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Abstract 

 

Background: Influenza vaccination uptake among target groups is a measure of vaccination 

campaign functioning since these individuals face the highest risk of post-

infection morbidity and mortality 

Aim:  To examine if the uptake of different types of influenza vaccinations differed 

between individuals with medical conditions and those without them during the 

2009/2010 season in Stockholm County. 

Methods:  The used data material was cross-sectional and came from the Stockholm 

Public Health Cohort. Two campaign designs, seasonal versus swine influenza 

campaign, were considered. Because of multiple outcome categories (uptake of 

no, seasonal, swine, or both types of vaccinations) multinomial regression was 

used. Four medical conditions (COPD, diabetes, angina pectoris, and heart failure) 

were studied. Further, socioeconomic patterning of vaccination uptake was 

examined. 

Results:  The results indicate that individuals with medical conditions were significantly 

more likely to obtain all types of vaccinations. Uptake of swine influenza 

vaccination and both types of vaccinations was higher in those with higher 

socioeconomic position. The results point to importance of program design in 

vaccination uptake. 

Conclusions:  Agencies responsible for vaccination programs need strategies to reach certain 

segments of society - those with lower SEP and immigrants – and should 

consider the possible impacts of campaign design, such as co-payment. 
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INTRODUCTION 

 

Even though influenza is often seen as a trivial disease, it remains an important cause of 

annual morbidity and mortality worldwide (Hak et al., 2005; Loerbroks, Stock, Bosch, 

Litaker, & Apfelbacher, 2012). It has been estimated that influenza yearly leads up to 500 000 

death (World Health Organization [WHO], 2014). In Sweden, approximately 1 400 excess 

death can be connected to influenza every year (Tsoumanis, 2010).  

Influenza vaccination reduces the negative impact of the disease and clinical effectiveness 

of the vaccination has been demonstrated by numerous studies (Hak et al., 2005; Jefferson et 

al., 2005; Nichol, 2008; WHO, 2014). Elderly persons, pregnant women and individuals with 

certain medical conditions face the highest risk of medical complications, as well as 

subsequent morbidity and mortality (Rothberg & Haessler, 2010). Therefore, the World 

Health Organization has declared these individuals a primary target groups for influenza 

vaccination (WHO, 2005).  

One possible way to examine the basic functioning of influenza vaccination programs is to 

focus on vaccination uptake among the risk groups (Coupland et al., 2007; Gu & Sood, 2011; 

Kroneman, van Essen, & John Paget, 2006). Low uptake suggests that targeting is not 

working sufficiently and that revisions of the programs, or other approaches, are needed. 

 While individuals of any age with high-risk medical conditions benefit from influenza 

vaccination (Hak et al., 2005), a majority of previous studies focused on elderly individuals 

(65+ years) (Jefferson et al., 2005; Nichol et al., 2003; Nordin, Nelson, Mullooly & Hak, 

2007). Thus, more studies focusing on vaccination in working age individuals with high-risk 

medical conditions are needed.  

According to the theory of intervention generated inequalities, public health programs can 

negatively impact health equity because of differential intervention uptake by social groups 

(Lorenc & Oliver, 2014; White, Adams & Heywood, 2009). However, influenza vaccination 

has been associated with reduction of inequalities in disease burden among social groups in 

Brazil (Antunes, Waldman, Borrell, & Paiva, 2007). Yet other studies show disparities in the 

opposite direction, with vaccination uptake varying according to socioeconomic position, race 

or ethnicity in general population (Endrich, Blank, & Szucs, 2009; Linn, Guralnik, & Patel, 

2010) and even within high risk groups (Egede & Zheng, 2003). This suggests that impact of 

influenza vaccination on health inequalities needs to be explored further.  

To sum up, individuals belonging to a high-risk group have the highest need of influenza 

vaccination. Yet, there is a lack of studies examining vaccination in high-risk individuals of 
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working age. Finally, influenza vaccination can affect health inequalities. This study advances 

the current literature on these topics by examining the functioning of medical conditions 

targeting for uptake of different influenza vaccinations in the adult population (18-64 years) in 

Stockholm County in the 2009/2010 influenza season. The 2009/2010 influenza season 

provides a unique setting for examination of vaccination uptake because there were two 

simultaneous influenza vaccination programs – one for seasonal, and a second for swine 

influenza. Further, this study considers possible health equity impact of the vaccination 

programs and examines socioeconomic patterning of high-risk conditions and vaccination 

uptake. 

 

 

Swedish influenza vaccination in 2009/2010 season 

 During the 2009/2010 influenza season, there were two simultaneous vaccination 

programs – one for seasonal influenza and one for the newly emerged swine influenza. The 

appearance of the new influenza virus strain, the pandemic A(H1N1)pdm09 also called swine 

influenza, led to a mass vaccination campaign. The Swedish nation-wide vaccination 

campaign was set in motion in October 2009 (Mörner et al., 2012). With the aim to vaccinate 

the entire Swedish population above six months of age, the authorities purchased 18 million 

doses of a vaccine, since it was suggested that two doses were needed for full protection 

(National Board of Health and Welfare [NBHW], 2011). In Sweden, the pandemic 

vaccination was offered free of charge for everyone. Even though the vaccines were for the 

entire population, they were first offered to prioritized groups, including those with chronic 

medical conditions (Björkman & Sanner, 2013). 

 The 2009/2010 seasonal influenza vaccination campaign differed from the pandemic mass 

vaccination one. For example, among adults only those belonging to a high-risk group could 

obtain the seasonal vaccination free of charge in the Stockholm County (Vårdguiden, 2013). 

Further, the seasonal vaccination program has been established for a long time, while the 

swine vaccination program was new. 

Each of the influenza viruses circulating in 2009/2010 had their high-risk groups, which 

were overlapping to a certain degree. The new swine influenza affected more strongly 

pregnant women, morbidly obese persons and younger individuals. Thus, the 

recommendations from the National Board of Health and Welfare prioritized these groups for 

swine influenza vaccination, as well as individuals with certain medical conditions (NBHW, 

2009; NBHW, 2011). For the swine influenza, medical conditions that identified someone as 
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belonging to a high-risk group were: chronic lung disease, neuromuscular disorders affecting 

breathing, chronic cardiovascular disorders, liver or kidney disease, unstable diabetes 

mellitus, medicated asthma, and immunodeficiency disorders (Swedish Institute for 

Communicable Disease Control [SICDC], 2013; NBHW, 2009). With regards to seasonal 

influenza vaccination in 2009/2010, the same medical conditions were targeted, but pregnant 

women and obese individuals were not targeted groups (H. Englund, personal 

communication, April 4 2014). However, the current recommendations include pregnant 

women and obese individuals in the high-risk groups, because the 2009 A(H1N1) virus has 

become a seasonal one.   

This study uses four conditions available within the Stockholm Public Health Cohort 

dataset - chronic obstructive pulmonary disease, diabetes, angina pectoris, and heart failure - 

as identifiers of high-risk group membership. 

 

 

Public health interventions and inequalities 

Overall, the aim of any public health intervention is to improve population health. One 

way of achieving this is to assist those most in need. In order to reach those individuals, 

interventions frequently employ targeting. Thus, interventions impact on the targeted 

individuals can be used as an assessment of interventions’ functioning. This approach has 

been used previously in case of influenza vaccination (Coupland et al., 2007; Gu & Sood, 

2011; Kroneman et al., 2006). Since the Swedish influenza programs in 2009/2010 also used 

targeting, similar assessment is possible. 

Impact of interventions on health inequalities has been another aspect of intervention 

functioning suggested for examination (Katikireddi, Higgins, Smith, & Williams, 2013). It 

has been proposed that even interventions, which improve overall population health, might 

not reduce health inequalities and in some instances might even exacerbate them (Lorenc & 

Oliver, 2014; Victora, Vaughan, Barros, Silva & Tomasi, 2000; White et al., 2009). The 

widening of health inequalities may result from differential intervention adoption according to 

socioeconomic status or due to other reasons.  

However, theories describing intervention generated inequalities predominantly focus on 

the role of socioeconomic determinants. It has been put forward that a new intervention is 

frequently adopted more rapidly by individuals with high socioeconomic status, who tend to 

have a better level of health, so subsequently health inequalities increase (Lorenc & Oliver, 

2014; White et al., 2009). Victora et al., sharpened the above hypothesis and suggested that 
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the impact of an intervention on health inequalities may differ according to initial levels of 

morbidity and mortality across socioeconomic classes. Since the levels of morbidity and 

mortality change over time, interventions impact on health inequalities is a dynamic process 

and should be evaluated over time (2000). 

According to the literature, intervention design and implementation may affect program’s 

impact on health inequalities (Lorenc, Petticrew, Welch, & Tugwell, 2013; Lorenc & Oliver, 

2014). For example, research indicates that targeted high-risk group approaches are more 

likely to widen health inequalities than universal population-level approaches (Katikireddi et 

al., 2013; Lorenc & Oliver, 2014).  

Since the design of the Swedish 2009/2010 vaccination campaigns differed, their impact 

on health inequalities might also vary. Thus, it is important to highlight the different 

characteristics of the Swedish vaccination programs. First, the programs differed in targeting. 

The swine influenza vaccination program was a universal intervention but the seasonal 

vaccination was a targeted one. As described above, the level of targeting may affect health 

inequalities. 

Second, the programs varied in use of financial incentives. The swine influenza 

vaccination was offered free of charge for everyone, while the seasonal one was free only for 

those belonging to a high-risk group. It has been proposed that interventions circumventing 

personal choice to a certain degree, such as water fluoridation or financial 

incentives/disincentives have the greatest potential for reducing health inequalities 

(Katikireddi et al., 2013). 

