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Background: The elderly use antibiotics frequently due to their increasing infection susceptibility. Given the high and increasing proportion of elderly in the population, their antibiotic use is substantial. Objective: This study aimed to compare antibiotic use in the elderly in the ambulatory care sector between Hungary and Sweden.
Methods: This retrospective, descriptive, cross-national, comparative study included antibacterial use data from the Hungarian National Health Insurance Fund and the Swedish eHealth Agency. Antibiotic use (anatomical therapeutical chemical: J01) was expressed as the number of prescriptions/1000 inhabitants/year or month and was further stratified by age and sex.
Results: Antibiotic exposure was higher in the Hungarian elderly population (649.8 prescriptions/1000 inhabitants/year) compared to its Swedish counterparts (545.0 prescriptions/1000 inhabitants/year). Hungary had a similar scale of antibacterial exposure across all elderly age subgroups, with different trends in males and females, while Sweden had a stepwise increase in antibiotic exposure by age in both sexes. The seasonal fluctuation was high in Hungary and reached a peak of 80.7 prescriptions/1000 inhabitants/month in January 2017, while even antibiotic use was detected throughout the year in Sweden. The pattern of antibiotic use in the elderly considerably differed between the two countries. Penicillin and beta-lactamase combinations, such as co-amoxiclav, were more frequently used in Hungary than in Sweden (19.08% vs 1.83% of corresponding total ambulatory antibiotic use). Likewise, quinolones were more commonly used in Hungary than in Sweden (34.53% vs. 9.98). The elderly in Sweden were mostly prescribed narrow spectra penicillins (26.71% vs. 0.29% in Hungary).
Conclusion: This cross-national comparison revealed important differences in all aspects of antibiotic use in the elderly between the two countries. The identical scale and pattern of antibiotic use cannot be anticipated due to the poorer health status of the Hungarian elderly population. However, the substantial differences indicate some room for improvement in the antibiotic prescription for the Hungarian elderly.
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INTRODUCTION
Antimicrobial resistance (AMR) implies a threat to global human health. Contributing factors of AMR include antibiotic overuse and misuse in hospital and ambulatory care settings (Ventola, 2015). Current demographic projections show an increasing elderly population in Europe. In 2019, proportion of the elderly population (≥65 years) proportion in Europe, Hungary, and Sweden was 31.4%, 29.3%, and 31.9%, respectively, of the total adult active (15–64 years) population, which is projected as 39.1%, 33.7%, and 34.4% by 2030, respectively (Eurostat, 2019).
The elderly population is at increased risk of many infectious diseases due to progressive functional decline of the immune system, commonly referred to as immunosenescence (Feehan et al., 2021). Age-related immune system changes affect innate and adaptive immune responses (Feehan et al., 2021). Research data on outpatient antibiotic use in the elderly remained scarce despite the growing population size of the elderly in Europe, and most studies focus on long-term care facilities (Raban et al., 2021). Comprehensive country-wide data on antibiotic use in the elderly in ambulatory care have only been published for a limited number of countries, including Denmark (Jensen et al., 2021), Norway (Blix et al., 2007), and the United States (Kabbani et al., 2018). Moreover, no cross-national comparison research has compared antibiotic use for the elderly in ambulatory care between European countries. Therefore, this study aimed to compare antibiotic use in the elderly in the ambulatory care sector in Hungary and Sweden.
METHODOLOGY
Study design and setting
This retrospective and descriptive cross-national comparative study collected data on antibacterial prescriptions dispensed at community pharmacies in Hungary and Sweden in 2017. Antibacterials were classified according to the anatomical therapeutical chemical (ATC) classification system defined by the World Health Organization (WHO), version 2022 (WHO, 2020). The use of systemic antibacterials (ATC: J01) was measured as prescriptions/1000 inhabitants/year or month. The elderly population (aged >65 years) of Hungary and Sweden in 2017 served as study populations for this study, including 1,828,226 elderly in Hungary and 1,976,857 elderly in Sweden (data derived from Eurostat). The two populations were further stratified into subgroups according to age (65–69 years, 70–74 years, 75–79 years, 80–85 years, and >85 years) and sex. Seasonal variation of antibiotic consumption was also assessed.
