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ABSTRACT ARTICLE HISTORY
Background: There has been a notable decrease in antibiotic prescribing in the last thirty years Received 19 October
in Sweden. Little is known about factors influencing antibiotic prescribing over several years. 2023

Objective: To compare primary care physicians who, over time, reduced their antibiotic prescribing Accepted 13 March 2024
for respiratory tract infections with those who remained either high or low prescribers regarding KEYWORDS

potentially influencing factors. Antibiotic prescribing;
Design and setting: A register-based study including all RTI visits in primary care in Region diagnosis-linked
Kronoberg, Sweden 2006-2014. The data were divided into three 3-year periods. prescription; infectious

Subjects: The data comprised all physicians who had diagnosed at least one RTI for each of the disease; physicians’
three-year periods. The antibiotic prescribing rate adjusted for the patients’ sex and age group behaviour; point-of-care
was calculated for each physician and period, and based on the change between the first and ~ t©Stn9

the third period, the physicians were divided into three prescriber groups: The High Prescribing

Group, the Decreasing Prescribing Group, and the Low Prescribing Group.

Main outcome measures: For the three prescriber groups, we compared factors influencing

antibiotic prescribing such as the characteristics of the physicians, their use of point-of-care tests,

their choice of diagnoses, and whether the patients returned and received antibiotics.

Results: The High Prescribing Group ordered more point-of-care tests, registered more potential

bacterial diagnoses, prescribed antibiotics at lower C-reactive protein levels, and prescribed

antibiotics more often despite negative group A Streptococci test than in the Low Prescribing

Group. The Decreasing Prescribing Group was between the High Prescribing Group and the Low

Prescribing Group regarding these variables. The lower prescription rate in the Low Prescribing

Group did not result in more return visits or new antibiotic prescriptions within 30days.

Conclusion: Point-of-care testing and its interpretation differed between the prescriber groups.

Focus on interpreting point-of-care test results could be a way forward in antibiotic stewardship.

KEY POINTS

« High prescribers used antibiotics at lower CRP levels and were more likely to identify a
potential bacterial diagnosis.

« Many physicians reduced their antibiotic prescribing during the study period. Nine out of ten
low prescribers remained low prescribers.

«  Seeing a low-prescribing physician did not lead to more return visits or antibiotic changes.

Introduction factor in limiting antibiotic resistance [2]. However,

Since antimicrobial resistance is a severe threat to there s still a considerable variation between physi-

global public health, the World Health Organization
adopted in 2015 a global action plan [1]. The reduc- for infections in primary care, indicating that the opti-
tion of over-prescribing of antibiotics is an important mal level is not yet reached [3-7].

cians, regions, and countries in the use of antibiotics
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High antibiotic prescribing has been associated with
older physicians, higher patient volume, and longer
time in practice [8-11]. High antibiotic prescribing fre-
quency has also been associated with rural primary
health care centres [11] and areas with low socioeco-
nomic status [12]. However, these factors have limited
explanatory power. Therefore, other factors such as
diagnostic uncertainty, perceived severity of the illness,
patients’ expectations, physicians’ perceptions of
patients’ expectations, and communication skills have
been suggested [13]. Nonetheless, the reasons for dif-
ferent antibiotic prescribing habits amongst physicians
are unclear.

In the last three decades, there has been a decrease
in antibiotic prescribing in Swedish primary care, espe-
cially for respiratory tract infections (RTI) and for children
[7]. Antibiotic stewardship, pneumococcal conjugate vac-
cination, and public awareness are possible explanations
[14,15]. It is unknown whether there is an even reduction
in antibiotic prescribing in primary care among all physi-
cians or if only some physicians have reduced their
prescribing.

Most studies on antibiotic prescribing have been
either cross-sectional or qualitative [13]. No study has,
over time, compared physicians who reduce their pre-
scribing of antibiotics to those who stay high prescrib-
ers. Understanding why some physicians continue to be
high prescribers could facilitate future interventions.

The aim was to compare primary care physicians
who, over time, reduced their antibiotic prescribing for
respiratory tract infections with those who remained
either high or low prescribers regarding potentially
influencing factors. Primarily, factors influencing antibi-
otic prescribing rates were investigated such as physi-
cians' characteristics, the use of point-of-care tests and
the choice of diagnoses. Secondly, the consequences
of the different antibiotic prescribing rates were inves-
tigated, including return visit rate and renewed antibi-
otic prescribing.

