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Abstract: Background: Antibiotics are commonly prescribed for outpatient management of cysti-
tis. Previous evidence suggests that certain factors likely beyond the infection seem to influence
the choice of antimicrobial treatment. However, studies on the specific antibiotic treatments for
cystitis are lacking. This study aimed to explore the antibiotic treatments for cystitis using nation-
wide primary healthcare data and investigate if factors beyond the infection could be associated
with fluoroquinolone treatment. Methods: This nationwide follow-up cohort study consisted of
352,507 women with cystitis. The primary aim was to investigate what specific classes of antibiotics
were redeemed by patients within five days from the cystitis diagnosis. Each patient could only
be included once. Logistic regression models were also used to examine the relationship between
fluoroquinolone (FQ) treatment, parity, and sociodemographic factors. Results: In total, 192,065
antibiotic prescriptions were redeemed. Pivmecillinam (58.4%) followed by nitrofurantoin (22.2%),
trimethoprim (12.0%), fluoroquinolone (5.6%), and cephalosporins (1.5%) were the most redeemed
antibiotics. Sociodemographic factors were weakly associated with fluoroquinolone treatment; young
age was inversely associated with fluoroquinolone treatment. Parity and cervical cancer history were
not associated with fluoroquinolone treatment. The proportion of fluoroquinolone and trimethoprim
treatments decreased over time, while pivmecillinam and nitrofurantoin increased. Conclusions: The
treatment trends of antibiotics redeemed within five days from a cystitis diagnosis were similar to
the national surveillance program of these antibiotics (not diagnosis linked). Fluoroquinolones were
weakly associated with sociodemographic factors, which likely is only of historical relevance.

Keywords: antibiotics; cystitis; fluoroquinolones

1. Introduction

Uncomplicated lower urinary tract infection (UTI), also known as uncomplicated
cystitis, is one of the most common bacterial infections in women. About one in ten women
have at least one infection each year and therefore cystitis is an important contributor to
antibiotics exposure in otherwise healthy women in Sweden and worldwide [1–5].

However, over the last decades, safe and effective treatment options have decreased.
This is partly due to an increase in antibiotic resistance, making certain antibiotics, such
as fluoroquinolones, less suitable as empirical treatment options for cystitis. For example,
fluoroquinolone resistance has passed 20% in several countries worldwide. Furthermore,
certain UTI antibiotics have also been found to be more associated with collateral damage
and severe adverse effects. For example, suspected cardiotoxicity and neuropsychiatric
conditions have been related to fluoroquinolones [6–20].
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All this considered, the treatment guidelines for cystitis (including in Sweden) have
turned away from certain antibiotics—mainly fluoroquinolones, reserved for more seri-
ous infections—towards more narrow-spectrum antibiotics, such as nitrofurantoin and
pivmecillinam, with lower resistance rates and more suitable safety profiles for use in the
treatment of cystitis [8,19,21]. The national antibiotic surveillance program has demon-
strated this shift [22], which has also been seen in smaller local but diagnosis-linked
studies [23,24]. However, no study has investigated on a population-based dataset UTI
treatment trends for a diagnosis of uncomplicated cystitis, nor how large of a proportion
of certain antibiotics (e.g., fluroquinolones) comprise and if this could vary due to factors
beyond the infection.

The gap in previous research is most likely due to the lack of nationwide population-
based data from primary healthcare, where UTIs are mostly managed. We recently identi-
fied that about 54.5% of women diagnosed with uncomplicated cystitis in Sweden redeemed
an antibiotic for their prescription. Furthermore, the study found that certain factors (likely
beyond the infection) were associated with antibiotic treatment for cystitis [4]. In this
follow-up study, by using a similar method [4], we aimed to study what specific classes of
antibiotics were redeemed for cystitis in Sweden over a 13-year time period and determine
if the annual trends were similar to the national surveillance program of antibiotics. We also
intended to study if factors likely beyond the infection (e.g., history of cervical cancer and
parity, and sociodemographic factors) could be associated with fluoroquinolone treatment.