Third, the programs were established to different degrees. Swine influenza vaccination 

was a new program in the 2009/2010 that had to be developed rapidly in response to the 

emergence of a new virus. In contrast, the seasonal influenza vaccination program has been in 

place for longer. As Victora et al., suggested, an intervention’s impact on inequalities is time 

dependent (2000).  

In summary, the swine influenza program had two characteristics (universality and 

financial incentives) that may be working towards reduction of health inequalities. Yet, the 

newness of the program might act in opposite direction. Overall, it seems plausible that the 

two vaccination programs may have had a different impact on health inequalities due to their 

design and implementation. 
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Medical conditions and socioeconomic factors 

 The distribution of ill health is socioeconomically patterned in many societies, with those 

worse off typically having worse health outcomes (WHO, 2008). While many diseases 

display socioeconomic gradients, this review focuses on the four conditions examined in this 

study. With regards to chronic obstructive pulmonary disease (COPD), higher education was 

a protective factor in a study examining disease prevalence in the Swedish context 

(Danielsson, Ólafsdóttir, Benediktsdóttir, Gíslason, & Janson, 2012). Another study also 

reported an association between increased risk of COPD and low educational status and high 

unemployment (Halvorsen, & Martinussen, 2014). Socioeconomic factors were also linked to 

the severity of COPD (Eisner et al., 2011).  

 With regards to heart failure, a systematic literature review proposed that socioeconomic 

deprivation is associated with incidence of the condition. Further, readmission rates and 

poorer survival were more likely in patients with lower socioeconomic position (Hawkins, 

Jhund, McMurray, & Capewell, 2012). A Swedish population-based study explored an 

association between country of birth and risk of hospitalization due to heart failure and 

suggested that there are substantial differences between immigrants from different countries 

and Swedes. These differences were not completely explained by socioeconomic factors 

(Borné, Engström, Essén, Sundquist, & Hedblad, 2011). 

 Also prevalence of angina pectoris has been suggested to increase with increasing 

socioeconomic deprivation and to be more common among males (Murphy et al., 2006). For 

example, results from a follow-up study of 25 000 Swedish men and women suggested that 

socioeconomic deprivation on the individual and contextual level was associated with 

incidence of coronary heart disease, where angina pectoris belongs (Sundquist, Winkleby, 

Ahlen, & Johansson, 2004). With regards to diabetes, results from a meta-analysis of 23 case-

control and cohort studies focused on type 2 diabetes, indicated that low educational level, 

occupational class and income are associated with increased risk of the disease (Agardh, 

Allebeck, Hallqvist, Moradi, & Sidorchuk, 2011).  

 Thus, the literature indicates that socioeconomic patterning is present for all medical 

conditions examined in this study. Further, incidence of all of the studied conditions is likely 

to be higher with increasing age. In summary, socioeconomic factors are likely to affect 

chances of belonging to a high-risk group for influenza vaccination. Further, age, sex and 

other factors, such as country of birth may play a role. 

 While the reviewed studies reported associations between socio-economic deprivation and 

incidence of the studied medical conditions, some employed only a single measure of 
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socioeconomic position (SEP). It has been suggested that health inequalities researchers often 

use different measures of SEP interchangeably. Yet, these measures are likely to tap into 

various dimensions of social disadvantage and address different causal mechanisms (Geyer, 

Hemström, Peter & Vågerö, 2006). Subsequently, this study uses several measures of SEP, 

such as educational level, occupational class and income. According to White et al., 

examinations of interventions and inequalities often conflate socioeconomic deprivation with 

absolute need for services (2009). In order to avoid this inaccuracy, this study also examines 

the need of influenza vaccination by evaluating the association between socioeconomic 

determinants and the studied medical conditions. 

  Several previous studies examined vaccination uptake by adults with targeted medical 

conditions (Coupland et al., 2007; Kroneman et al., 2006; La Torre, Iarocci, Cadeddu, & 

Boccia, 2010; Loerbroks et al., 2012). These studies provide conflicting results. In one study 

there were no significant differences in vaccine uptake by adults with and without targeted 

medical conditions in several European countries (Loerbroks et al., 2012). Yet, another study 

examining uptake of vaccination by targeted and non-targeted individuals suggested that 

vaccination rates were higher in individuals with most of the targeted conditions. 

Nevertheless, for adults with certain conditions, vaccination rates were below those of healthy 

individuals (La Torre et al., 2010). Similar results have been found for Sweden, where those 

with vascular disease had higher vaccination uptake than healthy individuals, but those with 

diabetes did not (Loerbroks et al., 2012). Only one study examined vaccination uptake in 

high-risk individuals with regards to swine influenza (Lu et al., 2013).  

 Subsequently, it is important to focus on vaccination uptake across different targeted 

medical conditions. Therefore, this study also examines vaccination uptake by individuals 

with the four conditions separately in order to advance current knowledge on the topic, 

especially with regards to swine influenza.  
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Influenza uptake and socioeconomic factors 

 Socioeconomic factors do not only affect prevalence of medical conditions, but also 

impact influenza vaccination uptake. A study using longitudinal data for up to seven 

consecutive years from eleven different European countries examined the association between 

socioeconomic factors and vaccination coverage. The authors concluded that factors such as 

household income, educational level, household size and sex may affect vaccination 

decisions, even when age and medical conditions are considered (Endrich et al., 2009). A 

study examining seasonal influenza vaccination rates over a six year period suggested that 

males and individuals from deprived areas had lower vaccination rates. Further, the study 

proposed that vaccination uptake was high for targeted individuals especially for those over 

65 years of age, but that increased focus on vaccination in younger high-risk individuals was 

needed (Coupland et al., 2007). Another study reported that socioeconomic and racial 

differences in vaccination uptake are observable even within the sub-group of high-risk adults 

(Egede & Zheng, 2003).  

 Uptake of the 2009 pandemic A(H1N1) influenza vaccination has also been associated 

with socioeconomic factors. A systematic review of literature, which identified twenty-seven 

studies from twelve countries, concluded that male sex, higher educational status and 

receiving previous seasonal vaccination has been linked to increased vaccination uptake 

(Brien, Kwong & Buckeridge, 2012). With regards to swine influenza vaccination in Sweden, 

higher educational level, and higher age was positively associated with intent to vaccinate 

(Ghersetti & Odén, 2011; Rönnerstrand, 2013). An immigration status has also been 

suggested as a factor in vaccination uptake during the A(H1N1) vaccination in Sweden, 

because the evaluation suggested that the mass campaign communication was less likely to 

reach immigrants (NBHW, 2011). Further, a study of impact of A(H1N1) on socially 

disadvantaged populations hints at lower vaccination rate, higher susceptibility to swine 

influenza, or both, in ethnic minorities (Tricco, Lillie, Soobiah, Perrier & Straus, 2012).   

 In summary, the literature suggests that uptake of both seasonal and swine influenza 

vaccination is associated with socioeconomic determinants, as well as sex, age and possibly 

immigration status. Thus, similar factors as those affecting prevalence of studied medical 

conditions influence vaccination uptake. Therefore, these factors are likely to be confounders 

of the main association, because they are associated to both the exposure and the outcome.  
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Summary of aim and study model 

The hypothesized associations between socioeconomic factors, immigration status, age, 

sex, medical conditions and vaccination uptake are summarized in Figure 1. All of the 

associations are examined in the context of Stockholm County, using cross-sectional data 

originating from the Stockholm Public Health Cohort (Svensson et al., 2013).  

The overall aim of this study is to gauge if medical conditions targeting for uptake of 

different influenza vaccinations functioned for adult population (18-64 years) in Stockholm 

County in the 2009/2010 influenza season. Thus, the main question this study examines is if 

the uptake of different types of influenza vaccinations differed between individuals with 

medical conditions and those without them. The study also examined if the main association 

is confounded by age, sex and socioeconomic factors, and whether the patterns vary across 

different vaccination outcomes (uptake of no, seasonal, swine, or both vaccinations) and 

across different medical conditions. 

 

 

Figure 1. Theoretical model of the associations examined in this study 
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METHODS 

Data material 

The data used in this study are cross-sectional survey data from the Stockholm Public 

Health Cohort (SPHC). The SPHC survey was created in order to provide information on 

determinants and consequences of diseases in Stockholm County. The survey took place in 

2002, 2006-2007 and 2010, with follow-up of those who have responded to earlier 

questionnaires, and a new cross-sectional sample, in each wave. Together the three sub-

cohorts, in other words participants from the three surveys, constitute the SPHC. At each 

baseline, the cohort consisted of area-stratified random sample of adult population of 

Stockholm County aged 18-84 years (2002 and 2006 sub-cohorts) and 18+ years (2010 sub-

cohort) (Svensson et al., 2013). This study uses observations from all sub-cohorts, but only 

the 2010 questionnaire is used. This is because the 2010 questionnaire was the first one 

collecting information regarding influenza vaccination uptake.  

The response rates for the SPHC were 62, 61 and 56 % for the new samples in 2002, 2006 

and 2010, respectively. The 2002 and 2006 sub-cohorts experienced attrition due to follow-

up. For the 2002 sub-cohort the follow-up response rate was 76 % in 2007 and 81 % in 2010. 

For the 2006 sub-cohort the follow-up response rate was 73 % in 2010. Overall, the 

demographic composition of SPHC participants slightly differs from the population of 

Stockholm County. In comparison to census data, the SPHC population is more likely to be 

female, aged 45+ years, to have Sweden as a country of birth and to have higher education 

and income. A more detailed description of the study population characteristics, the survey 

design and inter-connected registers is available (Svensson et al., 2013).  

