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Background: Cohort studies on vaccine effectiveness 
are prone to confounding bias if the distribution of risk 
factors is unbalanced between vaccinated and unvac-
cinated study subjects. Aim: We aimed to estimate 
influenza vaccine effectiveness in the elderly popula-
tion in Finland by controlling for a sufficient set of con-
founders based on routinely available register data.
Methods: For each of the eight consecutive influenza 
seasons from 2012/13 through 2019/20, we conducted 
a cohort study comparing the hazards of laboratory-
confirmed influenza in vaccinated and unvaccinated 
people aged 65–100 years using individual-level medi-
cal and demographic data. Vaccine effectiveness was 
estimated as 1 minus the hazard ratio adjusted for 
the confounders age, sex, vaccination history, nights 
hospitalised in the past and presence of underlying 
chronic conditions. To assess the adequacy of the 
selected set of confounders, we estimated hazard 
ratios of off-season hospitalisation for acute respira-
tory infection as a negative control outcome. Results: 
Each analysed cohort comprised around 1 million sub-
jects, of whom 37% to 49% were vaccinated. Vaccine 
effectiveness against laboratory-confirmed influenza 
ranged from 16% (95% confidence interval (CI): 12–19) 
to 48% (95% CI: 41–54). More than 80% of the labora-
tory-confirmed cases were hospitalised. The adjusted 
off-season hazard ratio estimates varied between 
1.00 (95% CI: 0.94–1.05) and 1.08 (95% CI: 1.01–1.15), 
indicating that residual confounding was absent or 
negligible. Conclusion: Seasonal influenza vaccina-
tion reduces the hazard of severe influenza disease in 
vaccinated elderly people. Data about age, sex, vac-
cination history and utilisation of hospital care proved 
sufficient to control confounding.

Introduction
In Finland, influenza vaccination for those 65 years and 
older was added to the vaccination programme in 2002 
and is available free of charge in public health centres. 
The Finnish Vaccination Register, established 10 years 
later, records all vaccinations administered in the pro-
gramme since 2009 [1]. The vaccines are selected by 
the Ministry of Social Affairs and Health in open ten-
dering processes. Trivalent inactivated influenza vac-
cine was used until the end of season 2017/18 and 
thereafter replaced by a tetravalent inactivated influ-
enza vaccine.

Assuming that influenza vaccination provides partial 
protection for the vaccinated, an appropriate measure 
of the protective direct effect under real-life conditions 
is influenza vaccine effectiveness (IVE) defined as the 
vaccine-attributable relative reduction in the hazard of 
influenza disease [2,3]. To guide public health meas-
ures as well as individual-level decision-making, IVE in 
elderly people is estimated regularly in Finland using a 
register-based cohort study design [4].

Observational studies estimating IVE are prone to con-
founding caused by an unbalanced distribution of risk 
factors between the vaccinated and unvaccinated. If 
such imbalance is not controlled, IVE may be underes-
timated (confounding by indication) or overestimated 
(healthy vaccinee bias) [5]. This raises the question 
about which factors confound the true association 
between vaccination and influenza disease and how to 
balance them adequately.
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Numerous chronic diseases, e.g. chronic pulmonary 
disease or diabetes mellitus, qualify as potential con-
founders since chronically ill people have a higher risk 
for influenza [6] and choose more often to be vacci-
nated than healthy people [7]. Another potential con-
founder is influenza vaccination history [8]. Firstly, 
the influenza risk of previously vaccinated individu-
als may be affected by a lower risk of infection in the 
past or residual vaccine-induced immunity. Secondly, 
the health-seeking behaviour of those previously vac-
cinated makes them more likely to be vaccinated again. 
Other factors frequently considered in studies of IVE 
in elderly people are age, sex, healthcare utilisation, 
medications, nursing home residency, socioeconomic 
status and smoking status [5,9]. A standard method 
to control for confounding is adjustment for a set of 
covariates.

Here, the objective was to obtain confounder-adjusted 
estimates of IVE in the elderly population in Finland 
based on medical and demographic register data. To 
achieve the objective, we asked whether routinely 
available individual-level data about age, sex, vaccina-
tion history and utilisation of hospital care sufficiently 
capture relevant confounding patterns in the popula-
tion. Using off-season hospitalisation for acute res-
piratory infection (ARI) as a negative control outcome, 
we assessed the residual confounding bias remaining 
after covariate adjustment.

Methods

Data sources
The Population Information System and the Finnish 
Vaccination Register provided demographic and vacci-
nation data, respectively. The Care Register for Health 
Care and the Finnish Infectious Diseases Register pro-
vided diagnostic information and laboratory-confirmed 
data. A detailed description of these data sources and 
linkage can be found elsewhere [4].

Study periods
We assessed the timeline of influenza virus circulation 
in Finland by monthly numbers of influenza-positive 
laboratory tests from August 2012 through May 2020 
and defined October to May as influenza season, June 
as transitional period and July to September as influ-
enza off-season. The study periods were the eight 
influenza seasons 2012/13 to 2019/20 and the seven 
influenza off-seasons 2013 to 2019.