Materials and methods

The data in the present study have been extracted
from a larger dataset, the Kronoberg Infection Database
of Primary Care (KIDPC) [14]. In summary, the KIDPC
dataset features all infection visits and all antibiotic
treatments in primary care at 33 primary health care
centres (PHCCs) and three out-of-hours offices in
Kronoberg Region, Sweden, 2006-2014. During each
visit, the physicians must register at least one diagnos-
tic code according to the 10th revision of the
International Statistical Classification of Diseases and
Related Health Problems (ICD-10) or its modified

Swedish PHC edition (KSH97-P). RTls consist of the fol-
lowing diagnosis groups: acute bronchitis, acute media
otitis, exacerbation of COPD, influenza, pharyngotonsil-
litis, pneumonia, sinusitis, upper RTIl, and other RTIs
(Supplemental Table 1). Antibiotic prescriptions were
identified according to Anatomical Therapeutic
Chemical Classification (ATC) code group JO1, which
includes all oral and parenteral antibiotics but not
antibiotics in ointments or eye drops. Antibiotic pre-
scriptions were included if linked to RTI diagnoses, i.e.
if prescribed on the same day and at the same PHCC.
The data in the KIDPC were extracted from the elec-
tronic medical records in Kronoberg County (Cambio
Cosmic software, Cambio Healthcare Systems AB,
Linkdping, Sweden) on one occasion in 2015 using
Business Objects (SAP AG, Walldorf, Germany).

In the present study, data on RTI visits were
extracted from the KIDPC database, including informa-
tion about the patient (age, sex), the physician (age,
sex, training level), the PHCC, the investigations
(C-reactive protein (CRP) test and rapid antigen detec-
tion test (RADT) for Group A Streptococci (GAS)), and
the antibiotic treatment.

The data were divided into three 3-year periods. All
166 physicians who had diagnosed at least one RTI
during each of the three periods were identified. On
the other hand, 847 physicians had not been active
during all three periods and were excluded at this
stage. These were locums, interns not continuing in
family medicine, and physicians who moved or retired.

The antibiotic prescribing rate was defined as the
number of antibiotic prescriptions at RTI visits divided
by the number of RTI visits. The antibiotic prescribing
rates for RTIs per 3-year period were calculated for
each physician and were adjusted for the patients’ sex
and age group.

The physicians were divided into prescriber groups
in three steps. Firstly, they were classified into three
equal levels based on their antibiotic prescribing rate
during the first period, 2006-2008. Low-level prescrib-
ers were defined as having an antibiotic prescribing
rate below 40%, medium-level prescribers as having
an antibiotic prescribing rate between 40 and 48%,
and high-level prescribers as having an antibiotic pre-
scribing rate over 48%. Secondly, during the third
period, 2012-2014, the physicians were again divided
into three levels using the same cut-offs.

Finally, in the third step, three prescriber groups
were identified: The High Prescribing Group (consisting
of high- or medium-level prescribers during both the
first and the third period), the Decreasing Prescribing
Group (consisting of high- or medium-level prescribers
during the first period who transitioned to low-level
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prescribers during the third period), the Low Prescribing
Group (consisting of low-level prescribers during both
the first and the third period). Five physicians who
were low-level prescribers during the first period and
were medium- or high-level prescribers during the
third period were excluded from further analyses as
they did not fit in with the predefined prescriber
groups (Figure 1).

The remaining 161 physicians were included and had
263,000 RTI visits, corresponding to 66% of all RTI visits
in the region. In all, they had prescribed 108,000 antibi-
otic prescriptions at RTI visits, corresponding to 66% of
all RTI antibiotic prescriptions in the region (Table 1).
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The following characteristics of the physicians were
used in the analyses: sex, birthyear, training level (spe-
cialist in family medicine during 0%, 1-49%, 50-99%
or 100% of the infection visits), continuity (number of
PHCC at which each physician has worked), out-of-
hours rate (out-of-hours visits per total number of vis-
its per physician), and activity level (total number of
RTI visits).

An RTI visit was defined as an index visit if there
was no RTI visit in the previous 30days. A return visit
was defined as an RTI visit within 1-30days of an ear-
lier RTI visit. Antibiotics at return visits were defined if
antibiotics were prescribed at a return visit within

Figure 1. Flow chart showing the inclusion process and division into prescriber groups based on change of antibiotic prescription
rate for respiratory tract infections (RTI) between the first period 2006-2009 and the third period 2012-2014.
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Table 1. Background information on primary care physicians, respiratory tract infections, and antibiotic prescriptions for included

and excluded physicians during the study period 2006-2014.