The SPHC dataset combines self-reported health data with information from healthcare 

and administrative registers. This study uses information from both self-reports (exposure, 

outcome variables) and registers (socioeconomic position factors, sex). Income and 

educational level variables were obtained from Integrated Database for Labour Market 

Research (Longitudinell Intergrationsdatabas för Sjukförsäkrings- och Arbetsmarknadsstudier 

[LISA]) (Statistics Sweden, 2011). The information regarding country of birth was obtained 

from the Total Population Register (Registret över totalbefolkningen), maintained by 

Statistics Sweden (Statistics Sweden, 2010). 
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Data preparation 

The original data set included 74 351 observations. However, the analysis was restricted 

to working age individuals based on age cut off of 65 years (n=52 600). Further, a total of 

1959 (3.7%) individuals was missing information on calibration weights. Moving out of the 

sampling frame area (Stockholm County) prior to the survey is the main reason for the 

missing calibration weights (P. Fredlund, personal communication, February 25, 2014). Those 

observations were also excluded. Further, observations with missing response regarding 

influenza vaccination (n=338), educational level (n=461) and missing disposable income or 

disposable income of zero or lower (n=158) were also excluded. These restrictions resulted in 

an effective sample size of 49 684 individuals. Overall, 5.4% of the sample restricted on age 

had missing information on one of the variables used in the analysis.  

 

 

Variables 

 

Outcome variable 

The outcome variable, influenza vaccination uptake, was measured by a question: “Have 

you been vaccinated against influenza in the last 12 months?” with answer options: a) yes, 

against seasonal influenza b) yes, against swine influenza, c) yes, against both and d) no. 

Since options a) and b) cannot be ranked in relation to each other, the outcome variable was 

nominal.  

 

Exposure variable 

The studied exposure was the presence of medical conditions that are grounds for 

belonging to a risk group that should receive influenza vaccination. Four medical conditions 

(COPD, diabetes, angina pectoris, and heart failure) that are grounds for targeting were 

available in the study dataset. The information regarding the medical conditions was obtained 

from self-reported answers to the SPHC survey question: “Have you received some of the 

following diagnoses from a doctor?” with yes/no answer options for each diagnosis 

separately. If a respondent reported at least one of the medical conditions, they were coded as 

a target. 
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Co-variates 

Covariate variables, i.e. diverse measures of SEP, country of birth, age and sex, were used 

in the analysis. For several variables (educational level, country of birth, occupational class 

and age) the original variable’s categories were collapsed. The collapsing was guided by 

patterns observed in analyses performed on the expanded categories. Only categories that 

were not significantly different from each other were merged.  

 

 

Educational level 

Information regarding educational level has been obtained from the interconnection of 

Stockholm Public Health Cohort with the LISA register. Originally, the variable had seven 

sub-categories. A new variable was created for the purposes of this study with the following 

maximum levels of achieved education: a) compulsory b) upper secondary c) bachelor d) 

master studies or higher. 

 

 

Income quintile 

Information regarding income also comes from the LISA register. Income quintiles were 

created using individual disposable income. The individual disposable income is derived from 

sum of family member’s disposable incomes and adjusted for individual consumption weight. 

This measure of income is a comprehensive measure because it includes all earnings, income 

from self-employment for both spouses, all cash benefits received by the family, and tax 

deductions (Kosidou et al., 2011). 

 

 

Occupational class 

Information regarding occupational class was derived from participant’s self-reported 

answers regarding their main occupation and job duties (“What is/was your job or work 

duties”). Six categories (unskilled workers, skilled workers, lower non-manual employees, 

intermediate non-manual employees, higher non-manual employees and self-employed) 

created according to the Swedish occupational class classification, developed by Statistics 

Sweden (Kosidou et al., 2011), were already available in the dataset. For the purposes of this 

study, categories of unskilled workers and skilled workers were collapsed into a single 

category. There was a substantial proportion of participants with unclassified status (n=3493). 

This category represents 7 % of the effective study sample. Subsequently, individuals with 

unclassified occupational class were included in the analysis as a separate category. 
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Country of birth 

Country of birth was included as a possible confounder of the examined associations. The 

original categorization included nine categories (Sweden, other Nordic, other European, 

African, Asian, North American, South American, Oceanian and other countries). In this 

study, the latter six categories were collapsed, leaving four categories: Sweden, other Nordic 

countries, other European countries, and the rest of the world. 

 

 

Age 

In the original data set, age was included as a continuous variable in years. In order to 

decide on an appropriate form for the age variable in the multinomial logistic models, the 

association between age and each outcome category separately (seasonal/A(H1N1)/both 

vaccinations) was examined. One year and two year dummy variables were created and the 

proportion of individuals who vaccinated against each type of influenza within the dummy 

intervals (one or two years) was plotted (Appendix Fig.I: A-C). There seemed to be no 

obvious pattern between age and uptake of seasonal influenza vaccination. Receiving swine 

influenza vaccination seemed to have a complex relationship with age, with several peaks and 

valleys. Uptake of both types of vaccination hinted at a linear positive association with age. 

Subsequently, categories capturing the complex pattern for uptake of swine vaccination were 

created and tested. The categories capture peaks and valleys in the proportion of vaccinated 

individuals against swine influenza visible in the age intervals and subsequently vary in size. 

The five categories created were: 18-19, 20-29, 30-45, 46-53 and 54-64 years of age.  

While these five categories capture the relationship between age and uptake of swine 

influenza vaccination, the final models include other variables that are associated with age, 

such as the SEP factors and medical conditions. Therefore, sensitivity analysis was carried out 

in order to compare the five age categories with other possible age categorizations. In order to 

allow for as much variation as possible, the 47 one-year age categories were used in the 

sensitivity analysis. Further, inclusion of age as a continuous variable, twelve year interval 

categories, and the five categories capturing the complex relationship with uptake of swine 

influenza, was tested. The different categorizations of age were tested in both multinomial and 

logistic models. Overall, the estimates did not change in magnitude or significance, when 

different categorizations of age were used. Therefore, the five categories capturing the 

complex association between age and swine influenza were included in the final analysis. 

This allows for a simpler model and interpretation of estimates for individual age categories. 
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Statistical analyses 

Several analyses were performed in order to study the proposed model (Figure 1). First, 

the main association of interest between medical conditions targeting and influenza 

vaccination uptake was examined. Since the outcome variable is nominal, the main method of 

analysis was a multinomial logistic regression. Multinomial regression requires a selection of 

a reference category in both independent and dependent variable. For independent variable 

those without the targeted medical conditions were selected as a reference. For dependent 

variable those who did not vaccinate against either of the influenzas were selected as a 

reference category in all analyses. Thus, the multinomial regression performed allowed for 

comparison between those who did not vaccinate compared to those who vaccinated against 

seasonal influenza, those who did not vaccinate compared to those who vaccinated against the 

A(H1N1) influenza and finally those who did not vaccinate compared to those who 

vaccinated against both influenzas.  

Second, the associations between presence of medical conditions, age, sex, SEP factors, 

and country of birth were analyzed. Targeting based on medical conditions was a binary 

variable, thus logistic regression was used to examine these associations. Individual logistic 

regressions between each independent variable (SEP factors, country of birth, age and sex) 

and the outcome were performed first. Those who were theoretically most likely to have one 

of the targeted medical conditions were selected as a reference category for each independent 

variable. The only exception was age were models using the largest (middle age category 30-

45 years) are presented. After individual logistic regressions were performed, a final mutually 

adjusted model was fitted in order to determine if all variables were independently associated 

with the presence of medical conditions that were grounds for targeting. Same reference 

categories were kept as in the original logistic regressions. 

Third, the association between influenza vaccination uptake and SEP factors, country of 

birth, age, and sex, was examined using multinomial regression. Individual crude models for 

each independent variable were fitted in a first step. In a second step, multiple multinomial 

regression was performed. It has been suggested that the reference categories in multinomial 

regression should be chosen in a way that provides the most meaningful comparison and that 

is easy to interpret (Hosmer, Lemeshow, & Sturdivant, 2013). Subsequently, all reference 

categories for the multinomial model were those who were most likely to have one of the 

medical conditions for targeting. Overall, the same reference categories were kept in all 

multinomial regressions. 
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Fourth, models examining the main association of interest between medical conditions 

targeting and influenza vaccination uptake were fitted again, adjusting for the sex, age, SEP 

factors and country of birth. These models have been obtained using multiple multinomial 

logistic regressions. Model adjusting for sex only was fitted first, followed by a model 

adjusting for sex and age. The final model included all studied variables at the same time. 

Fifth, the multiple multinomial logistic regression models examining the main association 

of interest between medical conditions targeting and influenza vaccination uptake were fitted 

again for each individual medical condition. As before, the first model adjusted for sex only, 

second for age and sex, and final model included age, sex and all SEP factors. 

All analyses were carried out using a statistical software SAS, version 9.3. For all 

regressions, survey version of the appropriate command was used. The survey procedures 

have been developed specifically for analysis of data with survey design. This is necessary 

because normal SAS procedures assume a simple random sample, which might result into 

underestimation of variances when the data has been collected in more complex manner 

(Berglund, 2002). The SPHC used area-stratified random sampling, with Stockholm 

municipalities and urban districts as the stratifying units (Svensson et al., 2013). 

Subsequently, the 39 municipalities and urban districts in Stockholm County were identified 

as the strata units within the survey procedures. Calibration weights were used in all models. 

A p-value of 0.05 was used as a threshold of statistical significance in all analyses. 

While examining model fit and diagnostic statistics is an essential step in any analysis, 

tools for this are limited with regards to multinomial logistic regression (Hosmer et al., 2013). 