2. Results

Table 1 includes the annual proportional distribution of each of the investigated an-
tibiotic groups amongst the 192,065 antibiotic treatments for uncomplicated cystitis during
the study period. The table shows that penicillins with extended spectrum (pivmecillinam)
were used in 58.4% of all cases, followed by nitrofurantoin (22.2%), trimethoprim (12.0%),
fluoroquinolones (5.6%), cephalosporins (1.5%), sulphonamides/trimethoprim combina-
tions (0.4%), and beta-lactam/beta-lactamase inhibitors (<0.1%). During the first couple
of years, treatment with fluoroquinolones, cephalosporins, and especially trimethoprim
was more common but declined prominently in the following years. Nitrofurantoin was
not widely used in our population during the first years, but as fluoroquinolones and
trimethoprim use decreased, nitrofurantoin treatment increased. From 2011–2018, nitrofu-
rantoin was used in about one-third of all cases. Pivmecillinam was used in about 60% of
all cases annually (except for the first two years). Supplementary Table S1 includes data on
when seven-level ATC codes from 2006 to 2013 were available. Pivmecillinam (J01CA08)
accounted for about 57.4% of all these, followed by nitrofurantoin (20.1%), trimethoprim
(13.6%), and fluoroquinolones (5.9%). Pivmecillinam also accounted for 99.4% of the peni-
cillin with extended spectrum (amoxicillin, J01CA04, accounted for the other 0.6%). The
proportion of nitrofurantoin and pivmecillinam treatments also seemed to increase in
parallel to the decline of trimethoprim and fluoroquinolone treatments.

Table 2 presents a fully adjusted model of the associations between the individual
sociodemographic variables and fluoroquinolone treatment within five days after the
uncomplicated cystitis event. Age and education level were weakly associated with fluo-
roquinolone treatment. For example, middle followed by low education level had higher
odds compared to high education level. Low income was associated with an increased
odds of fluoroquinolone treatment. For example, the lowest income quartile had an OR
of 1.30 (95% CI 1.23–1.38) compared to the highest income quartile. Living outside larger
cities was strongly associated with lower odds of fluoroquinolone treatment. Country
of origin did not seem to have a strong association with fluoroquinolone treatment in
general. However, women from Western countries, Asia (excluding the Middle East) and
Oceania, and Latin America and the Caribbean seemed to have significantly increased odds
of fluoroquinolone treatment compared to Swedish women. History of cervical cancer and
parity were associated with a decreased odds of fluoroquinolone treatment, however, only
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to a statistically significant extent for the latter. Year of infection (continuously increasing)
was significantly associated with a decrease in fluoroquinolone treatment.

Table 1. Treatment trends of the 192,065 antibiotics redeemed for uncomplicated cystitis (2006–2018).

Antibiotic Groups in Order of Total Proportion (%)
Year

2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 All

Penicillins with extended spectrum (J01CA) 46.6 51.8 62.6 62.3 60.6 61.6 61.5 63.5 62.6 64.5 62.1 59.2 59.2 58.4

Nitrofuran derivatives (J01XE) 10.6 14.2 13.2 21.7 26.8 29.0 30.9 29.5 31.8 29.5 33.0 35.3 35.1 22.2

Trimethoprim and derivatives (J01EA) 28.0 22.1 16.2 10.5 7.7 5.2 3.5 2.7 1.7 1.6 0.9 0.8 0.5 12.0

Fluoroquinolones (J01MA) 11.4 9.0 5.6 4.1 3.7 3.1 2.9 3.3 3.0 3.5 2.9 3.7 4.1 5.6

Cephalosporins (J01DB-E,I) 3.0 2.5 2.0 1.2 0.9 0.8 0.9 0.8 0.7 0.7 1.0 0.5 0.7 1.5

Sulphonamides/Trimethoprim combinations (J01EE) 0.5 0.4 0.5 0.3 0.4 0.4 0.3 0.2 0.2 0.2 0.1 0.4 0.4 0.4

100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0

No sulphonamide antibiotics (J01EB, J01EC, J01ED) were identified. Less than 0.1% of the antibiotic treatments
were a beta-lactam/b-lactam inhibitor combination (J01CR, i.e., amoxicillin/clavulanic acid), hence why it is not
part of the table. During 2006–2013, when seven-level ATC coding was available, in regard to J01CA, >99% was
pivmecillinam and the remaining was amoxicillin; J01XE was nitrofurantoin; J01EA was trimethoprim; J01MA
was ciprofloxacin (62%) and norfloxacin (38%). No sulphonamide antibiotics (J01EB, J01EC, J01ED) or fosfomycin
(J01XX01) were identified. Each patient could only be included once during the study period. Data is from the
Swedish Prescribed Drug Register.

Table 2. The association between history of cervical cancer, parity, and individual sociodemographic
factors and fluoroquinolone treatment (10,684 cases) for uncomplicated cystitis.