Estimation of vaccine effectiveness
For each season, we conducted a register-based cohort 
study to estimate IVE [4]. The study cohort consisted of 
the population aged 65–100 years (see Supplementary 
Table S1  for the inclusion/exclusion criteria). The 
outcome was laboratory-confirmed influenza, further 
identified as influenza A or B. The exposure was 
seasonal influenza vaccination including pre-seasonal 
vaccinations given in August or September. Three 
time-dependent exposure states were distinguished: 

unvaccinated, vaccinated less than or exactly 14 days 
ago, and vaccinated more than 14 days ago (fully 
vaccinated).

The covariates used as confounders were age (65–69; 
70–74; 75–79; 80–84; 85–100 years), sex, vaccination 
status at the end of the previous season, nights hos-
pitalised in the 5 years before season onset, and pres-
ence of underlying chronic conditions defined based 
on the subject-specific 1-year history of inpatient 
and outpatient hospital visits before season onset 
(see Supplementary Table S2 for the ICD-10 diagnostic 
codes [10]).

Each study subject was considered at risk for the out-
come (influenza of any type, influenza A, or influenza 
B) from season onset until the first of the following 
events: outcome, death or end of study. The IVE was 
quantified as 1 minus the covariate-adjusted hazard 
ratio (HR). Using Cox regression with time since season 
onset as the underlying time scale, we estimated crude 
and covariate-adjusted HR comparing the hazard in the 
fully vaccinated with the hazard in the unvaccinated. 
The validity of the proportional hazards assumption 
was examined visually by plotting nonparametric esti-
mates of HR over time [11].

As a sensitivity analysis, we investigated to what extent 
the outcome’s specificity influenced the IVE estimates. 
To this end, we replaced the highly specific outcome 
of laboratory-confirmed influenza with hospitalisation 
for ARI as a related but unspecific outcome, expecting 
to observe smaller IVE levels than in the main analy-
sis. We defined hospitalisation for ARI as any inpa-
tient hospitalisation or emergency room visit for acute 
upper respiratory infections (ICD-10 diagnostic codes 
J00–J06), pneumonia (J12–J18), other acute lower res-
piratory infections (J20–J22), chronic obstructive pul-
monary disease with acute lower respiratory infection 
(J44.0), cough (R05) or unspecified fever (R50.9). Study 
subjects already hospitalised for ARI at season onset 
were excluded. As hospital data were only available 
until the end of 2019, this sensitivity analysis was lim-
ited to the influenza seasons 2012/13 to 2018/19.

Detection of residual confounding
To detect residual confounding, we measured the asso-
ciation between a negative control outcome and influ-
enza vaccination (see  Supplementary Table S3  for the 
inclusion/exclusion criteria). By definition, a negative 
control outcome must not be affected by the exposure 
but, at the same time, it must be affected by the same 
factors that influence both the actual outcome and 
exposure [12]. Based on this definition, we here chose 
off-season hospitalisation for ARI as the negative con-
trol outcome and conducted a register-based cohort 
study for each influenza off-season. The exposure was 
receipt of at least one influenza vaccination in the pre-
ceding season. The covariates were the same as those 
used to estimate IVE.
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Each study subject was considered at risk for the nega-
tive control outcome from off-season onset until the 
first of the following events: negative control outcome, 
off-season influenza vaccination, death or end of off-
season. When the 95% confidence interval (CI) for the 
crude HR did not include the value of 1, we inferred that 
there was a spurious association between the negative 
control outcome and vaccination, indicating confound-
ing. When the 95% CI for the covariate-adjusted HR 
did include the value of 1, residual confounding was 
deemed unlikely.

To further investigate the adequacy of the selected 
covariates, we defined a large number of alternative 

covariate sets by refining covariate definitions and 
including two-way covariate interactions. The refined 
covariate definitions were (i) age classified into nine 
categories allowing for more gradual changes in frailty, 
vaccine uptake and vaccination history among the 
younger age groups, (ii) influenza vaccinations received 
in the previous three seasons, (iii) nights hospitalised 
in the 3 years or in the year before season onset and 
(iv) presence of underlying chronic conditions based 
on the 3- or 5-year history of hospital visits before the 
season preceding the off-season in question. A total of 
655 covariate sets were used to adjust the HR for con-
founding when comparing the hazards of the negative 
control outcome in the vaccinated and unvaccinated. 

Figure 1
Timeline of influenza virus circulation and seasonal influenza vaccination, Finland, August 2012–May 2020
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The sum of the absolute values of the logarithms of 
the HR from the seven off-seasons was calculated for 
each of the 655 sets. In the absence of confounding, 
the expected value of each sum equals 0. The 655 sets 
were ranked by the sum to identify the sets perform-
ing best across all seven off-seasons (Supplementary 
Figure S1).

All analyses were performed in R 3.6.3 (R Foundation 
for Statistical Computing, Vienna, Austria).

Ethical statement
The study was approved by the institutional review 
board of the Finnish Institute for Health and Welfare 
(THL/607/6.02.00/2016).