One possible solution is to treat the multinomial logistic regression model as a set of 

independent logistic regression models and perform diagnostics of those logistic models 

(Goeman, & le Cessie, 2006; Hosmer et al., 2013). In this study, this approached was applied 

to the final models and the results suggested a satisfactory model fit. 

Attrition due to follow up, for 2002 and 2006 sub-cohorts, and internal non-response, for 

2010 sub-cohort, were examined. For the 2002 sub-cohort, women, Swedish born individuals, 

those with higher income and higher occupational class were more likely to respond to 2010 

questionnaire. For 2006 similar results were found, with the exception of sex where no 

differences were present. Overall, the effective sample included more Swedish born 

individuals, those with higher income quintile and higher occupational class. No differences 

were detected with regards to educational level. 
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Ethical considerations 

The dataset used in this study contained sensitive personal information, such as presence 

of medical conditions, demographic and socioeconomic data. Personal identifiers, such as the 

unique individual personal number, were removed prior to the delivery to the Centre for 

Epidemiology and Community Medicine. During the analysis, caution was applied in order to 

secure respondents confidentiality. The original constitution of the cohort as a mix of 

questionnaire and register data was approved by the Stockholm Regional Ethical Review 

Board (Dnr 2010/1879_31/5; Dnr 2007/545_31) (Svensson et al., 2013). 
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RESULTS 

Descriptive statistics 

The characteristics of the effective study sample are presented in Table 1. In the effective 

sample, there were more women than men, nearly half of the participants attended university, 

and nearly half of the sample had relatively high occupational class (intermediate or higher 

non-manual). A majority of the respondents were born in Sweden. With regards to the studied 

outcome, influenza vaccination uptake, a small percentage of the respondents vaccinated only 

against the seasonal influenza. 

 
Table 1. Distribution of all variables used in the analysis of influenza vaccination  (n=49 684) 
Variable n (%)  Variable n (%) 

Flu vaccination    Occupational class   

      Seasonal flu 755 1.5       Unskilled and skilled manual 11 977 24.1 

      Swine flu 23 998 48.3       Lower non-manual 6 748 13.6 

      Both 2 702 5.5       Intermediate non-manual 12 786 25.7 

      None 22 229 44.7       Higher non-manual 10 398 20.9 

Medical Conditions (MC)         Self-employed 4 282 8.6 

      COPD 499 1.0       Unclassified 3493 7.0 

      Diabetes 1 724 3.5  Age Categories   

      Angina Pectoris 754 1.5       18-19 851 1.7 

      Heart Failure 415 0.8       20-29 5 141 10.4 

Overall Med. Cond. Targets         30-45 18 347 36.9 

      Yes 2 832 5.7       46-53 10 386 20.9 

      No 46 852 94.3       54-64 14 959 30.1 

Sex    Sub-Cohort    

      Male 21 322 42.9       2002 11 685 23.5 

      Female 28 362 57.1       2006 16 028 32.3 

Educational level         2010 21 971 44.2 

      Compulsory ed. 5 750 11.6     
      Upper secondary ed. 20 078 40.4  Variable Mean* SD 

      Bachelor ed. 8 809 17.7  Income Quintile    

      Master or higher ed.  15 047 30.3       1 (lowest) 856 256 

Country of Birth         2 1 386 134 

      Sweden 41 339 83.2       3 1 889 156 

      Other Nordic countries 2 189 4.4       4 2 506 212 

      Other European count. 2 383 4.8       5 4 631 5 972 

      Rest of the world 3 773 7.6  *values are presented in hundreds of Swedish crowns 

 

 The proportion of individuals obtaining vaccine against swine influenza (both and swine 

influenza categories) was 53.8 %. Nearly half of the respondents reported that they did not 

receive any vaccination in 2009/2010 influenza season. With regards to the main studied 

exposure, nearly six percent of the study sample had at least one of the examined medical 

conditions. The most common condition was diabetes, followed by angina pectoris. 
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Vaccination uptake in targeted and non-targeted individuals 

The main studied association, vaccination uptake by individuals with and without the 

medical conditions, was examined using multinomial logistic regression, with “no 

vaccination” as a reference outcome category. The interpretations of the results, presented in 

Table 2, invoke the reference category in the outcome and in the exposure variables, even if 

they are not explicitly specified.  

 

Table 2. Results of multinomial regression examining association between medical conditions targeting and 

vaccination uptake, sex-adjusted model, reference category in outcome “no influenza vaccination” 

Vaccination uptake (n=49 648) 
 None  Seasonal influenza A(H1N1) Both 

Model variables RRR RRR 95% CI RRR 95% CI RRR 95% CI 

Medical Conditions Targets        

     No 1.00 Ref.  Ref.  Ref.  

     Yes 1.00 2.18* (1.58-3.02) 1.29* (1.15-1.45) 3.23* (2.73-3.82) 

Sex        

    Male 1.00 Ref.  Ref.  Ref.  

    Female 1.00 0.96 (0.79-1.17) 1.43* (1.35-1.50) 1.07 (0.95-1.19) 

* denotes a statistically significant estimate at least p<0.05 

 

 

The results suggest that those who had one of the medical conditions were more likely to 

vaccinate against both types of influenza (RRR=3.23). Similarly, targeted respondents were 

more likely to vaccinate against seasonal influenza than non-targeted ones. Also the RRR for 

A(H1N1) influenza points to a similar result. In summary, the results of the sex-adjusted 

model indicate that there are differences in vaccination uptake between individuals with and 

without the studied medical conditions across all three types of the outcome.  

With regards to sex differences, the results suggest that females were more likely to 

vaccinate against swine influenza than males. However, no significant differences between 

males and females were detected with regards to uptake of seasonal and both types of 

influenza vaccinations. 

  

 

Socioeconomic factors and presence of medical conditions 

 The associations between presence of medical conditions and SEP factors, country of 

birth, age and sex were analyzed using logistic regression. The results (Appendix: Table I) 

indicate that presence of the studied medical conditions is socio-economically patterned. 

Educational level, occupational class, income quintile and country of birth were associated 

with presence of the targeted medical conditions in both, crude and mutually adjusted model. 
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Subsequently, the results indicate that all of the factors are independently associated with the 

presence of medical conditions, which were grounds for belonging to an influenza vaccination 

risk group.  

Educational level showed a gradient-like pattern in both the crude and mutually adjusted 

model. This suggests that with increasing educational attainment the odds of having the 

medical conditions decreased. All estimates were statistically significant. Also with increasing 

income the odds of having medical conditions decreased. With regards to country of birth, a 

gradient-like pattern appeared in the mutually adjusted model, with Swedish born individuals 

having the lowest odds of being medical targets, followed by participants born in other Nordic 

countries, participants of European origin, and last those born in non-European countries.  

With regards to occupational class, in the crude model a similar pattern as for the other 

SEP factors was observed, in summary with higher occupational class the odds of having 

studied medical conditions decreased. However, in the mutually adjusted model, only the 

higher non-manual workers and self-employed had significantly lower odds of having one of 

the medical conditions than manual workers. Respondents with unclassified occupational 

class were the only category in the mutually adjusted model that had significantly higher odds 

of having the studied medical conditions, compared to the reference category of unskilled and 

skilled manual workers. 

 Age was strongly associated with the presence of medical conditions. With increasing 

age, the odds of having one of the studied conditions increased. For example, in the mutually 

adjusted model, the oldest age category (54-64 years of age) had an OR of 8.34 when 

compared to the reference category (30-45 years of age), while the second oldest category had 

OR of 3.26. Sex differences were also present, indicating that that women (OR=0.63) were 

less likely to be medical targets. 

 

 

Socioeconomic factors and vaccination uptake 

This study also examined the associations between vaccination uptake and SEP factors, 

country of birth, age, and sex using multinomial logistic regression. Crude models examining 

association between each factor and vaccination uptake were examined first, followed by a 

mutually adjusted model. Both models showed similar patterns and all individual variables 

were significant in the models. Thus only interpretations for the mutually adjusted model are 

presented below. As before, all interpretations of the relative risk ratios invoke the reference 

category in the outcome (no vaccination) and in the exposure variables, even if they are not 
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explicitly specified. The results, and all reference categories, are summarized in Table II in 

the Appendix. 

The uptake of vaccination against swine influenza and both types of influenzas was 

socioeconomically patterned. With regards to education, all estimates for swine influenza 

were significant indicating that with increasing level of education it was more likely to be 

vaccinated. However, for uptake of both influenza vaccinations, only those with at least a 

masters degree had a higher likelihood of vaccinating, compared to respondents with 

compulsory education only. 

With regards to income quintiles, a positive relationship could be observed. In other 

words, with increasing income obtaining vaccination against swine or both types of influenza 

was significantly more likely. Further, those with higher occupational class were significantly 

more likely to vaccinate against swine or both influenzas than unskilled and skilled manual 

workers. The exceptions were self-employed respondents and those with unclassified 

occupational class. In case of swine influenza, self-employed respondents were significantly 

less likely to be vaccinated (RRR=0.80) compared to the reference category. With regards to 

uptake of both vaccinations, no significant differences between the two categories and the 

reference category were detected.  

For uptake of vaccination against swine and both types of influenzas, being born in 

Sweden or other Nordic country was associated with significantly higher chance of being 

vaccinated compared the reference category. Individuals born in other European countries 

were significantly less likely to vaccinate against swine influenza than respondents born in 

non-European countries.  

In contrast to socioeconomic patterning of vaccinating against swine or both types of 

influenzas, there seemed to be no significant socio-economic differences in vaccination 

uptake of seasonal influenza with respect to educational level, income quintile and sex. Only 

country of birth showed a clear pattern in uptake of seasonal influenza vaccination. All 

categories (Sweden, Nordic or European countries of birth) were significantly less likely to 

vaccinate against seasonal influenza when compared to the reference category of those born in 

other parts of the world. 