Covariates * OR 95% CI p-Value

Gynecological history (ref. no history)
Parity 0.92 0.87 0.96 <0.001
Cervical cancer 0.92 0.83 1.02 0.126

Age (ref. age 45–50 years)
15–24 1.02 0.95 1.09 0.674
25–34 0.88 0.83 0.94 <0.001
35–44 0.95 0.90 1.01 0.082

Educational level (ref. ≥ 12 years)
≤9 1.06 1.00 1.12 0.060
10–11 1.12 1.06 1.18 <0.001

Family income (ref. high)
Low 1.30 1.23 1.38 <0.001
Middle-low 1.19 1.13 1.26 <0.001
Middle-high 1.07 1.01 1.13 0.019

Region of residence (ref. large cities)
Southern Sweden 0.88 0.83 0.92 <0.001
Northern Sweden 0.84 0.78 0.91 <0.001

Country of origin (ref. Sweden)
Eastern Europe 1.05 0.97 1.14 0.246
Western countries 1.21 1.10 1.33 <0.001
Middle East/North Africa 0.94 0.86 1.02 0.112
Africa (excluding North Africa) 1.05 0.92 1.19 0.502
Asia (excluding Middle East) and Oceania 1.25 1.13 1.37 <0.001
Latin America and the Caribbean 1.19 1.04 1.36 0.013

Year of infection (increasing) 0.93 0.92 0.93 <0.001
CI: confidence interval. OR: odds ratio. * Fully adjusted for all covariates. Time period: 2006–2018.

3. Discussion

This study presents diagnosis-linked antibiotic treatment trends for uncomplicated
cystitis on a nationwide level. As expected, pivmecillinam and nitrofurantoin were the
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two most used antibiotics. The annual proportion of these antibiotics increased over
time, as the proportion of trimethoprim and fluoroquinolones decreased. Year of infection
(continuously increasing) was also inversely associated with fluoroquinolone treatment
rates. These trends were in accordance with the national guidelines [21] and the general
trend of UTI antibiotics (not linked to diagnoses) in women in the national surveillance
program over the same time period [25]. Furthermore, annual treatment trends were
comparable to that of smaller local studies [23,24]. The consistencies support our findings,
and altogether this indicates that the national surveillance program of antibiotics [25]
seems to be representative and valid for cystitis. These findings could represent important
information for healthcare planners working on national antibiotic surveillance and for the
clinical implications of these programs for this very common bacterial infection.

Less than six percent of all the antibiotic treatments linked to uncomplicated cystitis
were fluoroquinolones (mainly ciprofloxacin). Factors likely beyond the infection—such as
sociodemographic factors and history of cervical cancer and parity—did not seem to be as-
sociated with fluoroquinolone treatment for uncomplicated cystitis to a high extent. Women
from low family income backgrounds seemed to have received more fluoroquinolone treat-
ments than women of higher socioeconomic status. For country of origin, only MENA
women had lower odds of fluoroquinolone compared to Swedish-born women (although
statistically non-significant), while women from Asia (excluding Middle East) and Oceania,
Western countries, and Latin America and the Caribbean had weak but significantly higher
odds of fluoroquinolone treatment compared to Swedish-born women. The mechanisms
behind these sociodemographic differences in fluoroquinolone treatment of uncomplicated
cystitis, which were similar to the odds for antibiotic treatment in general [4], could, in-
ter alia, be attributed to uncertainty in diagnostic testing [18]. During the last decade, it
has not been recommended to prescribe fluoroquinolones as a first-line prescription for
uncomplicated cystitis [19], as these antibiotics ought to be limited to serious infections
and not uncomplicated cystitis due to concern of worrisome collateral damage and ad-
verse effects associated with these antibiotics [15–20]. If the sociodemographic differences
associated with fluoroquinolones still exist, it would be of particular concern. However,
fluoroquinolones were not included in the recent Swedish guidelines for cystitis [21], and
the prescription of these drugs has in general been drastically declining over the recent
years [25], which was also seen in our study with diagnosis-linked data. Hence, it is
possible that these findings are of more historic relevance in Sweden.