Physicians
Included Excluded
n=161 n=2852
Physicians n (%) n (%)
Sex Female 63 (39) 169 (20)
Male 88 (55) 194 (23)
Unknown 10 (6) 489 (57)
Birth year <1940s 34 (21) 43 (5)
1950s 45 (28) 43 (5)
1960s 45 (28) 65 (8)
1970s 24 (15) 88 (10)
>1980s 3(2) 124 (15)
Unknown 10 (6) 489 (57)
Training level
Specialist in family medicine during 100% of visits 70 (43) 273 (32)
50 to <100% of visits 41 (25) 38 (4)
1 to <50% of visits 30 (19) 32 (4)
Junior physician or other specialist 20 (12) 509 (60)
Continuity — number of primary health care centres at which 1 28 (17) 564 (66)
each physician has worked 2 43 (27) 186 (22)
3-4 50 (31) 80 (9)
5+ 40 (25) 22 3)
Respiratory tract infections n (% of RTI visits) n (% of RTI visits)
Total visits 262,503 (100) 135,291 (100)
QOut-of-hours visits 40,431 (15) 11,757 (9)
Index visits 220,979 (83) 114,469 (87)
Antibiotic prescriptions 107,767 (41) 56,509 (42)
Antibiotic prescriptions at index visits 91,859 (35) 48,463 (37)
Point-of-care testing for respiratory tract infections
C-reactive protein test 104,361 (40) 60,665 (45)
Rapid antigen detection test for Group A Streptococci 50,253 (19) 33,584 (25)
Number of respiratory tract infections visits per physician
RTI visits, n RTI visits, n
10th percentile 259 6
median 1630 52
90th percentile 2925 406

RTI: respiratory tract infection.

30days of an index visit. These measures were linked
to the physician of the index visit. The use and result
of point-of-care tests (CRP and RADT) and diagnoses
at index visits were also measured. These measures are
reported in two ways: (1) numbers per index visits per
prescriber group (group level), and (2) numbers per
physician per prescriber group (physician level). In the
latter case, the data were divided into quartiles.
Continuous variables with non-normal distribution
were presented as medians (interquartile range, IQR),
and the Median test was used to compare medians
across groups. Continuous variables with normal dis-
tribution were presented as means with standard
deviation (SD), proportions and rates per physician.
The characteristics of the physicians, investigations,
diagnoses, treatment, and follow-up were analysed at
the group level using Pearson’s x? test to compare
groups and Cramer’s V to measure the effect size. At
the physician level, the data were divided into quar-
tiles and the prescriber groups were compared using
Pearson’s x? test. If the comparisons of the three pre-
scriber groups were statistically significant, pairwise

comparisons were conducted using Bonferroni correc-
tion (multiplying p values with three) to account for
multiple analyses. To compare the High Prescribing
Group with the Decreasing Prescribing Group, multi-
ple logistic regression with a full model was per-
formed using background factors (physicians’ sex and
birth year) and selected variables that were significant
in a univariate logistic regression as independent vari-
ables. All statistical analyses were performed using
IBM SPSS Statistics (version 27). p Values <0.05 were
considered significant.

Results
General development

There was a general reduction in antibiotic prescribing
for RTI per physician. The mean adjusted antibiotic
prescribing rate for RTl per physician decreased from
45% (SD 16%) during the first period to 35% (SD 13%)
during the third period. When comparing the first and
third periods 84% (139/166) of the prescribers



decreased their antibiotic prescribing rate. The
Decreasing Prescribing Group consisted of 62%
(68/109) of the medium- and high-level prescribers
during the first period that became low-level prescrib-
ers in the third period. The High Prescribing Group
consisted of 38% (41/109) of the medium- and
high-level prescribers during the first period who
remained medium- or high-level prescribers in the
third period. Finally, the Low Prescribing Group con-
sisted of 91% (52/57) of the low-level prescribers
during the first period who remained low-level pre-
scribers in the third period, and 9% (5/57) of the
low-level prescribers during the first period became
medium- or high-level prescribers in the third period
and were excluded from further analyses. See Figure 1.