Results
Figure 1 shows the timeline of influenza virus circulation 
and vaccination from August 2012 through May 2020. 
Although the epidemics clearly ceased during the 
off-seasons, sporadic respiratory specimens were 
tested influenza-positive even then. In most seasons, 
the vaccination campaign was launched 2–3 months 
before the epidemic peak.

Study cohorts and vaccine uptake
The sizes of the study cohorts varied between 803,653 
(2012/13) and 1,125,913 (2018/19) individuals (Table 
1). Each season, more than 70% of the population 
aged 65–100 years were included (Supplementary 
Table S1). The vaccination coverage varied between 
37% (2012/13) and 49% (2018/19) and was highest 
in the subgroup of previously vaccinated individu-
als (Supplementary Table S4). The median vaccination 
date in this subgroup was 1–6 days earlier than in 
those not vaccinated previously. In addition, vacci-
nated individuals were more likely to be chronically ill 
or hospitalised in the past than unvaccinated individu-
als (Supplementary Table S4). The administered vac-
cine brands are listed in Supplementary Table S5.

Vaccine effectiveness against laboratory-
confirmed influenza
The smallest and highest numbers of influenza cases 
were observed in 2012/13 and 2017/18, respectively 
(Table 1). From 2012/13 through 2017/18, more than 
80% of the laboratory-confirmed cases were hos-
pitalised within 7 days after the influenza-positive 
specimen was sampled (Supplementary Table S6). The 
proportions of hospitalised cases were similar among 
vaccinated and unvaccinated cases.

Visual examination of the time dependency of the 
covariate-adjusted HR supported the proportional 
hazards assumption. After initial fluctuations, the 
HR estimates converged around the epidemic peak 
(Supplementary Figure S2).

IVE against laboratory-confirmed influenza ranged from 
16% (95% CI: 12–19) in 2017/18 to 48% (95% CI: 41–54) 
in 2015/16 (Table 1). The effect of covariate adjustment 
was heterogeneous (Supplementary Table S7). Without 
adjustment, IVE would have been underestimated by 
10 percentage points in 2013/14 and 2014/15 but was 
basically unchanged in 2012/13 and 2015/16.

Figure 2  and  Supplementary Table S8  show the IVE 
estimates stratified by vaccination status at the end 
of the previous season. In the earlier seasons IVE in 
previously vaccinated individuals was lower than IVE 
in individuals who had not been previously vaccinated. 
This trend, however, disappeared or was inverted in 
the more recent seasons.

Figure 3  and  Supplementary Table S9  show the IVE 
estimates by virus type. In all eight seasons, the major-
ity of cases were caused by influenza A. Consequently, 
IVE against influenza A was (i) similar to the overall IVE 
as presented in  Table 1  and (ii) estimated with higher 
precision than IVE against influenza B. In the two 
seasons for which the precision allowed meaningful 

Table 1
Influenza vaccine effectiveness against laboratory-confirmed influenza in people aged 65–100 years, Finland, August 
2012–May 2020

Season Cohort size
Unvaccinated Fully vaccinated Vaccine effectivenessa %

Cases Attack rateb Cases Attack rateb Estimate 95% CI
2012/13 803,653 441 89 185 64 31 15–44
2013/14 830,872 470 97 205 63 45 32–56
2014/15 951,858 1,770 316 1027 276 22 14–29
2015/16 991,932 1,357 242 495 129 48 41–54
2016/17 1,024,822 4,670 856 3,006 672 24 19–28
2017/18 1,069,897 6,650 1,205 5,263 1,053 16 12–19
2018/19 1,125,913 2,690 480 2,088 383 26 20–31
2019/20 1,107,226 1,095 182 679 149 24 15–33

CI: confidence interval.
a Vaccine effectiveness was defined as 1 minus the covariate-adjusted hazard ratio. The covariates were age, sex, one-year vaccination 

history, nights hospitalised in the past 5 years and presence of underlying chronic conditions.
b The attack rate is presented as the cumulative risk at the end of the study period multiplied by 105.
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comparisons of virus type-specific IVE (2014/15 and 
2017/18), vaccination provided stronger protection 
against influenza B than against influenza A.

Vaccine effectiveness against acute respiratory 
infection
The smallest and highest numbers of cases hospital-
ised with ARI were observed in 2013/14 and 2017/18, 
respectively (Table 2). In six of seven seasons consid-
ered in this sensitivity analysis, the attack rate in fully 
vaccinated individuals was higher than the attack rate 
in unvaccinated individuals (Table 2). Covariate adjust-
ment, however, corrected for the unbalanced distri-
bution of risk factors and lowered the HR estimates 
(Supplementary Table S10, Supplementary Figure S3). 
The corresponding IVE estimates ranged from –2% 
(95% CI: –6 to 1) in 2018/19 to 6% (95% CI: 2–10) in 
2013/14 (Table 2).