Description of databases
Data on antibacterial use was obtained from the Hungarian National Health Insurance Fund and the Swedish eHealth Agency. Both the Hungarian and the Swedish national health insurance systems cover almost 100% of the population of each country. The database in Hungary contains records of all dispensed and reimbursed ambulatory care prescriptions issued by general practitioners (GPs), specialists, and dentists to ambulatory care patients, nursing home residents, and patients visiting private practices (e.g., gynecologists, dentists). The drug coverage is approximately 95% because non-reimbursed antibiotics are not included in the database.
The Swedish database contains data on all dispensed antibiotic prescriptions providing 100% drug coverage. All medications prescribed to outpatients (irrespective of reimbursement status) that are issued by GPs, specialists, dentists, patients visiting private practices, or nursing homes are included in this database.
Statistics
Excel was used for the statistical analyses, and visualization was done by the R package (version 4.1.2).
Ethical considerations
Ethical approval was not needed because aggregated data were collected for both countries.
RESULTS
The scale of antibiotic use
The entire Hungarian population (approximately 9.8 million people) was dispensed 6,792,714 prescriptions of antibiotics in 2017, 17.5% of which were dispensed to the elderly. Concurrently, the entire Swedish population (approximately 10 million people) was dispensed 3,204,838 prescriptions of antibiotics, 33.6% of which were dispensed to the elderly. The antibiotic exposure was 649.8 prescriptions/1000 inhabitants/year in Hungarian and 545.0 prescriptions/1000 inhabitants/year in the Swedish elderly population.
Figure 1 presents the level of antibiotic exposure across the elderly age subgroups. The antibacterial exposure of the Hungarian elderly population was similar across all age subgroups, while a stepwise increase was observed in antibacterial exposure by age subgroups (an increase from 398 [65–69 years old] to 852 (>85 years old) prescriptions/1000 inhabitants/year) in the Swedish elderly population.
[image: Figure 1]FIGURE 1 | Antibacterial use in different elderly age subgroups in Hungary and Sweden (2017).
The pattern of antibiotic use
Table 1 shows the absolute and relative use of different antibacterial subgroups. Concerning the beta-lactam antibacterials, the penicillin group in Hungary was responsible for one-fifth of total ambulatory care antibiotic use in the elderly, and cephalosporins also had considerable use and share. In contrast, the penicillin group in Sweden was responsible for almost half of antibiotic use in the elderly, and marginal cephalosporin use was observed. The absolute and relative use of macrolides and fluoroquinolones were considerably higher in the Hungarian elderly population than in the Swedish counterparts, with an opposite pattern for tetracyclines and other antibacterials because their use was higher in the Swedish elderly (Table 1).
TABLE 1 | Absolute and relative use of different antibiotic subgroups in the elderly population in Hungary and Sweden.
[image: Table 1]Table 2 shows the top ten list of antibacterials. Amoxicillin and clavulanic acid (co-amoxiclav) and two fluoroquinolones (levofloxacin and ciprofloxacin) covered almost half (46.6%) of the antibiotic use of the Hungarian elderly population in ambulatory care (Table 2), whereas 40% of all antibiotics used by the elderly population in ambulatory care constituted of the narrow-spectrum penicillin V, flucloxacillin, or pivmecillinam in Sweden. Nitrofurantoin use was almost absent in Hungary but constituted approximately 10.5% of the elderly antibiotic use in Sweden.
TABLE 2 | The top ten list of antibacterials used in the elderly population in Hungary and Sweden (2017).
[image: Table 2]Sex-specific antibiotic use
Overall, elderly females used more antibiotics than elderly males in Hungary and Sweden. Elderly females have been exposed to antibiotics at 668 prescriptions/1000 elderly females/year in Hungary, while elderly males at 620 prescriptions/1000 elderly males/year. Swedish elderly females were exposed to antibiotics at 618 prescriptions/1000 females/year, while elderly males at 460 prescriptions/1000 males/year in ambulatory care.
However, the antibiotic exposure of the two sexes of the elderly population showed opposite trends in the age subgroup analysis in Hungary (Figure 2). Antibiotic use decreased from 685 prescriptions/1000 females/year (60–65 years old) to 631 prescriptions/1000 females/year (>85 years old) in Hungary. Conversely, the scale of antibiotic use in the Hungarian elderly male increased by age [from 563 prescriptions/1000 males/year (65–69 years old) to 739 prescriptions/1000 males/year (>85 years old)]. Both elderly females and males in Sweden were exposed to increasing amounts of antibiotics by increasing age (Figures 1, 2) and in all elderly subgroups Swedish females were exposed to more antibiotics than Swedish males).