Characteristics of physician

The only significant difference when comparing the
three prescriber groups was the number of RTI visits,
where a lower frequency was more common in the
Low Prescribing Group. No significant differences were
found in physicians’ sex, birth year, training level, con-
tinuity, and out-of-hours work (Table 2).
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Point-of-care testing

All the analyses of point-of-care testing were limited
to index visits.

At the group level, CRP tests were analysed in 36%
of the index visits in the Low Prescribing Group, 39%
in the Decreasing Prescribing Group, and 44% in the
High Prescribing Group (p<0.001, Cramer’s V 0.06).
Between the first and the third period the CRP test
use increased from 37 to 43% of the index visits, and
the increase was observed in all three prescriber
groups. The median CRP values for all CRP tests were
the same (10mg/L) for the three prescriber groups
(p=0.073), but when antibiotics were prescribed the
median CRP values differed: 45mg/L (IQR 15-82) in
the Low Prescribing Group, 33mg/L (IQR 10-67) in the
Decreasing Prescribing Group, and 23mg/L (IQR 6-53)
in the High Prescribing Group (p<0.001). The result
was similar although not significant when limiting to
index visits with a diagnosis of pneumonia.

Rapid antigen detection test (RADT) for Group A
Streptococci (GAS) was used in 20% of the index visits
at the group level. The RADT use (tests per index visit)
was 16% in the Low Prescribing Group, 19% in the
Decreasing Prescribing Group, and 26% in the High

Table 2. Comparison of characteristics of the primary care physicians in the prescriber groups (the Low Prescribing Group, the

Decreasing Prescribing Group, and the High Prescribing Group).

Prescriber groups

Decreasing High Prescribing
Low Prescribing Group Prescribing Group Group p-Value
Primary care physicians’ characteristics n (%) n (%) n (%)
Physicians’ sex Female 16 (36) 31 (46) 16 (41) 0.53
Male 29 (64) 36 (54) 23 (59)
Physicians’ birth year <1940s 13 (29) 12 (18) 9 (23) 0.28
1950s 9 (20) 26 (39) 10 (26)
1960s 13 (29) 17 (25) 15 (38)
>1970s 10 (22) 12 (18) 5(13)
Training Level
Specialist in Family Medicine 100% of visits (38) 36 (53) 14 (34) 0.24
50 to <100% of 14 (27) 15 (22) 12 (29)
visits
1 to <50% of 8 (15) 11 (16) 11 (27)
visits
Junior physician or other specialist 10 (19) 6 (9) 4 (10)
Physicians’ continuity — number of primary 1 12 (23) 10 (15) 6 (15) 0.3
health care centres at which each 2 16 (31 21 (31) 6 (15)
physician has worked
3-4 14 (27) 23 (34) 13 (32)
>5 10 (19) 14 (21) 16 (39)
Physicians’ out-of-hours rate — Out-of-hours 0% 13 (25) 5(7) 7 (17) 0.084
visits per total number of visits per 0.1 to <10% 13 (25) 16 (24) 13 (32)
physician 10 to <20% 19 (37) 32 (47) 11 (27)
>20% 7 (13) 15 (22) 10 (24)
Physicians’ activity level - number of <900 23 (44) 9 (13) 8 (20) 0.006"
respiratory tract infection visits in total 901-1600 8 (15) 19 (28) 12 (29)
per physician
1601-2300 14 (27) 20 (29) 12 (29)
>2300 7 (13) 20 (29) 9 (22)

The variables are based on data for all nine years and assigned to the physician of the index visit.
*The comparison between the Low Prescribing Group and the Decreasing Prescribing Group was significant at p<0.001. No other pairwise comparison

was significant.
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Prescribing Group. 95% of cases with positive RADT
received antibiotics (p<0.001, Cramer’s V 0.09).
Between the first and the third period, the use of
RADT increased from 20 to 21% during the index vis-
its, where the increase was observed in the High
Prescribing Group but not in the Low Prescribing
Group. Patients with a negative RADT also received
antibiotics in some cases: 15% of cases with negative
RADT in the Low Prescribing Group, 22% in the
Decreasing Prescribing Group, and 35% in the High
Prescribing Group (p<0.001, Cramer’s V 0.175). The
result was also significant when limiting to index visits,
resulting in a diagnosis of pharyngotonsillitis.