Residual confounding
The sizes of the study cohorts in the seven off-sea-
son analyses varied between 770,550 individuals in 
2013 and 1,089,843 in 2019 (Table 3,  Supplementary 
Table S11). The attack rates were consistently higher 
in the vaccinated than in the unvaccinated (Table 3). 
Consequently, the crude HR were greater than 1. As 
none of the 95% CI included 1, the crude estimates 
were deemed to be confounded.

Adjustment for the five covariates for which IVE esti-
mation was adjusted lowered the HR estimates and 
resulted in 95% CI that included the value of 1 in all but 
two off-seasons (Table 3). One of the two exceptional 
off-seasons (2013) exhibited the study’s greatest crude 
HR (1.40; 95% CI: 1.33–1.47). The adjusted HR was 
then estimated at 1.08 (95% CI: 1.01–1.15) suggesting 

that most confounding was actually controlled for. 
The hazards in vaccinated and unvaccinated indi-
viduals were proportional throughout all off-seasons 
(Supplementary Figure S4).

In the analysis of the 655 alternative covariate sets, 
18 sets performed slightly better in controlling con-
founding than the set of five covariates used above 
(Supplementary Table S12). This set (rank 19) and the 
best set (rank 1) differed in how age was categorised 
and whether two-way interactions between age or pres-
ence of underlying chronic conditions and vaccination 
in the previous season were included. None of the top 
40 sets contained the covariate ‘influenza vaccinations 
received in the previous three seasons’.

Discussion
Based on individual-level medical and demographic 
data in the routinely available Finnish registers, we 
assessed IVE in elderly people in eight consecutive 
seasons. Because the majority of laboratory-confirmed 
cases required hospitalisation, the estimates pertain to 
a severe and highly specific outcome. In every season, 
vaccination reduced the hazard of severe influenza 
disease in those vaccinated by 16% to 48% but pro-
vided no or minimal protection against the unspecific 
outcome of hospitalisation for ARI. As the vaccinated 
were generally more frail, confounding by indication 
outweighed any healthy vaccinee bias. Residual con-
founding was deemed absent or negligible after covari-
ate adjustment for only five covariates: age, sex, 1-year 
vaccination history, nights hospitalised in the past 5 
years and presence of underlying chronic conditions.

In general, the estimated IVE levels are in line with 
other studies [13-17]. In particular, all these studies 
indicate that IVE in elderly people usually does not 

Figure 2
Influenza vaccine effectiveness against laboratory-
confirmed influenza in people aged 65–100 years, 
stratified by vaccination status at the end of the previous 
season, Finland, August 2012–May 2020

Season 2012/13

Season 2013/14

Season 2014/15

Season 2015/16

Season 2016/17

Season 2017/18

Season 2018/19

Season 2019/20

Vaccine effectiveness, %

-10  0  10 20 30 40 50 60 70 80 90 100

Not vaccinated Vaccinated

Data points: point estimates; lines: 95% confidence interval 
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Figure 3
Influenza vaccine effectiveness against laboratory-
confirmed influenza A and B in people aged 65–100 years, 
Finland, August 2012–May 2020

Season 2012/13

Season 2013/14

Season 2014/15

Season 2015/16

Season 2016/17

Season 2017/18

Season 2018/19

Season 2019/20

Influenza A Influenza B

Vaccine effectiveness, %

-10  0  10 20 30 40 50 60 70 80 90 100

Data points: point estimates; lines: 95% confidence interval 
estimates. The size of each cohort is given in Table 1.



6 www.eurosurveillance.org

exceed 50%. In our study, IVE was highest (45% and 
48%) in 2013/14 and 2015/16, seasons dominated by 
influenza A(H1N1) viruses (see  Supplementary Table 
S13 for the distribution of influenza subtypes/lineages 
in Finland based on sentinel surveillance data). In the 
subsequent seasons 2014/15 and 2016/17, dominated 
by influenza A(H3N2) viruses typically associated with 
lower IVE and increased disease burden [13-15,18], IVE 
was reduced to half the level observed in the respec-
tive preceding season (22% and 24%). In 2017/18, a 
severe season characterised by co-circulation of influ-
enza A(H3N2) and B/Yamagata viruses, IVE was at its 
lowest level (16%). Our results and those of a European 
multi-centre study reveal that the vaccines used in 
2017/18 provided better protection against influenza 
B than against influenza A [16]. Since those vaccines 
did not contain virus of the Yamagata lineage, this sug-
gests some degree of cross-lineage protection.

In contrast to a hospital-based study, which estimated 
the interim 2019/20 IVE in elderly people at a remarka-
bly high value of 60% (95% CI: 39–74) [19], our 2019/20 
estimate of 23% shows that IVE was actually not much 
different from that in previous seasons. We found, 
however, that the estimated HR was fluctuating before 
the epidemic peak, so that also our study would have 
resulted in a higher estimate had we reported interim 
IVE (see Supplementary Figure S2 for the estimated HR 
fluctuations). It remains unclear whether the observed 
decreasing trend was due to waning immunity, to a 
change in circulating strains or simply to the small initial 
number of cases. In general, there was no prominent 
pattern in how the HR behaved over different seasons. 
We thus infer that time since vaccination does not have 
a strong effect on IVE.