[image: Figure 2]FIGURE 2 | Sex-specific use of antibiotics in ambulatory care presented by age subgroups in the elderly population in Hungary and Sweden (2017).
Seasonal variation
Figure 3 shows the seasonal variation in antibiotic use in the elderly in Hungary and Sweden. The seasonal fluctuation was high in Hungary, reaching a peak of 80.7 prescriptions/1000 inhabitants/month in January. The lowest value in Hungary was 39.2 prescriptions/1000 inhabitants/month in July. Antibacterial use in the elderly population in Sweden was more equally distributed over the entire year, with a peak consumption of 49 prescriptions/1000 inhabitants/month in March and a nadir of 42 prescriptions/1000 inhabitants/month in April.
[image: Figure 3]FIGURE 3 | Seasonal variation of antibiotic use among the elderly population in Hungary and Sweden in 2017.
DISCUSSION
To the best of our knowledge, this is the first study to report on Hungarian data on antibiotic use in the elderly and the first age-specific comparison of antibiotic use between two countries. Our results showed that antibiotic exposure was higher in the Hungarian elderly population than in their Swedish counterparts. Several factors might explain the higher antibiotic exposure in the Hungarian elderly than in Sweden.
Scale of use
Life expectancy is one of the most commonly used measures of the overall health of a population. The average life expectancy in 2017 for those aged 65 years was higher in Sweden than in Hungary (20.40 years vs 16.70 years), meaning that the Hungarian elderly has poorer health status (Eurostat, 2022).
Data on acute infection incidences are unavailable in the national statistics, but data on chronic disease prevalence, which can increase infection risk compared to the healthy population, is retrievable and can partly explain the observed differences between Hungary and Sweden. Two-thirds of Hungarians and nearly half of Swedish elderly (aged ≥65) reported at least one chronic disease (OECD, 2020). An epidemiological research revealed that patients with diabetes suffer infections more frequently than those without diabetes with consequent higher antibiotic use (Alves et al., 2012). The prevalence of diabetes in the elderly was higher in 2014 in Hungary than in Sweden (18.6% vs 12.6%) (Eurostat, 2014c). Obesity has also been an independent risk factor for infections in retrospective and prospective studies (Harpsøe et al., 2016). It increases the risk of pneumococcal respiratory tract infections (RTI), skin, gastrointestinal tract, and urinary tract infections (UTI) in elderly individuals (Frasca and McElhaney, 2019; Ghilotti et al., 2019). The prevalence of obesity in the elderly was much higher in 2014 in Hungary than in Sweden (26.5% vs 14.5%) (Eurostat, 2014a).
Smoking is one of the main risk factors for RTI, and the rate of daily smokers among the elderly was higher in Hungary (10.8%) than in Sweden (7.2 %), however this difference is much higher in the overall population (28 % vs. 7%, in 2020). In addition, smoking increases infection risk for digestive, reproductive, and other systems, which could lead to slightly higher antibiotic use in Hungarian elderly than in Swedish (Jiang et al., 2020). The annual number of hospital discharges due to malignant neoplasm of the respiratory tract (trachea, bronchus, and lung) in 2017 was also higher in Hungarian elderly (13,115 patients) than in its Swedish counterparts (4,966 patients) (Eurostat, 2017a). Prescribers may have a lower threshold for initiating antibiotic use in patients with cancer because antibiotics have positive side effects, such as cancer apoptosis promotion, cancer growth inhibition, and cancer metastasis prevention, e.g., lung cancer (Gao et al., 2020).
The population’s low health literacy and health-related knowledge can contribute to patients’ attitudes, beliefs, perceptions, and behaviors related to antibiotic use and can result in higher overall antibiotic use (Salm et al., 2018). The Eurobarometer public survey from 2018 revealed that the Hungarian public’s knowledge of antibiotics was worse than Swedish because only 37% of respondents gave entirely correct answers for all four antibiotic knowledge-related questions in Hungary, while 74% in Sweden (WHO, 2018).
