in pregnancy. Nat 
Med. 2021;27(12):1693–5. https://​doi.​org/​10.​1038/​s41591-​021-​01490-8. 
Epub 2021 Oct 21. PMID: 34675002.

	22.	 Dagan N, Barda N, Kepten E, Miron O, Perchik S, Katz MA, et al. BNT162b2 
mRNA COVID-19 vaccine in a nationwide mass vaccination setting. N Engl J 
Med. 2021;384(15):1412–23. https://​doi.​org/​10.​1056/​NEJMo​a2101​765.

	23.	 Iwagami M, Shinozaki T. Introduction to matching in case-control and 
cohort studies. Ann Clin Epidemiol. 2022;4(2):33–40. https://​doi.​org/​10.​
37737/​ace.​22005.

	24.	 Remschmidt C, Wichmann O, Harder T. Frequency and impact of confound-
ing by indication and healthy vaccinee bias in observational studies assess-
ing influenza vaccine effectiveness: a systematic review. BMC Infect Dis. 
2015;15(1). https://​doi.​org/​10.​1186/​s12879-​015-​1154-y.

	25.	 Barda N, Dagan N, Ben-Shlomo Y, Kepten E, Waxman J, Ohana R, et al. Safety 
of the BNT162b2 mRNA COVID-19 vaccine in a nationwide setting. N Engl J 
Med. 2021;385(12):1078–90. https://​doi.​org/​10.​1056/​NEJMo​a2110​475.

	26.	 Mevorach D, Anis E, Cedar N, Bromberg M, Haas EJ, Nadir E, et al. Myocarditis 
after BNT162b2 mRNA vaccine against COVID-19 in Israel. N Engl J Med. 
2021;385(23):2140–9. https://​doi.​org/​10.​1056/​NEJMo​a2109​730.

	27.	 Ayoubkhani D, Bermingham C, Pouwels KB, Glickman M, Nafilyan V, Zaccardi 
F, et al. Trajectory of long covid symptoms after COVID-19 vaccination: com-
munity based cohort study. BMJ. 2022:e069676. https://​doi.​org/​10.​1136/​
bmj-​2021-​069676.

	28.	 Taquet M, Dercon Q, Harrison PJ. Six-month sequelae of post-vaccination 
SARS-CoV-2 infection: a retrospective cohort study of 10,024 breakthrough 
infections. Brain Behav Immun. 2022;103:154–62. https://​doi.​org/​10.​1016/j.​
bbi.​2022.​04.​013.

	29.	 Wild CJ, Norton L, Menon DK, Ripsman DA, Swartz RH, Owen AM. Disentan-
gling the cognitive, physical, and mental health sequelae of COVID-19. Cell 
Rep Med. 2022;3(10):100750.

	30.	 Asadi-Pooya AA, Akbari A, Emami A, Lotfi M, Rostamihosseinkhani M, 
Nemati H, et al. Long COVID syndrome-associated brain fog. J Med Virol. 
2022;94(3):979–84.

	31.	 Greifer N, Stuart EA. Choosing the estimand when matching or weighting in 
observational studies. arXiv [Preprint]. 2021. https://​doi.​org/​10.​48550/​arXiv.​
2106.​10577.

	32.	 Norwegian Institute of Public Health. Checklist for individuals who are 
offered a SARS-CoV-2 vaccine [Norwegian]. 2021. Available from: https://​
helse​respo​ns.​no/​web/​doku/​16152​00183_​949.​pdf. Accessed 11 Sept 2022.

	33.	 Methi F, Gran JM, Valberg M, Kinge JM, Telle KE, Magnusson K. Medical com-
plaints after 3 vs 2 doses SARS-CoV-2 mRNA vaccination. medRxiv [Preprint]. 
2022. https://​doi.​org/​10.​1101/​2022.​07.​08.​22277​413.