In summary, the results indicate that the uptake of swine influenza or both types of 

influenza vaccinations is socioeconomically patterned, where individuals with higher SEP are 

more likely to vaccinate. However, the uptake of seasonal influenza vaccination did not 

demonstrate similar socioeconomic patterning.  
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Medical conditions targeting, SEP factors and vaccination uptake 

In a final part of the analysis, models examining the main association of interest between 

medical conditions targeting and influenza vaccination uptake were fitted again, adjusting for 

sex, age and SEP factors in two steps. As before, all of the results descriptions invoke a 

reference category in the outcome (no vaccination) and in the exposure variables, even if this 

is not explicitly specified.  

 In the first step only age as a categorical variable was added to the model. As the results 

in Table 3 show, medical conditions targeting remained a significant factor for uptake of all 

types of vaccinations after age and sex adjustment. The results also indicated that two age 

categories (18-19 and 20-45) had significantly higher likelihood of vaccinating against the 

A(H1N1) influenza than the oldest age category. These results are adjusted for presence of 

medical conditions and sex. The youngest age group had the highest RRR estimate (1.56) 

suggesting that young respondents were most likely to obtain swine influenza than the 

reference category. With regards to both influenzas, all age categories were significantly less 

likely to vaccinate compared to the oldest age category.  

 

Table 3. Results of multinomial regression examining association between medical conditions targeting and 

vaccination uptake, age and sex adjusted model, reference category in outcome “no influenza vaccination” 
Vaccination uptake (n=49 648) 

 None  Seasonal influenza A(H1N1) Both 

Model Variables RRR RRR 95% CI RRR 95% CI RRR 95% CI 

Med. Conditions Targets        

     No 1.00 Ref.  Ref.  Ref.  

     Yes 1.00 1.88* (1.35-2.63) 1.31* (1.17-1.47) 2.22* (1.87-2.62) 

Age Categories         

    18-19 1.00 1.35 (0.70-2.61) 1.56* (1.32-1.84) 0.21* (0.11-0.40) 

    20-29 1.00 0.48* (0.32-0.71) 0.78* (0.71-0.86) 0.27* (0.20-0.36) 

    30-45 1.00 0.87 (0.69-1.09) 1.20* (1.13-1.27) 0.53* (0.47-0.59) 

    46-53 1.00 0.92 (0.71-1.19) 0.93* (0.87-0.99) 0.57* (0.50-0.60) 

    54-64 1.00 Ref.  Ref.  Ref.  

Sex        

    Male 1.00 Ref.  Ref.  Ref.  

    Female 1.00 0.96 (0.79-1.17) 1.43* (1.36-1.51) 1.06 (0.95-1.19) 

* denotes a statistically significant estimate at least p<0.05 

 

 

The results from the second step, a mutually adjusted model including medical conditions 

targeting, age, sex, country of birth and all SEP factors, are presented in Table 4. All 

individual variables remained statistically significant in the mutually adjusted model, 

indicating that they are independently associated with vaccination uptake. The association of 

most of the factors with vaccination uptake has not substantially changed from a model 

without medical conditions targeting discussed above and presented in Table II.  Yet, with 
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respect to sex, according to the final model mutually adjusting for all factors, women were 

significantly more likely to vaccinate against both types of influenza than men. The final 

model for swine influenza also indicated higher vaccination uptake among women than men.  

 
Table 4. Results of multinomial regression examining associations between medical conditions targeting and 

vaccination uptake, SEP factors, age and sex (mutually adjusted model), reference category in outcome “no 

influenza vaccination” 

 Vaccination uptake (n=49 684) 

 None  Seasonal influenza A(H1N1) Both 

Model Variables RRR RRR 95% CI RRR 95% CI RRR 95% CI 

Medical Conditions targeting         

     No 1.00 Ref.  Ref.  Ref.  

     Yes 1.00 1.73* (1.23-2.44) 1.62* (1.44-1.82) 2.96* (2.49-3.52) 

Educational level        

     Compulsory ed. 1.00 Ref.  Ref.  Ref.  

     Upper secondary ed. 1.00 0.88 (0.66-1.17) 1.28* (1.17-1.41) 0.99 (0.81-1.19) 

     Bachelor ed. 1.00 0.91 (0.64-1.31) 1.43* (1.28-1.60) 1.14 (0.91-1.43) 

    Master or higher ed.  1.00 1.11 (0.77-1.60) 1.97* (1.77-2.19) 1.65* (1.33-2.04) 

Occupational class        

     Unskilled and skilled manual 1.00 Ref.  Ref.  Ref.  

     Lower non-manual 1.00 1.45* (1.07-1.98) 1.22* (1.12-1.34) 1.42* (1.17-1.72) 

     Intermediate non-manual 1.00 1.16 (0.84-1.58) 1.44* (1.32-1.56) 1.58* (1.31-1.90) 

     Higher non-manual 1.00 1.54* (1.06-2.24) 1.54* (1.40-1.70) 2.19* (1.78-2.69) 

     Self-employed 1.00 1.00 (0.64-1.56) 0.81* (0.73-0.89) 0.91 (0.72-1.15) 

     Unclassified 1.00 1.32 (0.92-1.90) 1.01 (0.90-1.13) 0.87 (0.65-1.16) 

Income Quintiles        

     1 (lowest) 1.00 Ref.  Ref.  Ref.  

     2 1.00 1.16 (0.85-1.60) 1.22* (1.12-1.33) 1.36* (1.10-1.67) 

     3 1.00 1.14 (0.86-1.51) 1.25* (1.15-1.36) 1.41* (1.14-1.74) 

     4 1.00 1.18 (0.87-1.60) 1.25* (1.15-1.37) 1.57* (1.27-1.95) 

     5 1.00 1.33 (0.97-1.82) 1.36* (1.25-1.49) 1.80* (1.46-2.22) 

Country of Birth        

     Sweden 1.00 0.41* (0.32-0.53) 1.41* (1.29-1.55) 1.72* (1.37-2.16) 

     Rest of Scandinavia 1.00 0.26* (0.15-0.47) 1.39* (1.20-1.60) 1.44* (1.05-1.96) 

     Rest of Europe 1.00 0.44* (0.30-0.65) 0.77* (0.67-0.89) 1.16 (0.83-1.61) 

     Rest of the world 1.00 Ref.  Ref.  Ref.  

Age Categories        

     18-19 1.00 1.45 (0.70-3.01) 2.65* (2.19-3.21) 0.40* (0.20-0.81) 

     20-29 1.00 0.50* (0.33-0.76) 0.80* (0.72-0.88) 0.31* (0.23-0.41) 

     30-45 1.00 0.79* (0.62-0.99) 1.09* (1.03-1.16) 0.49* (0.43-0.55) 

     46-53 1.00 0.84 (0.65-1.08) 0.95 (0.88-1.02) 0.60* (0.52-0.70) 

     54-64 1.00 Ref.  Ref.  Ref.  

Sex        

     Male 1.00 Ref.  Ref.  Ref.  

     Female 1.00 0.98 (0.80-1.19) 1.45* (1.37-1.53) 1.34* (1.01-1.28) 

* denotes a statistically significant estimate at least p<0.05 

 

Further, there were few changes in the association with age when comparing the results 

from multinomial regression, presented in Table 3, with the result of the mutually adjusted 

model including all other factors, presented in Table 4. The most significant change occurred 

for uptake of swine influenza vaccination by the youngest respondents. The RRR estimate for 

the youngest age category increased from 1.56 to 2.65 in the mutually adjusted model 
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suggesting that the youngest respondents were more likely to vaccinate against swine 

influenza, after controlling for their likely lower socioeconomic position. With regards to 

uptake of both types of vaccinations, the differences between age categories were reduced in 

the final model that adjusted for socioeconomic position, country of birth, sex and medical 

conditions. Yet, the overall pattern observed did not change and the RRR estimates remained 

significantly different from the reference category. 

 

 

Summary of models with regards to medical conditions targeting 

This study used three different models in examination of the main association of interest - 

between medical conditions targeting and influenza vaccination uptake in the 2009/2010 

influenza season in Stockholm County. The changes in the RRR point estimates across the 

models for each type of vaccination outcome are presented in Figure 2.  

 

 

Figure 2. RRR point estimates with 95% CI for medical conditions targeting from the three different models 

examining association between medical conditions targeting and vaccination uptake. Model 1 – sex adjusted; 

Model 2 – age and sex adjusted; Model 3 – adjusted for age, sex, and all SEP factors 
 

For uptake of seasonal influenza, the RRR estimate in Model 2 is lower than estimate in 

Model 1, suggesting that the association between medical conditions targeting and uptake of 

seasonal influenza vaccination was partially confounded by age. The reduction is likely 

stemming from the facts that older individuals were significantly more likely to have one of 

the medical conditions and also to have higher vaccination uptake. Further reduction of the 

RRR estimate for seasonal vaccination uptake by medical targets occurred when SEP factors 

were included in the model. This reduction is likely due to confounding by country of birth, 

because when only other SEP factors were included, the RRR estimate slightly increased 
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(data not shown). All of the point estimates have large confidence intervals that likely reflect 

the small sample size for seasonal influenza. 