The Eurostat statistics from 2017 revealed that the proportion of Hungarian elderly with >10 GP visits per year was 20.0% (65–74 years) and 29.5% (≥75 years), while this rate was only 3.7% (65–74 years) and 5.8% (≥75 years or more) in Sweden, suggesting that GP visits have a lower threshold in the Hungarian elderly population, which can contribute to higher antibiotic use (Tyrstrup et al., 2017). In addition, of the surveyed people in Hungary in the Eurobarometer study, 25% stated antibiotic prescription for sore throat and 17% for fever, while 9% for sore throat and 2% for fever in Sweden (European Commission, 2016). Data suggests that initiating antibiotic treatment is less judicious among Hungarian doctors although this data is based on patient recalls. Misleading advertising can be partly responsible for this. Over-the-counter dorithricin-containing lozenges, a local antibiotic, were heavily advertised on TV as a “throat saver antibiotic” in earlier years in Hungary, sending the incorrect message both to patients and doctors that antibiotics are required to relieve sore throats.
Physicians are primarily responsible for the decision to use antibiotics; thus, ensuring the optimal attitudes and knowledge that underlie their prescribing habits is a prerequisite for improving prescription quality (Gonzalez et al., 2015). A recent study revealed a 20% proportion of final-year medical students who want more education on prudent antibiotic use in Sweden, while >71% in Hungary. This means that medical students in Sweden feel prepared for prudent antibiotic prescription in much higher percentages than final-year students in Hungary (Dyar et al., 2018).
Moreover, antibiotic use is influenced by the existence of a national antibiotic policy (WHO, 2011). Sweden implemented the WHO recommendations for antibiotic stewardship in the form of a national strategic program to combat antibiotic resistance (Medical Products Agency and Strama, 2008), which is a continuously evolving collaboration that has been in place since 1995 (Mölstad et al., 2017). In contrast, a national antibiotic policy is not implemented with clear targets, responsibilities, and dedicated funding in Hungary (WHO, 2018).
Market forces and manufacturers’ marketing activity can also largely influence prescription practices in Hungary (WHO, 2018). The number of generics is very high in Hungary because they aim to reduce the price as much as possible (MacKenzie et al., 2006; Wouters et al., 2017), which might promote higher antibiotic use.
Overall, our study revealed that elderly females were prescribed more antibiotics than males in both countries. This can be partly explained by the sex differences in GPs visiting rates, wherein the rate of Hungarian elderly with >10 GP visits per year was 17.7% and 28.6% for males aged 65–74 years and >75 years, respectively, while 21.5% and 30.0% in the same age groups for females.
The sex gap in antibiotic prescription can partly be explained by consultation behavior differences (Smith et al., 2018). Males and females communicate differently with healthcare professionals, and prescribers may have gender biases that affect their willingness to prescribe antibiotics, resulting in higher antibiotic use in females (Smith et al., 2018). Males in the oldest two age groups were prescribed more antibiotics in Hungary due to the higher prevalence of risk factors among males, such as smoking and excessive alcohol consumption (WHO, 2018). The number of elderly male smokers is double compared to elderly female smokers aged 65–74 years and is five times higher in >75 years old in Hungary. Meanwhile, both sexes are equally smokers in each age subgroup in Sweden (Eurostat, 2014).
Pattern of use
We found that the absolute and relative ambulatory care use of different antibacterial subgroups differed greatly in the elderly population between Hungary and Sweden. In Hungary, penicillin beta-lactamase combinations, such as co-amoxiclav were preferred, compared to Sweden where it was marginally used (19.08% vs 1.83%). The high use of co-amoxiclav has been estabilished in previous research as a drug of choice for RTI in Hungary (Matuz et al., 2013). Swedish policy recommends prescribing narrow-spectrum penicillins in ambulatory care for RTI (Aspevall et al., 2020) and our data indirectly indicate good adherence to this guideline. Surveillance report from the European Antimicrobial Resistance Surveillance Network (EARS-Net) showed that percentages of penicillin-resistant pneumococci (PRP) were similar in Hungary (6.9%) and Sweden (6.1%) (ECDC, 2017). Clavulanic acid use is not necessary for PRP because the resistance mechanism is not connected to the bacteria’s capability to produce beta-lactamase enzymes; hence, the addition of clavulanic acid to aminopenicillin will not help to overcome this resistance (Huttner et al., 2020). Co-amoxiclav is dominantly used compared to amoxicillin alone in Hungary because co-amoxiclav was placed on the market earlier than amoxicillin alone; thus, doctors became used to it (Benko, 2016). The use of broad-spectrum antibiotics, such as co-amoxiclav can compromise the host microbiome. Even short-term antibiotic exposure alters the gut microbiota and bacterial diversity recover after weeks or months after (Elvers et al., 2020). Disruption of the human microbiom by antibiotic use can lead to AMR infections and several diseases such as allergia, asthma, obesity or vitamin K deficiency (Langdon et al., 2016).