Diagnoses

At the group level, the diagnosis code for upper RTI
was selected for index visits in 46% of the Low
Prescribing Group, 38% in the Decreasing Prescribing
Group, and 29% in the High Prescribing Group
(p<0.001, Cramer’s V 0.13). Between the first and the
third period, the diagnosis of upper RTI increased from
37 to 38% of the index visits. There was an increase in
the Decreasing Prescribing Group (from 37 to 38%) and
the High Prescribing Group (from 27 to 31%) but a
reduction in the Low Prescribing Group (from 48 to
44%). An opposite pattern was seen for pharyngoton-
sillitis, acute media otitis and sinusitis where the diag-
noses were more frequent in the High Prescribing
Group (Supplemental Table 2).

Follow-up

Return visits within 30days occurred in 14% of the
Low Prescribing Group, 14% in the Decreasing
Prescribing Group, and 15% in the High Prescribing
Group (p<0.001, Cramer’s V 0.009). If antibiotics were
prescribed at the index visit, return visits occurred in
16% of index visits in all prescriber groups (p=0.64).

Antibiotics were prescribed a second time within
30days in 6.0% of the index visits in the Low
Prescribing Group, 6.1% in the Decreasing Prescribing
Group, and 6.6% in the High Prescribing Group
(p<0.001, Cramer’'s V 0.01). If antibiotics were pre-
scribed at the index visit, there was no difference in
the proportion of second antibiotic prescriptions
between the prescriber groups (p=0.40).

Comparison at the physician level

The use and result of different tests, the selection of
diagnoses, and the rate of return visits and antibiotics

within 30days are shown per physician per prescriber
group in Table 3. Compared with the group level the
pattern was similar. Prescribers belonging to the High
Prescribing Group used antibiotics at lower median CRP
values and treated more patients with negative RADT
for GAS with antibiotics. They were also more likely to
select a diagnosis with potential bacterial aetiology. The
Decreasing Prescribing Group had a lower return visit
rate within 30days compared to the High Prescribing
Group. The antibiotic prescribing rate at return visits
within 30days was similar between the groups.

Comparison of the Decreasing Prescribing Group
and the High Prescribing Group

To study factors of importance for belonging to the
Decreasing Prescribing Group compared to the High
Prescribing Group we included in a multiple regression
model the physicians’ age, sex, and continuity, as well as
the variables that emerged as significant in the groupwise
comparison. Odds ratios for belonging to the High
Prescribing Group compared to the Decreasing Prescribing
Group (index group) were analysed. Two variables
remained significant in the adjusted model: Physicians in
the High Prescribing Group were more likely to select a
diagnosis with potential bacterial aetiology and to pre-
scribe antibiotics to patients with negative RADT for GAS
(Table 4). A sensitivity analysis where physicians with less
than 50 RTI visits were omitted showed similar results.

Discussion

This register-based study showed differences between
the prescriber groups regarding the use and interpreta-
tion of point-of-care tests and the likelihood of register-
ing a diagnosis with potential bacterial aetiology.
Compared to the Low Prescribing Group, the High
Prescribing Group ordered more CRP testing, prescribed
antibiotics at lower CRP levels, ordered more RADT for
GAS, and prescribed antibiotics more often when neg-
ative RADT. Also, the High Prescribing Group was more
prone to register a diagnosis with potential bacterial
aetiology than the Low Prescribing Group. Regarding
these parameters, the Decreasing Prescribing Group
was between the High and the Low Prescribing Group.

The lower antibiotic prescribing rate at index visits
in the Low Prescribing Group did not result in more
return visits or antibiotic prescriptions within 30days.
There were no differences in physicians’ characteris-
tics between the prescriber groups besides that hav-
ing few RTI visits was more common in the Low
Prescribing Group.
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Table 3. Comparison of the prescriber groups (the Low Prescribing Group, the Decreasing Prescribing Group, and the High
Prescribing Group) by physicians’ use of point-of-care tests, their choice of diagnosis, and how often the patients returned and

received antibiotics.