Because residual immunity may enhance or mitigate 
the immune response to vaccination, history of influ-
enza vaccination may act as an effect modifier [20]. 
Stratification by previous vaccination status, however, 
revealed no clear trend across seasons, neither in the 
present study nor in another European study [21]. The 

vaccination dates in the two subgroups of previously 
vaccinated and not previously vaccinated were simi-
lar, ruling out the impact of time since vaccination on 
this comparison. As the stratified IVE estimates were 
greater than 0% across all seasons, our analysis dem-
onstrates that both subgroups ultimately benefit from 
seasonal influenza vaccination.

To assess the adequacy of the selected covariates, we 
performed an in-depth analysis of residual confound-
ing using a negative control outcome. As the negative 
control outcome, we chose off-season (i.e. post-sea-
son) hospitalisation for ARI, an unspecific outcome 
similar to laboratory-confirmed influenza in clinical 
picture and severity. While presumably unaffected by 
the exposure (no influenza circulation during off-sea-
sons), this outcome should be affected by the same 
factors that influence both the actual outcome and vac-
cination. However, using such a post-season outcome 
as the negative control bears a risk of underestimating 
the impact of confounding. This is because the imbal-
ance in frailty between the vaccinated and unvacci-
nated may diminish over time owing to the loss of frail 
individuals [22]. Therefore, we also estimated the HR of 
hospitalisation for ARI during the seasons and found 
that the HR was constant over time in most seasons. 
Consequently, it seems unlikely that any time trends 
would have led to underestimation of confounding bias 
in the off-season analyses. To confirm our findings, 
future research may consider additional (in-season and 
off-season) negative control outcomes.

The registers routinely available for Finnish IVE stud-
ies do not contain information on the study subjects’ 
medication, socioeconomic characteristics or life-
style. Nevertheless, relying only on data about age, 
sex, vaccination history and utilisation of hospital 
care, we ascertained a set of factors that satisfactorily 
explained differences in the baseline risks between 
vaccinated and unvaccinated individuals. It therefore 
seems plausible that socioeconomic characteristics 
and lifestyle do not confound IVE estimation. This 

Table 2
Influenza vaccine effectiveness against hospitalisation for acute respiratory infection in people aged 65–100 years, Finland, 
August 2012–May 2020

Season Cohort size
Unvaccinated Fully vaccinated Vaccine effectiveness a %

Cases Attack rateb Cases Attack rateb Estimate 95% CI
2012/13 802,597 13,822 2,439 6,717 2,799 −1 −5 to 2
2013/14 829,885 12,605 2,249 6,675 3,206 6 2 to 10
2014/15 950,866 16,594 2,627 8,818 4,674 4 1 to 7
2015/16 991,056 16,998 2,660 8,800 4,118 2 −1 to 5
2016/17 1,023,992 17,411 2,843 11,282 3,133 0 −3 to 3
2017/18 1,069,160 17,710 2,788 11,716 2,865 3 0 to 6
2018/19 1,125,151 14,584 2,150 9,457 2,057 −2 −6 to 1

CI: confidence interval.
a Vaccine effectiveness was defined as 1 minus the covariate-adjusted hazard ratio. The covariates were age, sex, 1-year vaccination history, 

nights hospitalised in the past 5 years and presence of underlying chronic conditions.
b The attack rate is presented as the cumulative risk at the end of the study period multiplied by 105.
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conjecture is in line with a Danish survey that found 
no association between income, education or current 
smoking and influenza vaccination in elderly people [7]. 
Interestingly, covariate sets that included both ‘nights 
hospitalised in the past’ and ‘presence of underlying 
chronic conditions’ performed better in the control of 
confounding than sets that included none or only one 
of the two (see  Supplementary Table S12). This dem-
onstrates that both factors were needed to address 
confounding by differential healthcare utilisation and 
frailty.

Covariate adjustment is a standard method to control 
for confounding but the number of covariates that can 
be considered in a multivariate analysis is usually lim-
ited by the size of the study. As an alternative method, 
recent IVE studies have therefore used the propensity 
score [23,24]. It summarises the conditional probabil-
ity of vaccination given a large number of covariates 
and enables an automated selection of confounders 
in register-based studies [25]. However, propensity 
score methods are not necessarily superior to covari-
ate adjustment and manual confounder selection 
based on subject matter knowledge [26,27]. We there-
fore chose the latter, simpler approach and minimised 
the number of covariates by defining a binary summary 
measure (presence/absence of any underlying chronic 
condition) instead of considering single conditions as 
confounders. When we found no major indication of 
residual confounding after adjusting for just five covar-
iates, we saw no need to apply alternative methods to 
control for confounding.

If the adjusted HR of a negative control outcome has 
the expected value of 1 in the absence of other sources 
of bias, a study can be deemed free from residual 
confounding. In practice, however, studies are always 
prone to estimation error and residual confounding can 
thus never be ruled out with certainty. Our study is no 
exception. Nevertheless, we chose an explicit rule to 
infer adequate control of confounding when the 95% 
CI included the value of 1. In contrast to other studies 

[25,28] that draw conclusions about the absence/pres-
ence of residual confounding using negative control 
outcomes but do not specify rules for such decisions, 
we here aimed at transparency in our decision-making.