Quinolone was also more frequently used in Hungary than in Sweden (34.53% vs. 9.98% of total ambulatory use in the elderly, respectively). Previous research showed that fluoroquinolones were commonly used in ambulatory care to treat urinary tract infections and also RTIs in Hungary (Juhasz et al., 2013; Matuz et al., 2015; Benkő et al., 2020). Contrarily, pivmecillinam and nitrofurantoin were proved to be the first-line antibiotics to treat community-acquired UTIs in Sweden (Kornfält et al., 2019). The consequences of high fluoroquinolone use can be various. The Food and Drug Administration has placed a boxed warning on fluoroquinolone antibiotics which highlights older adults as being at an elevated risk of serious side effects, including tendon rupture, delirium, peripheral neuropathy, blood sugar disturbances, and aortic dissection (U.S. Food and Drug Administration, 2018). Fluoroquinolones also increase the risk of CDI (Clostridioides difficile infection) (Kabbani et al., 2018). Fluoroquinolone can cause QT interval prolongation and subsequently increase the risk of torsades de pointes (TdP) type arrhythmias. Given that heart failure and other risk factors such as uncorrected hypokalaemia, hypomagnesaemia might be present more frequently in the elderly, they are more vulnerable to potentially fatal cardiac arrhythmias such as TdP (Stahlmann & Lode, 2010). The 2017 annual report of the EARS-Net showed a difference in the percentage of fluoroquinolone-resistant Escherichia coli between Hungary and Sweden (30.6% vs 15.8%, respectively) that could be due to differences in the quinolone use in the two countries (ECDC, 2017).
The results of this comparison between the two countries are essential for Hungary since they need to optimize antibiotic use in the elderly to prevent serious adverse effects, more rapid resistance development, and higher costs (WHO, 2018). The availability of therapeutic guidelines might contribute to the observed pattern of antibiotic use in both countries. Up-to-date diagnostic and treatment guidelines have been unavailable for most community-associated infections for several years in Hungary, but Sweden continuously updates the guidelines every 3 years (Government Offices of Sweden, 2020).
Seasonal antibiotic use
The Hungarian antibiotic use in the elderly was very similar to Sweden in the summer months, but we detected substantially higher antibiotic use in the Hungarian elderly in the winter months. Seasonal fluctuation of outpatient antibiotic use in the general population across European countries has been previously described (Elseviers et al., 2007) and linked to an increased prevalence of RTI during the winter months, resulting in higher antibiotic prescription rates during this time (Elseviers et al., 2007).
Viral RTI and influenza-like syndromes were the most frequent infections in winter in both countries (Folkhälsomyndigheten, 2017; Kovács and Pakot, 2020); thus, antibiotics were possibly prescribed for self-limiting viral infections. The close correlation between viral respiratory infections, such as influenza and antibiotic prescriptions (Ryu et al., 2018), suggests that reducing the incidence of influenza through vaccination efforts in elderly people (Smetana et al., 2018) could help decrease the overprescription of antibiotics. The Eurostat in 2017 reported that Sweden has a higher vaccination rate against influenza in the population aged ≥65 years (49.8%) than in Hungary (26.8%) (Eurostat, 2017b), which might result in lower influenza illness rates in Sweden.
Study strengths and limitations
The strength of this study is the nearly 100% population and drug coverage in both countries. However, some limitations need to be acknowledged. Firstly, this research only uses 1-year data from the two countries, which precludes analysis of annual trends in antibiotic use. Secondly, data is not stratified by specific indications. However, these limitations do not affect our aims and conclusions. Finally, we have to highlight, that systemic antibiotic use (WHO: J01) includes methenamine (urinary disinfectant) with considerable use in Sweden (sixth place on the top list). Excluding methenamine would result in even higher differences in the antibiotic utilization of the two countries.
CONCLUSION
The scale and pattern of elderly ambulatory antibiotic use differed between Hungary and Sweden. Some of the observed differences could be explained by the different health statuses between the two populations; however, data suggest that interventions are needed to optimize antibiotic use in the elderly in Hungary.
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