Prescriber groups p-Value
Low Decreasing High Low vs. Decreasing
Prescribing  Prescribing  Prescribing Decreasing vs. High Low vs. High
Group Group Group Prescribing  Prescribing Prescribing
n (%) n (%) n (%) All Group? Group? Group?
CRP test use at index visits (% of <26% 17 (33) 17 (25) 7 (17) 0.463
index visits) 26 to <40.2% 12 (23) 19 (28) 9 (22)
40.2 to <52.7% 9 (17) 17 (25) 14 (34)
>52.7% 14 (27) 15 (22) 11 (27)
Median CRP test result at index <9.5 14 (27) 22 (32) 14 (34) 0.881
visits per physician (mg/L) 95-115 17 (33) 25 (37) 16 (39)
12 6 (12) 7 (10) 4 (10)
>13 15 (29) 14 (21) 7 (17)
Median CRP test result at index <24 6 (12) 14 (21) 22 (54) <0.001 0.022 0.001 <0.001
visits per physician where 24-36 6 (12) 20 (29) 14 (34)
antibiotics were prescribed 37-46 17 (33) 21 (31) 3(7)
(mg/L) >46.5 23 (44) 13 (19) 2 (5)
Median CRP test result at index <59 11 (22) 12 (18) 17 (42) 0.059
visits with pneumonia where 59-75 10 (20) 19 (28) 10 (25)
antibiotics were prescribed per 75.5-96.5 16 (32) 19 (28) 4 (10)
physician (mg/L) >97 13 (26) 17 (25) 9 (22)
RADT use for GAS at index visits <13% 19 (37) 18 (26) 4 (10) 0.001 1.000 0.021 0.001
13 to <19% 11 (21) 19 (28) 10 (24)
19 to <25.9% 15 (29) 18 (26) 7(17)
>25.9% 7 (13) 13 (15) 20 (49)
Negative RADT result for GAS at <23% 20 (38) 19 (28) 2 (5) <0.001 1.000 <0.001 <0.001
index visits where antibiotics 23 to <34% 15 (29) 19 (28) 5(12)
were prescribed (% of tested) 34 to <48% 9(17) 20 (29) 12 (29)
>48% 8 (15) 10 (15) 22 (54)
Negative RADT result for GAS at <11% 22 (42) 13 (19) 5(11) 0.001 0.153 0.099 0.003
index visits with 11 to <23% 13 (25) 22 (32) 5(11)
pharyngotonsillitis where 23 to <33% 9(17) 18 (26) 17 (39)
antibiotics were prescribed (% of >33 8 (15) 15 (22) 17 (39)
tested)
The likelihood of selecting a <33% 27 (52) 18) 2 (5) <0.001 <0.001 <0.001 <0.001
diagnosis with potential bacterial 33.0 to <37.3% 17 (33) 22 (32) 1(2)
aetiology® (% of index visits) 37.3 to <43.5% 4 (8) 27 (40) 9 (22)
>43.5% 4 (8) 7 (10) 29 (71)
Return visits within 30days (% of <13.0% 15 (29) 15 (22) 11 (27) 0.029 0.696 0.015 1.000
index visits) 13.0 to <143% 13 (25) 19 (28) 7 (17)
143 to <153% 11 (21) 24 (35) 6 (15)
>15.3% 13 (25) 10 (15) 17 (41)
Antibiotics at return visits within <5.4% 15 (29) 16 (24) 10 (24) 0.419
30days (% of index visits) 5.4 to <6.1% 10 (19) 22 (32) 8 (20)
6.1 to <6.8% 16 (31) 15 (22) 9 (22)
>6.8% 11 (21) 15 (22) 14 (34)

The variables are based on data for all nine years and assigned to the physician of the index visit. The variables are divided into quartiles.
CRP: C-reactive protein; GAS: Group A Streptococci; RADT: rapid antigen detection test.

2p-Value adjusted for pairwise comparison with Bonferroni correction by multiplying with three.

bDiagnoses with potential bacterial aetiology: acute media otitis, pharyngotonsillitis, pneumonia, and sinusitis.

Strengths

The physicians were followed up for nine years at indi-
vidual and group levels. During the study period, the
same electronic medical record system was used in all
the PHCGs in the region, including out-of-hours offices.
The dataset is, therefore, comprehensive for primary
care in the region. The study was performed before
the development of telehealth services, which means
that the risk of missing visits made in other regions via
telehealth services is low. It would be difficult to repli-
cate the study today. 78% of all antibiotic prescriptions
were linkable to an infection diagnosis, which is a high
level compared to a study from England [14,16].