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

https://doi.org/10.1101/2022.05.23.22275445
https://doi.org/10.1101/2022.05.23.22275445
https://doi.org/10.5271/sjweh.3819
https://doi.org/10.1016/s1473-3099(22)00054-8
https://doi.org/10.1016/j.ypmed.2014.02.003
https://doi.org/10.1038/s41467-020-19478-2
https://doi.org/10.1038/s41591-022-01840-0
https://doi.org/10.1038/s41591-022-01840-0
https://www.fhi.no/en/id/vaccines/coronavirus-immunisation-programme/coronavirus-vaccine/
https://www.fhi.no/en/id/vaccines/coronavirus-immunisation-programme/coronavirus-vaccine/
https://www.fhi.no/en/id/vaccines/coronavirus-immunisation-programme/coronavirus-vaccination-statistic/
https://www.fhi.no/en/id/vaccines/coronavirus-immunisation-programme/coronavirus-vaccination-statistic/
https://www.fhi.no/en/id/vaccines/coronavirus-immunisation-programme/coronavirus-vaccination-statistic/
https://www.fhi.no/contentassets/9d23593d6ebe443ba12556d3f7284eb8/norwegian-ethics-advisory-report-for-corona-vaccination.pdf
https://www.fhi.no/contentassets/9d23593d6ebe443ba12556d3f7284eb8/norwegian-ethics-advisory-report-for-corona-vaccination.pdf
https://www.fhi.no/contentassets/9d23593d6ebe443ba12556d3f7284eb8/norwegian-ethics-advisory-report-for-corona-vaccination.pdf
https://doi.org/10.1038/s41586-021-03739-1
https://doi.org/10.1038/s41586-021-03739-1
https://www.fhi.no/en/id/vaccines/coronavirus-immunisation-programme/who-will-get-coronavirus-vaccine-first/
https://www.fhi.no/en/id/vaccines/coronavirus-immunisation-programme/who-will-get-coronavirus-vaccine-first/
https://www.fhi.no/en/id/vaccines/coronavirus-immunisation-programme/who-will-get-coronavirus-vaccine-first/
https://www.fhi.no/sv/smittsomme-sykdommer/corona/norsk-beredskapsregister-for-covid-19/
https://www.fhi.no/sv/smittsomme-sykdommer/corona/norsk-beredskapsregister-for-covid-19/
https://www.regjeringen.no/en/aktuelt/pcr-test-no-longer-required-for-people-with-three-vaccine-doses/id2898063/
https://www.regjeringen.no/en/aktuelt/pcr-test-no-longer-required-for-people-with-three-vaccine-doses/id2898063/
https://doi.org/10.1002/sim.8533
https://doi.org/10.4045/tidsskr.18.0440
https://www.helsedirektoratet.no/tema/rehabilitering-habilitering-og-individuell-plan/nasjonal-plan-for-rehabilitering-etter-covid-19/malsettinger-med-tiltak-og-begrunnelse/det-er-god-registrering-av-covid-19-rehabilitering-i-helse-og-omsorgstjenestene-pa-begge-tjenestenivaer-som-ledd-i-a-oke-kunnskapen-pa-feltet
https://www.helsedirektoratet.no/tema/rehabilitering-habilitering-og-individuell-plan/nasjonal-plan-for-rehabilitering-etter-covid-19/malsettinger-med-tiltak-og-begrunnelse/det-er-god-registrering-av-covid-19-rehabilitering-i-helse-og-omsorgstjenestene-pa-begge-tjenestenivaer-som-ledd-i-a-oke-kunnskapen-pa-feltet
https://www.helsedirektoratet.no/tema/rehabilitering-habilitering-og-individuell-plan/nasjonal-plan-for-rehabilitering-etter-covid-19/malsettinger-med-tiltak-og-begrunnelse/det-er-god-registrering-av-covid-19-rehabilitering-i-helse-og-omsorgstjenestene-pa-begge-tjenestenivaer-som-ledd-i-a-oke-kunnskapen-pa-feltet
https://www.helsedirektoratet.no/tema/rehabilitering-habilitering-og-individuell-plan/nasjonal-plan-for-rehabilitering-etter-covid-19/malsettinger-med-tiltak-og-begrunnelse/det-er-god-registrering-av-covid-19-rehabilitering-i-helse-og-omsorgstjenestene-pa-begge-tjenestenivaer-som-ledd-i-a-oke-kunnskapen-pa-feltet
https://www.helsedirektoratet.no/tema/rehabilitering-habilitering-og-individuell-plan/nasjonal-plan-for-rehabilitering-etter-covid-19/malsettinger-med-tiltak-og-begrunnelse/det-er-god-registrering-av-covid-19-rehabilitering-i-helse-og-omsorgstjenestene-pa-begge-tjenestenivaer-som-ledd-i-a-oke-kunnskapen-pa-feltet
https://doi.org/10.1038/s41467-022-35240-2
https://doi.org/10.1038/s41467-022-35240-2
https://doi.org/10.1371/journal.pone.0257926
https://doi.org/10.1371/journal.pone.0257926
https://doi.org/10.1056/NEJMoa2201688
https://doi.org/10.1056/NEJMoa2201688
https://doi.org/10.1016/S0140-6736(21)02249-2
https://doi.org/10.1038/s41591-021-01490-8
https://doi.org/10.1056/NEJMoa2101765
https://doi.org/10.37737/ace.22005
https://doi.org/10.37737/ace.22005
https://doi.org/10.1186/s12879-015-1154-y
https://doi.org/10.1056/NEJMoa2110475
https://doi.org/10.1056/NEJMoa2109730
https://doi.org/10.1136/bmj-2021-069676
https://doi.org/10.1136/bmj-2021-069676
https://doi.org/10.1016/j.bbi.2022.04.013
https://doi.org/10.1016/j.bbi.2022.04.013
https://doi.org/10.48550/arXiv.2106.10577
https://doi.org/10.48550/arXiv.2106.10577
https://helserespons.no/web/doku/1615200183_949.pdf
https://helserespons.no/web/doku/1615200183_949.pdf
https://doi.org/10.1101/2022.07.08.22277413

	Third dose mRNA vaccination against SARS-CoV-2 reduces medical complaints seen in primary care: a matched cohort study
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Background
	Methods
	Participants
	Three-dose and control groups
	Construction of matched sample

	Outcome measures
	Statistical analyses

	Results
	Main analyses: effects of vaccination on medical complaints
	Secondary analyses: effects of vaccination on medical complaints related to COVID-19
	Sub-analyses: assessment of altered COVID-19 incidence, COVID-19 hospitalizations, and all-cause mortality

	Discussion
	Comparison to previous studies
	Interpretation and relevance
	Strengths and limitations

	Conclusions
	Anchor 23
	Acknowledgements
	References