For swine influenza, the inclusion of age in the model did not change the magnitude of 

RRR that compares uptake of the vaccine by those with the targeted conditions to those 

without them. This mirrors that age did not play a major role in the vaccination uptake for this 

influenza. However, when SEP factors were included, the RRR point estimate increased. The 

increase of the RRR in Model 3, suggests that when socioeconomic factors were taken into 

account, respondents with studied medical conditions were even more likely to obtain 

vaccination than those without them than in the age-adjusted model. This mirrors the positive 

associations between SEP factors and vaccination uptake and the negative associations 

between SEP factors and presence of medical conditions. 

The estimates capturing the uptake of both types of vaccinations displayed the most 

complex pattern. The sex adjusted RRR estimate was substantially reduced when age was 

included (Model 2). Subsequently, uptake of both vaccinations by individuals with studied 

medical conditions, compared to those without them, was confounded by age. However, as in 

the case of A(H1N1), the RRR estimate for uptake of both influenzas increased after SEP 

factors were included in the model. The change was more pronounced for uptake of both 

vaccinations than for uptake of A(H1N1). Therefore, it seems the association between 

presence of studied medical conditions and uptake of both influenza vaccinations was 

confounded by the SEP factors and it becomes more pronounced when the socioeconomic 

factors are taken into account.  

Overall, these results indicate some clear cases of confounding, but also display some 

variations in how the main associations changed when age, SEP factors and country of birth 

were included. For example, the uptake of swine influenza vaccination by targeted 

respondents compared to non-targeted ones was not confounded by age. In contrast, age acted 

as a confounder when comparing uptake of seasonal and both types of influenza vaccinations 

among the two groups. 
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Vaccination uptake in relation to individual medical conditions 

The uptake of influenza vaccinations was examined individually for each of the studied 

medical conditions. Each individual medical condition remained a significant model variable, 

even if not all of the RRR point estimates were significant.  

As the results in Table 5 suggest, those with COPD had significantly higher uptake of 

swine and both types of influenza vaccinations than those without COPD in all models. The 

RRR point estimate for uptake of both types of vaccinations was substantially reduced when 

age was included (Model 2), indicating that the association was confounded by age to a 

certain degree. No reduction in the RRR point estimate due to inclusion of age occurred for 

swine influenza. 

With regards to angina pectoris, uptake of both types of influenza vaccinations was 

significantly higher for those with the conditions compared to those without. In the sex-

adjusted model, those with angina seemed to have higher uptake of seasonal influenza 

vaccination than those without it. However, the RRR estimates did not show any significant 

differences once age, other SEP factors and country of birth were included. 

 

Table 5. Summary of models examining the associations between individual medical conditions and 

vaccination uptake. Model 1 – sex adjusted; Model 2 – age and sex adjusted; Model 3 – adjusted for age, sex, 

and all SEP factors and country of birth 

 Vaccination uptake across models 

 

Medical Conditions 

Model 1 Model 2 Model 3 

RRR
#
 95% CI RRR

#
 95% CI RRR

#
 95% CI 

                                            Seasonal vaccination (n=755) 

     COPD 2.10 (0.90-4.88) 1.75 (0.75-4.08) 1.62 (0.70-3.37) 

     Angina Pectoris 2.01* (1.14-3.56) 1.66 (0.93-2.95) 1.44 (0.81-2.57) 

     Heart Failure 2.91* (1.52-5.60) 2.42* (1.56-4.67) 2.09* (1.07-4.08) 

     Diabetes 2.42* (1.63-3.59) 2.09* (1.40-3.12) 1.92* (1.27-2.89) 
 

                                          A(H1N1) vaccination (n=23 998) 
     COPD 1.31* (1.01-1.72) 1.32* (1.00-1.72) 1.69* (1.28-2.23) 

     Angina Pectoris 1.16 (0.94-1.43) 1.17 (0.95-1.45) 1.45* (1.18-1.79) 

     Heart Failure 0.87 (0.65-1.15) 0.86 (0.65-1.15) 1.11 (0.83-1.47) 

     Diabetes 1.43* (1.23-1.65) 1.44* (1.24-1.67) 1.72* (1.49-2.00) 
 

                                            Both vaccinations (n=2 702) 

     COPD 4.97* (3.56-6.93) 3.35* (2.40-4.68) 4.49* (3.19-6.33) 

     Angina Pectoris 3.01* (2.25-4.04) 1.89* (1.41-2.54) 2.51* (1.86-3.40) 

     Heart Failure 3.58* (2.50-5.10) 2.32* (1.62-3.33) 3.27* (2.27-4.71) 

     Diabetes 2.87* (2.29-3.60) 2.00* (1.60-2.50) 2.56* (2.04-3.22) 
#
 RRRs represent a relative risk of being vaccinated in the indicated manner (obtaining seasonal, swine or both 

vaccinations) for those with the medical conditions compared to those without them, adjusted for the other 

factors in a given model; reference category in outcome (“no influenza vaccination”, n= 22 229) was used in 

all models  

* denotes a statistically significant estimate at least p<0.05 
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With regards to heart failure, those reporting the condition had significantly higher uptake 

of seasonal influenza vaccination than those without it in all models. Respondents with heart 

failure also had significantly higher uptake of both types of vaccinations compared to those 

without the condition. Once again, the association was reduced when age was included in the 

model. With regards to diabetes, all types of vaccination uptake displayed significantly higher 

RRR point estimates across models, suggesting that respondents with diabetes were more 

likely to obtain seasonal, swine or both vaccinations.  

The magnitude of the RRR estimates was the lowest for uptake of swine influenza 

vaccination. This suggests that the differences in uptake of swine influenza vaccination 

between those with individual medical conditions and those without them were the smallest 

for this type of vaccination outcome. The changes in RRR point estimates for each type of 

vaccination outcome across models, which were presented in Figure 2, remained the same 

when individual medical conditions were examined. Therefore, with regards to seasonal 

influenza, inclusion of age and SEP factors led to reduction of the RRR estimates. In case of 

A(H1N1), age did not alter the magnitude of the RRR estimate, but inclusion of SEP factors 

increased it. The RRR estimates for uptake of both types of influenza were reduced with age, 

but increased again when SEP factors were added to the model. 
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DISCUSSION 

Main findings 

 

Vaccination in individuals with and without targeted medical conditions 

 The primary aim of this study was to examine if uptake of different types of influenza 

vaccinations differs between individuals with medical conditions and those without them. The 

findings of this study suggest that individuals with medical conditions were more likely to 

obtain seasonal, swine or both influenza vaccinations than respondents without the medical 

conditions. These results correspond with a previous Swedish study examining seasonal 

influenza vaccination in 2003/2004 and 2004/2005 seasons, which found higher vaccination 

rate in individuals with chronic conditions than those without them (Kroneman & van Essen, 

2007). Yet, in another study comparing four European countries, Sweden showed the lowest 

levels of vaccination uptake in healthy individuals (Kroneman et al., 2006). Thus, it is 

possible that some of the differences between targeted and non-targeted individuals in this 

study may be due to low vaccination uptake in healthy individuals. Nevertheless, during the 

2009/2010 season, vaccination uptake was high because of the appearance of swine influenza.  

 In an international perspective, research on uptake of influenza vaccination by individuals 

with medical conditions presents mixed results. According to a study examining seasonal 

influenza among high-risk groups in eleven European countries, a majority of these countries 

did not show a significantly higher vaccination rate in individuals with chronic conditions 

than those without them (Loerbroks et al., 2012). However, it is possible that this study 

underestimated differences between healthy persons and those with targeted medical 

conditions because it included only individual who were 50 years or older. Older individuals 

have higher vaccination uptake, even if healthy, which could lead to smaller differences 

between the two groups. 

 With regards to swine influenza, an American study found that vaccination uptake was 

higher in persons with high-risk conditions than those without them (Lu et al., 2013). 

However, the uptake of swine influenza vaccination by persons with high-risk conditions was 

lower than uptake of seasonal influenza. In this study, the opposite pattern was present. This 

may be a consequence of vaccine availability, because there was a shortage of swine influenza 

vaccines in the USA (Lu et al., 2013) while in Sweden sufficient amount was available. 
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Vaccination with regards to individual medical conditions 

 This study also examined whether there were differences in the main association across 

individual medical conditions. The results indicated that those with any of the four examined 

condition had higher chances of being vaccinated. Not all previous studies report similar 

findings. For example, according to La Torre et al., chances of vaccination uptake differed 

depending on the studied condition. In their study, individuals with myocardial infarction, 

asthma, diabetes and angina pectoris had significantly higher odds of vaccination uptake. On 

the other hand, those with cirrhosis demonstrated lower odds of obtaining vaccination than 

healthy individuals (2010). The results of this study did not point to a differing vaccination 

uptake according to type of medical condition, however only four categories were examined. 

 With regards to individual medical conditions, this study also contrasts with some of the 

previous findings. For example, those with diabetes showed significantly higher uptake of all 

types of influenza vaccinations in this study. However, in an earlier study Sweden displayed 

no significant differences in uptake of seasonal influenza vaccination between those with and 

without diabetes (Loerbroks et al., 2012). Nevertheless, this study examined the 2006/2007 

season. It is possible that the vaccination uptake in individuals with diabetes has improved 

since then. But the contrasting results might also stem from differing age composition of the 

study populations, described above.  

 With regards to COPD, those with the condition displayed significantly higher uptake of 

swine and both types of influenza vaccinations than those without it. Further, the magnitude 

of the RRR point estimates for COPD was the highest with regards to uptake of vaccination 

against both influenzas. Previous studies showed that uptake of seasonal vaccination among 

risk groups was the lowest in those with respiratory disease (Coupland et al., 2007; Kroneman 

et al., 2006). Nevertheless, these studies employed broader range of conditions in their 

analysis and those with milder respiratory diseases were likely to be included. It is possible 

that individuals with milder conditions might be less likely to receive recommendation to 

vaccinate from their doctor. Further, their self-perception of risk, a factor previously 

associated with non-vaccination among high-risk groups (Kroneman & van Essen, 2007), is 

likely to be lower. 