Limitations of this study were that we did not have access to data on the symptoms or
clinical presentation in the patients, nor did we have data on adherence rates. Therefore,
no firm conclusion can be made on whether the differences in fluoroquinolone treatment
could have been due to unequal healthcare (differences in prescription rates) or differences
in adherence (differences in pick-up rates). Further studies could examine possible mecha-
nisms behind the found associations of factors likely beyond the infection and antibiotic
treatments [4]. The main strengths of this study include that this study involved several
highly validated nationwide patient and population data registries including nationwide
primary healthcare data. Previous population-based studies on antibiotic treatments of
primary healthcare infections have, to the best of our knowledge, not included data of
diagnoses linked to antibiotic prescriptions.

Antibiotics are important drugs for patients worldwide [26] and should be given when
needed. However, due to the growing threat of antimicrobial resistance [10,13,14] and
potential severe adverse reactions [15–20], certain drugs, such as fluoroquinolones, ought
to be saved for more serious infections. This study demonstrates that the shift in treatment
recommendations for uncomplicated cystitis seems to have been followed. In addition to
this, the findings support that the national surveillance program of antibiotics, although
lacking the diagnoses linked to the antibiotics, likely is representative, at least for UTI
antibiotics in women. Further population-based diagnosis-linked studies using primary
healthcare data are needed to validate these findings on other infections before a general
conclusion can be made.



Antibiotics 2022, 11, 172 5 of 9

4. Materials and Methods
4.1. Study Design

This was a population-based cohort register study and follow-up to a recent nation-
wide study of ours [4]. The time period was from 1 January 2006 to 31 December 2018. The
study used several national registers together with nationwide primary healthcare data.

4.2. Setting

This research was conducted at the Center for Primary Health Care Research at Lund
University and Region Skåne, Malmö, Sweden. The STROBE statement for cohort studies
was considered when conducting this study and in the writing process [27].

4.3. Study Population

The study population consisted of 352,507 women [4] between the age of 15 and 50
years at the time of being diagnosed with a first event of uncomplicated cystitis during
the study period. The 10th revision of the International Classification of Diseases (ICD-10)
was used to identify the code N30 for acute infective cystitis [5]. Cases with diagnoses not
considered to be in accordance with uncomplicated cystitis were not included in the study:
i.e., ICD-10 codes of N301-304, and N308, or co-morbidities (ICD-10: B20-24, C64-68, D41,
D80-89, E10-11, M623, N03, N07, N11, N13-23, N25-29, N32, Q60-64) diagnosed within
two years prior to the cystitis episode. Women with ongoing pregnancy or treatment
with immunomodulating agents were also not considered [4]. Each woman could only be
included once.

4.4. Outcome Variable

The outcome variable (redeemed antibiotic prescription) was defined as the first
UTI antibiotic redeemed (measured as prescription from a physician dispensed at a phar-
macy) within five days after a diagnosis of uncomplicated cystitis. The outcome is gen-
erally referred to as “antibiotic treatment” in the manuscript. The following antibiotic
groups were assessed based on their ATC code: penicillins with extended
spectrum (J01CA), for example, pivmecillinam; beta-lactam/b-lactam inhibitor combina-
tions (J01CR); cephalosporins (J01DB-E,I); trimethoprim derivatives (J01EA), i.e.,
trimethoprim; sulphonamides/trimethoprim combinations (J01EE), i.e., trimethoprim/
sulphamethoxazole; fluoroquinolones (J01MA), for example ciprofloxacin; and nitrofuran
derivatives, i.e., nitrofurantoin (J01XE). Seven-level ATC codes were available during the
first eight years (2006–2013) of the study. Oral drugs were exclusively assessed. Mono-
sulphonamide antibiotics and fosfomycin were not considered, as these antibiotics were not
widely available in Sweden at the time of the study. We did not consider either antibiotics
that were not recommended [19,21] to be used or generally prescribed for patients with
cystitis (e.g., tetracyclines, macrolides).