Apart from confounding, information bias may affect 
register-based IVE estimation. We addressed the prob-
lem of exposure measurement error due to missing vac-
cination data by excluding individuals living abroad or 
in municipalities incompletely covered in the Finnish 
Vaccination Register (see Supplementary Tables S1 and 
S3). By contrast, we had no means to control for out-
come measurement error as the registers do not con-
tain data about negative test results. All study subjects 
without a laboratory-confirmed influenza record were 
considered being at risk of severe influenza disease 
until the end of the season, although a mild infection 
could have immunised them without triggering hos-
pitalisation and timely laboratory testing. Assuming 
that vaccination provides partial protection for all vac-
cinated, keeping those unidentified influenza cases in 
the risk set leads, over time, to underestimation of IVE 
[29,30]. However, the fact that our IVE estimates were 
constant in most seasons suggests that this particular 
source of error is negligible. Nevertheless, we cannot 
rule out that vaccination affected the severity of influ-
enza disease and that consequently unvaccinated indi-
viduals were more likely to be hospitalised and tested 
than vaccinated individuals, despite the successful 
control for imbalances in healthcare utilisation.

Conclusion
Although influenza vaccination does not provide per-
fect protection, it undoubtedly reduces the risk of 
severe influenza disease in vaccinated elderly people. 
However, vaccination does not prevent other acute res-
piratory diseases. When estimating IVE in the elderly 
population in Finland using a register-based cohort 
study design, individual-level data about age, sex, 
1-year vaccination history and 5-year hospital care utili-
sation proved sufficient for the control of confounding.

Table 3
Hazard ratios comparing the hazards of off-season hospitalisation for acute respiratory infection in vaccinated and 
unvaccinated people aged 65–100 years, Finland, August 2012–May 2020

Off-season Cohort size
Unvaccinated Vaccinated Crude HR Adjusted HRb

Cases Attack ratea Cases Attack ratea Estimate 95% CI Estimate 95% CI
2013 770,550 3,278 680 2,695 947 1.40 1.33–1.47 1.08 1.01–1.15
2014 799,926 3,405 736 3,112 932 1.27 1.21–1.33 1.00 0.94–1.07
2015 917,978 3,995 737 3,409 917 1.25 1.19–1.30 1.01 0.96–1.07
2016 957,252 4,347 811 ,3634 872 1.08 1.03–1.12 1.00 0.94–1.05
2017 989,040 4,063 793 4,050 857 1.08 1.03–1.13 1.00 0.94–1.05
2018 1,033,957 4,164 779 4,266 862 1.11 1.06–1.16 1.01 0.95–1.06
2019 1,089,843 2,971 547 3,408 628 1.15 1.09–1.21 1.07 1.01–1.14

CI: confidence interval; HR: hazard ratio.
a The attack rate is presented as the cumulative risk at the end of the off-season multiplied by 105.
b The hazard ratio was adjusted for age, sex, 1-year vaccination history, nights hospitalised in the past 5 years and presence of underlying 

chronic conditions.



8 www.eurosurveillance.org

Acknowledgements
The authors thank Jukka Jokinen, Hanna Nohynek and Ritva 
Syrjänen for their contribution to the study design and their 
comments to this manuscript.

Funding: This work was supported by grants 634446 from 
the European Union’s Horizon 2020 research and innova-
tion programme and 777363 from the Innovative Medicines 
Initiative Joint Undertaking.

Conflict of interest
UB is an employee of the Finnish Institute for Health and 
Welfare, which is conducting a Phase III randomised clini-
cal trial of Sanofi Pasteur influenza vaccines among elderly 
people since November 2019. The trial’s sponsor, Sanofi 
Pasteur, was not involved in this work. The other authors re-
port no conflicts of interest.

Authors’ contributions
UB formulated the research question, conducted the data 
analysis and drafted the manuscript. SK and KA directed the 
study’s methodological implementation and helped revise 
the manuscript.

References
1.	 Baum U, Sundman J, Jääskeläinen S, Nohynek H, 

Puumalainen T, Jokinen J. Establishing and maintaining 
the National Vaccination Register in Finland. Euro Surveill. 
2017;22(17):30520.  https://doi.org/10.2807/1560-7917.
ES.2017.22.17.30520  PMID: 28488994 

2.	 Smith PG, Rodrigues LC, Fine PE. Assessment of the protective 
efficacy of vaccines against common diseases using case-
control and cohort studies. Int J Epidemiol. 1984;13(1):87-93.  
https://doi.org/10.1093/ije/13.1.87  PMID: 6698708 

3.	 Halloran ME, Longini IM Jr, Struchiner CJ. Estimability and 
interpretation of vaccine efficacy using frailty mixing models. 
Am J Epidemiol. 1996;144(1):83-97.  https://doi.org/10.1093/
oxfordjournals.aje.a008858  PMID: 8659489 