Limitations

Other models could have been chosen to divide the
physicians into groups. However, the aim was to study
physicians who reduced their antibiotic prescribing
rate. Thirteen physicians had less than ten RTI visits in
either the first or the third period which makes the
antibiotic prescribing rate inexact (Four physicians
had less than five RTI visits in either period).
Information regarding age and sex is missing for a
few physicians, and this could affect the absence of
differences. Possible confounders such as the patients’
comorbidity, and smoking habits are missing in this
dataset. Some prescriptions were missing due to
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Table 4. Association between physician characteristics and
belonging to the high prescribing group as compared to the
decreasing prescribing group.

Crude model Adjusted model
OR 95% Cl OR 95% Cl
Male 1.24 0.56-2.75 0.53 0.11-2.48
Birth year 099  0.96-1.03 096  0.89-1.03
Number of PHCC 1.28 1.06-1.54 1.20 0.86-1.66
Median CRP level if 092  0.88-0.96 099  0.93-1.06
antibiotics (mg/L)
Negative RADT treated with 1.08 1.04-1.11 1.08  1.02-1.14
antibiotics (%)
Potential bacterial diagnoses  1.31 1.18-1.46 1.32 1.15-1.52

(% of index visits)

The variables are based on data for all nine years and assigned to the
physician of the index visit. Crude and adjusted odds ratio (ORs) with 95%
confidence intervals (95% Cl). Adjusted ORs were calculated using multi-
ple logistic regressions with a full model.

Number of PHCC - the number of primary health care centres the physi-
cian has worked at. Median CRP level if antibiotics — the median C-reactive
protein level for the physicians’ patients at index visits who were pre-
scribed antibiotics. Negative RADT treated with antibiotics — the propor-
tion of patients where rapid antigen detection test for Group A
Streptococci was performed with negative results and still prescribed
antibiotics. Potential bacterial diagnoses — acute media otitis, pharyngot-
onsillitis, pneumonia, and sinusitis.

being prescribed in a dose-dispensing system without
connection to the electronic medical records, which
mainly affects prescriptions to some elderly patients
(75years and older).

The dataset was collected prior to the introduction
of telehealth medicine and before the onset of the
COVID-19 pandemic, which may limit its relevance to
current healthcare practices. However, concerning
factors that influence the physicians’ antibiotic pre-
scribing, we believe that this study is still relevant,
since the differences between prescriber groups, the
choices of point-of-care use and its interpretation as
well as the choice of diagnosis are not likely to be
affected by telehealth services or post-pandemic
healthcare.

Furthermore, the study included only 161 physicians
from one region in Sweden with less than 200,000
inhabitants, thus lessening the generalizability of the
results. However, these physicians who remained in the
region and did not retire took care of two-thirds of all
RTI visits. Also, a reduction in antibiotic prescribing has
been seen in the whole country during the study years.
Therefore, it would be reasonable to generalise to the
rest of Sweden and to other low-prescribing countries.

A general decrease in antibiotic prescribing

The reduction in antibiotic prescribing in the study was
similar throughout Sweden [7] and in other countries
such as Norway [17], Finland [18], England [19] and
Denmark [20] during the same period, but not in

Australia [21]. Possible explanations include introducing
the pneumococcal vaccination programme for children
in 2009, financial incentives for reaching targets at
regional and PHCC level of reduced level of antibiotic
prescriptions, public awareness of the disadvantages of
antibiotics, and antibiotic stewardship. The programme
Strama for national antibiotic stewardship has been
running since 1995 with a wide range of actions: com-
mitted work at the local and national levels, monitoring
antibiotic use, surveillance of resistance, raising aware-
ness and behavioural change [15]. Consequently, the
Decreasing Prescribing Group in this study was large.

Characteristics of prescribers

Physicians with few RTI visits were more likely to
belong to the Low Prescribing Group. The reason is
unclear. They may have a patient population with a
higher prevalence of chronic diseases and a lower inci-
dence of acute infections. Alternatively, it might be
attributed to random chance.

Physicians’ age did not affect the antibiotic prescrib-
ing rate in this study. However, an earlier study from
Sweden has shown that older physicians are more
prone to antibiotic prescribing [22], and a similar pat-
tern has been reported in Canada, England, Germany,
and the Netherlands [11,23-25]. Since only a few phy-
sicians increased their antibiotic prescribing over time,
they seem more likely to maintain their prescribing
pattern with increasing age. Perhaps the higher pre-
scribing rate seen among older physicians in other
studies reflects a higher general prescribing rate when
the physicians were younger.