4.5. Predictor Variables for Fluoroquinolone Treatment

The predictors investigated were measured at baseline (i.e., time of the cystitis diag-
nosis). Age groups were defined as being between 15–24, 25–34, 35–44, or 45–50 years
of age. Country of origin was categorized as originating from any of the following coun-
tries/regions: Sweden; Eastern European countries; Western countries; Middle East/North
Africa (MENA); Africa (excluding North Africa); Asia (excluding Middle East) and Oceania;
or Latin America/the Caribbean. Countries with geographical proximity and/or cultural
and economic similarities were categorized together. Both first- and second-generation
immigrants were included in country groups other than Sweden. The categories for this
study were based on the definition used in a previous study of ours [5]. Educational level
was classified into three different categories based on the duration of school years attended:
compulsory schooling or less (≤9 years); short or partially completed high school education
(10–11 years); or completed high school education or more, such as university or college
education (≥12 years). For those aged 15–17 years in the youngest age group, the highest
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educational level of the parents was used. Family income was categorized into four groups
based on a weighted average income in each family: low (lowest income quartile of the
study population), middle low/middle high (second/third quartiles), and high (highest
quartile). Region of residence was grouped as large cities, Southern Sweden, and Northern
Sweden. Parity was defined from the Swedish Medical Birth Register and categorized
as no child (nullipara) or at least one child. Cervical cancer (Yes/No) was defined from
the Swedish Cancer Register according to ICD-7 code 171. As the prescription rate of
fluoroquinolone decreased in Sweden [25] during the time period, the year of infection was
included as a continuous (increasing) variable in the analysis.

4.6. Data Sources

This cohort study population was identified through population-based primary health-
care data (1997–2018) accessed from 21 out of 22 administrative regions in Sweden during
the study period. The coverage of these data varied by time and region based on when the
patient records were digitalized. The database included around 72% of the population in
Sweden in 2015 and around 90% of the population at the end of the study. The following
nationwide registers, managed by the National Board of Health and Welfare (in Swedish:
Socialstyrelsen), were used to identify the outcome, parity, cervical cancer, as well as comor-
bidities or other complicating factors not aligned with uncomplicated cystitis: [1,28] the
Swedish Prescribed Drug Register (2005–2018), which contains the specific ATC codes on
redeemed drug prescriptions from all pharmacies in Sweden; the Medical Birth Register
(1973–2018); the National Patient Register (including inpatient (1964–2018) and outpatient
data (2001–2018)); the Cause of Death Register (1961–2018); and the Swedish Cancer Regis-
ter (1958–2018). The Total Population Register (1968–2018) was used to collect data on age,
country of origin, education, income, and region of residence. All linkages between the
individual-level data in the databases were performed using a pseudonymized (encrypted)
version of the unique 10-digit personal identification number (assigned to each person
residing in Sweden during their lifetime).

4.7. Statistical Analysis

Descriptive statistics on the annual treatment trends (redeemed antibiotic prescription
five days after a diagnosis of uncomplicated cystitis) were calculated for each antibiotic
based on the five-level-ATC-code antibiotic group for the whole study period (Table 1).
During the years when seven-level-ATC-code were available, a sub-analysis of specific
antibiotic treatment proportions was conducted (Supplementary Material Table S1). To
test for the association between the predictor variables and fluoroquinolone treatment,
adjusted logistic regression models (Table 2) were used to estimate odds ratios (ORs) and
95% confidence intervals (CIs). The study period started on 1 January 2006 and proceeded
until redeemed antibiotic prescription (within five days), death, emigration, or the end of
the study period on 31 December 2018. Missing values (range 0.0–1.3%) were not excluded.
A two-tailed p-value of <0.05 was used to define statistical significance. SAS version 9.4
(SAS Institute Inc.; Cary, NC, USA) was used for all statistical analyses.

4.8. Ethical Consideration

The present study was a non-intervention nationwide register study of pseudonymized
secondary data obtained from Swedish authorities and was approved by the Ethical Review
Board in Lund. All methods were performed in accordance with the relevant guidelines
and regulations.

4.9. Role of Funding Source

The funding sources of this study were all non-commercial and had no role in the
study design; the collection, analysis, and interpretation of data; the writing of the report;
or the decision to submit the paper for publication.
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5. Conclusions

The treatment trends of antibiotics (for urinary tract infections) redeemed within five
days from a cystitis diagnosis were similar to the national surveillance program of these
antibiotics (not diagnosis linked). The decreasing treatment rate of fluroquinolones over
time was also in accordance with the national surveillance program. This indicates that the
national surveillance program is likely representative and valid in identifying antibiotics
treatments for urinary tract infections. Fluoroquinolone treatment was weakly associated
with some sociodemographic factors and parity, which likely are beyond the infection
but only of historical relevance, as these antibiotics seem to be used less for this infection
in Sweden, in accordance with national guidelines. These findings represent important
new information, particularly for healthcare planners involved with the national antibiotic
surveillance of this very common bacterial infection in women.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/10
.3390/antibiotics11020172/s1, Table S1: Number of specific UTI antibiotics in the four most common
antibiotic treatment groups for uncomplicated cystitis (2006–2013).
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