4.	 Baum U, Auranen K, Kulathinal S, Syrjänen R, Nohynek 
H, Jokinen J. Cohort study design for estimating the 
effectiveness of seasonal influenza vaccines in real 
time based on register data: The Finnish example. 
Scand J Public Health. 2020;48(3):316-22.  https://doi.
org/10.1177/1403494818808635  PMID: 30387371 

5.	 Remschmidt C, Wichmann O, Harder T. Frequency and 
impact of confounding by indication and healthy vaccinee 
bias in observational studies assessing influenza vaccine 
effectiveness: a systematic review. BMC Infect Dis. 
2015;15(1):429.  https://doi.org/10.1186/s12879-015-1154-y  
PMID: 26474974 

6.	 World Health Organization (WHO). Influenza (seasonal). 
Geneva: WHO; 2018. Available from: https://www.who.int/
news-room/fact-sheets/detail/influenza-(seasonal)

7.	 Hellfritzsch M, Thomsen RW, Baggesen LM, Larsen FB, 
Sørensen HT, Christiansen CF. Lifestyle, socioeconomic 
characteristics, and medical history of elderly persons who 
receive seasonal influenza vaccination in a tax-supported 
healthcare system. Vaccine. 2017;35(18):2396-403.  https://
doi.org/10.1016/j.vaccine.2017.03.040  PMID: 28343782 

8.	 Foppa IM, Ferdinands JM, Chung J, Flannery B, Fry AM. 
Vaccination history as a confounder of studies of influenza 
vaccine effectiveness. Vaccine X. 2019;1:100008.  https://doi.
org/10.1016/j.jvacx.2019.100008  PMID: 31384730 

9.	 Han L, Ran J, Mak YW, Suen LK, Lee PH, Peiris JSM, et 
al. Smoking and influenza-associated morbidity and 
mortality: a systematic review and meta-analysis. 
Epidemiology. 2019;30(3):405-17.  https://doi.org/10.1097/
EDE.0000000000000984  PMID: 30789425 

10.	 World Health Organization (WHO). ICD-10: international 
statistical classification of diseases and related health 
problems: tenth revision, 2nd ed. Geneva: WHO; 
‎2004‎. Available from: https://apps.who.int/iris/
handle/10665/4298015

11.	 Kalbfleisch J, Prentice RL. The statistical analysis of failure 
time data. 2nd ed. Hoboken: John Wiley and Sons; 2002.

12.	 Lipsitch M, Tchetgen Tchetgen E, Cohen T. Negative controls: 
a tool for detecting confounding and bias in observational 
studies. Epidemiology. 2010;21(3):383-8.  https://doi.
org/10.1097/EDE.0b013e3181d61eeb  PMID: 20335814 

13.	 Rondy M, El Omeiri N, Thompson MG, Levêque A, Moren A, 
Sullivan SG. Effectiveness of influenza vaccines in preventing 
severe influenza illness among adults: A systematic review 
and meta-analysis of test-negative design case-control 
studies. J Infect. 2017;75(5):381-94.  https://doi.org/10.1016/j.
jinf.2017.09.010  PMID: 28935236 

14.	 Rondy M, Gherasim A, Casado I, Launay O, Rizzo C, Pitigoi 
D, et al. Low 2016/17 season vaccine effectiveness against 
hospitalised influenza A(H3N2) among elderly: awareness 
warranted for 2017/18 season. Euro Surveill. 2017;22(41).  
https://doi.org/10.2807/1560-7917.ES.2017.22.41.17-00645  
PMID: 29043961 

15.	 Örtqvist Å, Brytting M, Leval A, Hergens MP. Impact of 
repeated influenza vaccinations in persons over 65 years 
of age: A large population-based cohort study of severe 
influenza over six consecutive seasons, 2011/12-2016/17. 
Vaccine. 2018;36(37):5556-64.  https://doi.org/10.1016/j.
vaccine.2018.07.052  PMID: 30076104 

16.	 Rose AMC, Kissling E, Gherasim A, Casado I, Bella A, Launay 
O, et al. Vaccine effectiveness against influenza A(H3N2) 
and B among laboratory-confirmed, hospitalised older 
adults, Europe, 2017-18: A season of B lineage mismatched 
to the trivalent vaccine. Influenza Other Respir Viruses. 
2020;14(3):302-10.  https://doi.org/10.1111/irv.12714  PMID: 
32022450 

17.	 Stuurman AL, Bollaerts K, Alexandridou M, Biccler J, 
Díez Domingo J, Nohynek H, et al. Vaccine effectiveness 
against laboratory-confirmed influenza in Europe - 
Results from the DRIVE network during season 2018/19. 
Vaccine. 2020;38(41):6455-63.  https://doi.org/10.1016/j.
vaccine.2020.07.063  PMID: 32778474 

18.	 Centers for Disease Control and Prevention (CDC). Estimates of 
deaths associated with seasonal influenza --- United States, 
1976-2007. MMWR Morb Mortal Wkly Rep. 2010;59(33):1057-
62. PMID: 20798667 