 With regards to heart conditions previous studies present more consistent results. Italian 

individuals with myocardial infarction and angina pectoris had higher uptake of seasonal 

influenza vaccination (La Torre et al., 2010). In Sweden, those with vascular disease also had 

higher uptake of seasonal vaccination than those without it (Loerbroks et al., 2012). Among 

risk groups, a British study found the highest vaccination uptake of seasonal influenza in 
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those with coronary heart disease (Coupland et al., 2007). Also in this study, respondents with 

angina pectoris or heart failure were significantly more likely to obtain both types of influenza 

vaccinations. Further, those reporting heart failure were significantly more likely to vaccinate 

against seasonal influenza than those without the condition. Yet, with regards to swine 

influenza, only respondents with angina pectoris had significantly higher chances of 

vaccination after age, sex, country of birth and SEP factors were taken into account. This 

indicates that the swine influenza vaccination program in 2009/2010 Sweden was not very 

likely to reach those with heart conditions more than those without them.  

 

 

Socioeconomic factors and influenza vaccination 

 Two of the sub-aims of this study were to examine if the main association is confounded 

by socioeconomic factors and if influenza uptake varies according to SEP. With regards to 

confounding, the main association persisted when age and socioeconomic factors were taken 

into account. However, it became more pronounced for uptake of swine and both types of 

vaccinations after the SEP factors were included in the models. This suggests that SEP factors 

and country of birth confounded the main association to a certain degree.  

 With regards to socioeconomic patterning, uptake of swine influenza vaccination and both 

types of vaccinations was higher in upper occupational classes and higher income quintiles. 

Effect of educational level was more pronounced for swine influenza. The results for swine 

influenza agree with a review of determinants of A(H1N1) vaccination uptake (Brien et al., 

2012). No previous studies examining uptake of both types of influenzas were found. 

However, studies examining determinants of seasonal vaccination uptake also demonstrated 

association with socioeconomic position in the adult population (Endrich et al., 2009), but not 

in the elderly (Damiani, Federico, Visca, Agostini, & Ricciardi, 2007). Since previous studies 

associated SEP with both seasonal and swine influenza, it is likely that uptake of both 

vaccinations would be patterned in a similar manner, and this was observable in the results. 

 In this study, socioeconomic patterning of vaccination uptake was not evident for seasonal 

influenza. Only with regards to income quintiles, a socioeconomic gradient was discernible, 

but none of the estimates reached statistical significance. While this is in contrast to previous 

studies, only a small number of respondents reported uptake of seasonal influenza only. 

Subsequently, this study might not have been able to detect socioeconomic differences in 

uptake of seasonal vaccination. 
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Variations across vaccination outcomes 

 Another sub-aim of this study was to describe whether the patterns varied across different 

vaccination outcomes (uptake of no, seasonal, swine, or both vaccinations). While the 

differential patterns were not assessed statistically, the results present some evidence of their 

existence. For example, it seems that age played a different role in the main association across 

the outcomes. The results indicated that uptake of swine influenza vaccination by targeted 

respondents compared to non-targeted ones was not strongly confounded by age. However, in 

case of seasonal and both types of influenza vaccinations, age acted as a clear confounder. 

 Also some of the associations between individual factors and vaccination outcomes 

differed. With respect to age, the youngest respondents (18-19 years) were significantly more 

likely to vaccinate against swine influenza than not vaccinate at all. Yet, for uptake of both 

vaccinations young individuals were the least likely to do so. While young people were not an 

official target group for swine influenza, media were reporting more serious consequences for 

this group (NBHW, 2011). This may have resulted in an increased uptake of the swine flu 

vaccination among this age group. At the same time, according to this study those aged 20-29 

years had the lowest uptake of swine influenza compared to the reference category. 

  Another difference among the vaccination outcomes was observable with regards to sex. 

For swine influenza, women were significantly more likely to vaccinate across all models. 

This result might reflect targeting not included in this study, since pregnant women were 

recommended for vaccination (NBHW, 2009). However, it is unlikely that all of the 

differences can be attributed to pregnancy. One previous study indicated that women were 

overall more likely to receive swine influenza vaccination than men (Lu et al., 2013). 

However, these results were not confirmed by a systematic review that showed the opposite 

(Brien et al., 2012). Overall, the results in this study hint at some differences in the examined 

associations across vaccination outcomes. Further, for swine influenza, those who were 

prioritized, even if indirectly, seemed to have higher vaccination uptake. Thus it seems that 

the campaign functioned as intended at least to a certain degree. 
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Campaign design characteristics 

 Every intervention has a specific design in order to reach its recipients and the design and 

implementation may affect program’s impact on health inequalities (Lorenc et al., 2013; 

Lorenc & Oliver, 2014). As has been described above, each of the Swedish 2009/2010 

vaccination campaigns had distinct characteristics. Subsequently, the programs might have 

had diverse impacts from health equity perspective. While the program characteristics were 

not assessed empirically in this study, the results point to a differential uptake of vaccination 

among the programs which in turn may impact inequalities.  

 It has been proposed that universal programs might be better from equity perspective 

(Lorenc et al., 2013; Lorenc & Oliver, 2014). With this reasoning, the universal mass 

vaccination for swine influenza should have more equitable coverage than the seasonal one. 

The results indeed indicated that there were smaller differences in swine influenza vaccination 

uptake between those with medical conditions and those without them and more than half of 

the respondents obtained A(H1N1) vaccination. 

 Nevertheless, socioeconomic patterning for uptake of swine influenza was observable. 

Yet, with regards to occupational class and income, the socioeconomic gradient was less 

pronounced in case of swine influenza than in case of uptake of both types of vaccinations. It 

is plausible that the character of financial incentives, with swine influenza being free of 

charge for everyone, affected the strengths of the gradient. A previous study found cost to be 

a barrier for vaccination uptake in Poland but the results were not confirmed for Sweden 

(Kroneman et al., 2006).  

 The last differing characteristic of the two vaccination programs was the level of their 

newness. The swine vaccination campaign was new. On the other hand, seasonal vaccination 

has been established for longer. This might be reflected in the uptake of the vaccinations 

according to immigration status, measured by country of birth. The results of this study 

showed that individuals born outside of Europe had significantly higher uptake of seasonal 

vaccine. However, they had significantly lower uptake of swine and both types of vaccines. 

Thus, it seems that the new campaign was worse at reaching non-Swedish born individuals, 

which was suggested before (NBHW, 2011).  
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Implications and future studies 

 This study has several implications for research and public health planning. The results 

suggest that socioeconomic factors should be taken into account when examining uptake of 

vaccination by individuals with medical conditions otherwise the differences in uptake might 

be underestimated. Further, while uptake of all types of vaccinations was higher in those with 

medical conditions, socioeconomic patterning was observable. Thus, agencies responsible for 

vaccination programs need strategies to reach certain segments of society – those with lower 

SEP and immigrants, especially when new programs are created. Finally, the results point to 

the importance of program design and implementation, such as the degree of program 

universality and possible role of fees. Therefore, public health planners should consider the 

consequences of vaccination program design when attempting to achieve new or advance old 

goals.  

 Yet, in order to effectively implement these conclusions further research is needed. This 

study examined only adult population, but elderly persons comprise a large proportion of the 

high-risk groups. While an Italian study showed no socioeconomic inequalities in vaccination 

uptake (Damiani et al., 2007), these results were not confirmed by later study where elderly 

with lower socioeconomic class had higher chances of vaccinating (Chiatti et al., 2010). It 

seems likely that the SEP factors impacts vaccination uptake in elderly through different 

mechanisms than in the adult population. These specific mechanisms need to be investigated 

for both age categories in order to be addressed. Future studies should also examine if the SEP 

factors play the same role for medical targets and healthy individuals by carrying out separate 

analyses in these groups. 

 Several aspects of the vaccination campaign were considered in this study. Uptake of 

swine influenza, delivered via more universal program, seemed to be impacted by 

socioeconomic factors to a lower degree than more targeted seasonal influenza program. Yet, 

the program characteristics were not examined empirically. Some aspects of vaccine delivery, 

such as number of healthcare professionals involved, were studied before (Kroneman & van 

Essen, 2007). Yet, more research is needed, especially with regards to role of co-

payment/financial incentives. Further, the design of the program is likely to impact cost-

effectiveness, which should also be evaluated and considered by public health planners. 

Furthermore, repeated evaluations are needed as intervention’s impact can change over time 

(Victora et al., 2000).  

 In this study, reasons for refraining from vaccination were not addressed. Some of the 

previous studies focused on barriers in vaccination uptake, concluding that perceived 
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resistance, vaccine safety, and fear of needles were important (Björkman & Sanner, 2013; 

Böhmer et al., 2012; Kroneman & van Essen, 2007). But the reasons for abstaining from 

vaccination among high risk individuals might differ. Thus, in order to improve vaccination 

uptake, reasons for abstaining among specific subgroups of individuals should be examined. 

 Finally, this study focused only on a few medical conditions that were common for 

targeting of both types of influenzas circulating in the 2009/2010 season. However, since then 

new target groups, such as pregnant women and morbidly obese individuals, were added. 

Thus, the targeting for the newly added categories should be explored in future studies. 

 

 

Strengths and weaknesses of the study 

The main findings and possible implications should be viewed in light of limitations of 

this study. First, one weakness of this study is that chronic conditions and vaccination uptake 

were measured using self-reported answers, which might be subject to relatively low 

reliability. Self-reports of diabetes were found to be quite reliable (Goldman, Lin, Weinstein, 

& Lin, 2003; Martin, Leff, Calonge, Garrett, Nelson, 2000), but less is known in respect to 

self-reports of other conditions. With regards to influenza vaccination uptake, previous studies 

have shown sufficient validity of self-reports (Irving, Donahue, Shay, Ellis-Coyle, & 

Belongia, 2009; Mangtani, Shah, & Roberts, 2007). Further, the proportion of individuals in 

this study vaccinated against swine influenza was 53.8% and a register based estimation of 

swine influenza vaccination coverage in Stockholm County was equivalent (54%) (SICDC, 

2013).  

Second, only four medical conditions were used as identifiers of high-risk group 

membership which might result in exposure misclassification. In the study sample, nearly six 

percent of the respondents had at least one of the studied conditions. This proportion is 

smaller than estimate from the Swedish Institute for Communicable Disease Control, which 

proposed that 10% of Stockholm County population belonged to a risk group during the 

2009/2010 influenza season (SICDC, 2013). Thus, it is possible that misclassification is 

present in this study. However, if present, it would likely lead to an underestimation of the 

differences in influenza vaccination uptake between targets and non-targets. 

Third, the study uses cross-sectional data, which do not allow for establishment of causal 

relationships and examined associations may be susceptible to reverse causality (Mann, 

2000). However, the reverse direction of the main studied association (from vaccination 

uptake to medical conditions) is highly unlikely.  

http://www.refworks.com/refworks2/?r=references|MainLayout::init
http://www.refworks.com/refworks2/?r=references|MainLayout::init
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Fourth, the data used in this study comes from three different sub-cohorts and follow-up 

attrition and internal non-response can affect the results. For both, 2002 and 2006 sub-cohorts, 

the follow-up response rate was higher among females, highly educated individuals, and 

Swedish-born individuals (Svensson et al., 2013). Further, even the demographic composition 

of the baseline cohorts differed from census obtained demographics of Stockholm County, 

with over-representation those with higher SEP. As a result, the study sample is likely to 

underestimate the social differences in Stockholm County. Therefore, differences in 

vaccination uptake between targeted and non-targeted individuals might be underestimated 

since individuals with lower socioeconomic position were more likely to be targets but also 

not to be represented in the SPHC. 

Fifth, the results of this study are based on a single Swedish county, which might affect 

their external validity. However, Stockholm County is home to approximately 20% of the 

Swedish population and thus is an important county to focus on. Further, in Sweden, 

individual counties are responsible for vaccination campaigns (Kroneman & van Essen, 

2007). Therefore inclusion of a single county meant that the program characteristics, such as 

fee co-payment, were constant. 

This study also displays some strengths. First, a relatively large sample size was used. 

Second, the study avoided a common mistake in social research – interchangeability of SEP 

measures – by employing multiple measures of socioeconomic position. This is important 

since various SEP measures are likely to address different causal mechanisms (Geyer et al., 

2006). Finally, the discussion of program characteristics and the overall inclusion of different 

types of vaccination uptake, especially acquisition of both influenza vaccinations, are unique 

features of this study and advance the current literature.  
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APPENDICES 

 

Fig I. A. Proportion of vaccinated individuals against seasonal influenza during 

the 2009/2010 influenza season, in 2 year age intervals (n=755) 

 

Fig I. B. Proportion of vaccinated individuals against A(H1N1) influenza during 

the 2009/2010 influenza season,  in 2 year age intervals (n=23 998) 

 

Fig I. C. Proportion of vaccinated individuals against both types of influenza 

during the 2009/2010 season,  in 2 year age intervals (n=2 702) 
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Table I. Results of logistic regression models examining associations between presence of medical 

conditions and SEP factors, country of birth, age and sex  

 Medical conditions targeting (n=49 684) 

 Targets (crude model) Targets (mutually adjusted model) 

SEP factors OR 95% CI OR 95% CI 

Educational level     

     Compulsory ed. Ref.  Ref.  

     Upper secondary ed. 0.63* (0.55-0.71) 0.79* (0.68-0.90) 

     Bachelor ed. 0.34* (0.29-0.35) 0.53* (0.44-0.64) 

     Master or higher ed.  0.30* (0.25-0.35) 0.52* (0.43-0.62) 

Occupational class     

     Unskilled and skilled manual Ref.  Ref.  

     Lower non-manual 0.77* (0.66-0.90) 1.01 (0.86-1.20) 

     Intermediate non-manual 0.54* (0.47-0.62) 0.89 (0.76-1.04) 

     Higher non-manual 0.42* (0.35-0.49) 0.78* (0.64-0.94) 

     Self-employed 0.80* (0.66-0.95) 0.76* (0.63-0.92) 

     Unclassified 0.99 (0.82-1.19) 1.38* (1.12-1.70) 

Income Quintiles
#
     

     1 (lowest) Ref.  Ref.  

     2 0.97 (0.82-1.45) 1.06 (0.89-1.26) 

     3 0.68* (0.57-0.80) 0.77* (0.65-0.93) 

     4 0.56* (0.48-0.66) 0.68* (0.57-0.82) 

     5 0.45* (0.38-0.53) 0.64* (0.53-0.78) 

Country of Birth     

     Sweden 0.43* (0.37-0.49) 0.52* (0.44-0.61) 

     Other Nordic countries 1.21 (0.99-1.49) 0.68* (0.54-0.84) 

     Other European countries 0.75* (0.60-0.94) 0.71* (0.56-0.90) 

     Rest of the world Ref.  Ref.  

Age Categories     

     18-19 0.47* (0.22-0.98) 0.22* (0.10-0.48) 

     20-29 0.63* (0.42-0.95) 0.54* (0.35-0.81) 

     30-45 Ref.  Ref.  

     46-53 3.61* (3.04-4.30) 3.26* (2.74-3.88) 

     54-64 8.81* (7.62-10.2) 8.34* (7.16-9.72) 

Sex     

     Male Ref.  Ref.  

     Female 0.68* (0.61-0.75) 0.63* (0.56-0.70) 

* denotes a statistically significant estimate at least p<0.05 
# 
 adjusted for age in crude 

 



44 

 

 

Table II. Results of multinomial logistic regression examining associations between vaccination uptake and SEP 

factors, country of birth, age and sex 

 Vaccination uptake (n=49 684) 

 None  Seasonal influenza A(H1N1) Both 

SEP factors RRR RRR 95% CI RRR 95% CI RRR 95% CI 

Educational level        

     Compulsory  ed. 1.00 Ref.  Ref.  Ref.  

     Upper secondary ed. 1.00 0.87 (0.65-1.15) 1.27* (1.16-1.39) 0.95 (0.78-1.14) 

     Bachelor ed. 1.00 0.89 (0.62-1.28) 1.40* (1.26-1.57) 1.07 (0.85-1.34) 

     Master or higher ed.  1.00 1.08 (0.75-1.56) 1.94* (1.74-2.15) 1.54* (1.25-1.90) 

Occupational class        

     Unskilled and skilled manual 1.00 Ref.  Ref.  Ref.  

     Lower non-manual 1.00 1.45* (1.07-1.97) 1.22* (1.11-1.33) 1.41* (1.17-1.70) 

     Intermediate non-manual 1.00 1.15 (0.84-1.57) 1.43* (1.31-1.55) 1.56* (1.29-1.87) 

     Higher non-manual 1.00 1.53* (1.06-2.22) 1.53* (1.39-1.69) 2.14* (1.74-2.62) 

     Self-employed 1.00 0.99 (0.64-1.55) 0.80* (0.72-0.89) 0.89 (0.70-1.12) 

     Unclassified 1.00 1.34 (0.93-1.93) 1.02 (0.91-1.14) 0.90 (0.68-1.20) 

Income Quintiles        

     1 (lowest) 1.00 Ref.  Ref.  Ref.  

     2 1.00 1.17 (0.85-1.61) 1.22* (1.12-1.33) 1.37* (1.11-1.68) 

     3 1.00 1.13 (0.85-1.49) 1.24* (1.14-1.35) 1.38* (1.12-1.71) 

     4 1.00 1.16 (0.86-1.58) 1.24* (1.14-1.36) 1.53* (1.23-1.89) 

     5 1.00 1.31 (0.96-1.79) 1.35* (1.23-1.47) 1.73* (1.41-2.12) 

Country of Birth        

     Sweden 1.00 0.40* (0.31-0.52) 1.38* (1.26-1.52) 1.61* (1.28-2.01) 

     Other Nordic countries 1.00 0.26* (0.15-0.46) 1.37* (1.19-1.58) 1.39* (1.02-1.90) 

     Other European countries 1.00 0.43* (0.29-0.64) 0.77* (0.67-0.88) 1.11 (0.80-1.55) 

     Rest of the world 1.00 Ref.  Ref.  Ref.  

AgeCategories        

     18-19 1.00 1.29 (0.62-2.66) 2.23* (2.01-2.93) 0.31* (0.15-0.62) 

     20-29 1.00 0.45* (0.30-0.69) 0.75* (0.68-0.82) 0.26* (0.19-0.34) 

     30-45 1.00 0.73* (0.58-0.92) 1.03 (0.97-1.10) 0.42* (0.37-0.47) 

     46-53 1.00 0.80 (0.62-1.03) 0.91 (0.85-0.98) 0.54* (0.47-0.63) 

     54-64 1.00 Ref.  Ref.  Ref.  

Sex        

     Male 1.00 Ref.  Ref.  Ref.  

     Female 1.00 0.96 (0.79-1.17) 1.43* (1.35-1.51) 1.09 (0.97-1.23) 

* denotes a statistically significant estimate at least p<0.05 

 