19.	 Rose A, Kissling E, Emborg HD, Larrauri A, McMenamin J, Pozo 
F, et al. Interim 2019/20 influenza vaccine effectiveness: six 
European studies, September 2019 to January 2020. Euro 
Surveill. 2020;25(10):2000153.  https://doi.org/10.2807/1560-
7917.ES.2020.25.10.2000153  PMID: 32183932 

20.	 Belongia EA, Skowronski DM, McLean HQ, Chambers C, 
Sundaram ME, De Serres G. Repeated annual influenza 
vaccination and vaccine effectiveness: review of evidence. 
Expert Rev Vaccines. 2017;16(7):1-14.  https://doi.org/10.1080/
14760584.2017.1334554  PMID: 28562111 

21.	 Valenciano M, Kissling E, Larrauri A, Nunes B, Pitigoi D, 
O’Donnell J, et al. Exploring the effect of previous inactivated 
influenza vaccination on seasonal influenza vaccine 
effectiveness against medically attended influenza: Results of 
the European I-MOVE multicentre test-negative case-control 
study, 2011/2012-2016/2017. Influenza Other Respir Viruses. 
2018;12(5):567-81.  https://doi.org/10.1111/irv.12562  PMID: 
29659149 

22.	 Jackson LA, Jackson ML, Nelson JC, Neuzil KM, Weiss 
NS. Evidence of bias in estimates of influenza vaccine 
effectiveness in seniors. Int J Epidemiol. 2006;35(2):337-44.  
https://doi.org/10.1093/ije/dyi274  PMID: 16368725 

23.	 Zhang HT, McGrath LJ, Ellis AR, Wyss R, Lund JL, Stürmer T. 
Restriction of pharmacoepidemiologic cohorts to initiators 
of medications in unrelated preventive drug classes to 
reduce confounding by frailty in older adults. Am J Epidemiol. 
2019;188(7):1371-82.  https://doi.org/10.1093/aje/kwz083  
PMID: 30927359 

24.	Nation ML, Moss R, Spittal MJ, Kotsimbos T, Kelly PM, Cheng 
AC. Influenza vaccine effectiveness against influenza-related 
mortality in Australian hospitalized patients: a propensity 
score analysis. Clin Infect Dis. 2021;72(1):99-107. PMID: 
31903487 

25.	 Schneeweiss S, Rassen JA, Glynn RJ, Avorn J, Mogun H, 
Brookhart MA. High-dimensional propensity score adjustment 
in studies of treatment effects using health care claims data. 
Epidemiology. 2009;20(4):512-22.  https://doi.org/10.1097/
EDE.0b013e3181a663cc  PMID: 19487948 

26.	 Stürmer T, Joshi M, Glynn RJ, Avorn J, Rothman KJ, Schneeweiss 
S. A review of the application of propensity score methods 
yielded increasing use, advantages in specific settings, but not 
substantially different estimates compared with conventional 
multivariable methods. J Clin Epidemiol. 2006;59(5):437-47.  
https://doi.org/10.1016/j.jclinepi.2005.07.004  PMID: 16632131 

27.	 Elze MC, Gregson J, Baber U, Williamson E, Sartori S, Mehran 
R, et al. Comparison of propensity score methods and 



9www.eurosurveillance.org

covariate adjustment: evaluation in 4 cardiovascular studies. J 
Am Coll Cardiol. 2017;69(3):345-57.  https://doi.org/10.1016/j.
jacc.2016.10.060  PMID: 28104076 

28.	 Jackson ML, Nelson JC, Jackson LA. Why do covariates defined 
by International Classification of Diseases codes fail to 
remove confounding in pharmacoepidemiologic studies among 
seniors? Pharmacoepidemiol Drug Saf. 2011;20(8):858-65.  
https://doi.org/10.1002/pds.2160  PMID: 21671442 

29.	 Tokars JI, Patel MM, Foppa IM, Reed C, Fry AM, Ferdinands JM. 
Waning of measured influenza vaccine effectiveness over time: 
the potential contribution of leaky vaccine effect. Clin Infect 
Dis. 2020;71(10):e633-41.  https://doi.org/10.1093/cid/ciaa340  
PMID: 32227109 

30.	 Baum U, Kulathinal S, Auranen K. Mitigation of biases in 
estimating hazard ratios under non-sensitive and non-specific 
observation of outcomes-applications to influenza vaccine 
effectiveness. Emerg Themes Epidemiol. 2021;18(1):1-10.  
https://doi.org/10.1186/s12982-020-00091-z  PMID: 33446220

License, supplementary material and copyright
This is an open-access article distributed under the terms of 
the Creative Commons Attribution (CC BY 4.0) Licence. You 
may share and adapt the material, but must give appropriate
credit to the source, provide a link to the licence and indicate 
if changes were made. 

Any supplementary material referenced in the article can be 
found in the online version.

This article is copyright of the authors or their affiliated in-
stitutions, 2021.