Locum physicians have sometimes been identified as
high prescribers [26]. In this study, the locums belong
to the exclusion group, which had the same antibiotic
prescribing rate as the included physicians. Some stud-
ies have reported more high prescribers among physi-
cians trained abroad [23,24]. Unfortunately, this study
lacks information about the education country.

Point-of-care tests

Although significantly different at the group level, the
use of CRP test was not significantly different at the
physician level amongst the prescriber groups. The use
of RADT was more common in the High Prescribing
Group than in the other prescriber groups both at
group level and physician level. Also, the High
Prescribing Group used antibiotics at lower CRP levels
and more often when RADT was negative. It is unclear
whether point-of-care tests decrease or increase antibi-
otic prescribing. In this study, the use of CRP testing



was increasing while the antibiotic prescribing was
decreasing. A similar pattern was seen in a Danish
study of primary care [27]. A Cochrane review shows
that CRP testing for acute respiratory tract infections
reduces antibiotic prescribing [28]. Other studies show
that RADT testing for GAS increases antibiotic prescrib-
ing [6,29,30].

It can be argued that the lower median CRP levels
and the higher incidence of negative RADT observed
in the High Prescribing Group when prescribing antibi-
otics may represent circular evidence. Assuming the
patient populations are similar, this will follow if more
antibiotics are prescribed. However, focusing on inter-
preting point-of-care results could be a way forward in
antibiotic stewardship.

Choice of diagnoses

In a Swedish context, the diagnosis ‘Upper RTI" is con-
sidered to be of viral origin. Physicians in the Low
Prescribing Group were more likely to diagnose upper
RTI, while physicians in the High Prescribing Group
were more likely to register a diagnosis with potential
bacterial aetiology. The same pattern is seen in several
other studies where the proportion of potential bacte-
rial diagnoses corresponds to the antibiotic prescribing
rate [11,31,32]. The assumption is that an infection is
assigned a potential bacterial diagnosis to justify the
use of antibiotics.

Follow-up

Earlier studies have reported a rate of 27-38% of
return visits within a month. Some have shown a
higher rate of return visits if antibiotics were pre-
scribed at the index visit, and others have shown the
opposite [33-35]. The rate of return visits was gener-
ally lower (14%) in the current study. The low rate of
return visits is probably due to generally fewer consul-
tations per inhabitant. There is a small statistical differ-
ence in return visits amongst the prescriber groups,
but the effect size is small, and the difference is clini-
cally irrelevant. When comparing at the physician level,
the only difference was a lower return visit rate in the
Decreasing Prescribing Group compared to the High
Prescribing Group.

The proportion of a second antibiotic prescription
within 30days was statistically significant between the
prescriber groups, but again the effect size was small,
and the difference lacks clinical significance. When
comparing at the physician level no significance
was seen.
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Other explanations

Generally, the physician is considered solely responsi-
ble for prescribing antibiotics, but other factors such
as the impact of the PHCCs and patients’ expectations
are relevant [11,13,36]. These factors have not been
explored in this study.

Qualitative studies have identified several potential
factors. A study of sore throat identified different strat-
egies for physicians to cope with uncertainty: adher-
ence to guidelines; clinical picture and CRP; expanded
control; and unstructured examination [37]. In a study
of lower RTI, physicians mentioned that fear of conse-
quences was a reason for antibiotics [38]. In a recent
study on acute sinusitis, physicians mentioned sympa-
thy with the patient, contextual factors such as Fridays
with limited possibility to follow-up, and the patient’s
appearance and level of pain [39].

Physicians’ choice to prescribe antibiotics may be
motivated by special circumstances (no possibility of
follow-up; previous severe infections; close relation to
an immunocompromised patient; or concurrent severe
diseases). Perhaps physicians in the High Prescribing
Group were more likely to identify special circum-
stances that motivated them to prescribe antibiotics.

Implications

The study highlights potential factors to address
regarding high antibiotic prescribers, such as the ten-
dency to overuse point-of-care tests and the quality of
the interpretation of tests. Furthermore, the result
emphasises the importance of correct diagnosis to
maintain high quality in antibiotic prescribing. The
results could be useful in quality improvement in pri-
mary care, focusing on information, continuous medi-
cal education on indications, usefulness and
interpretation of the point-of-care tests.

Conclusion

The use and interpretation of point-of-care testing
were different amongst the prescriber groups. The
High Prescribing Group did more CRP testing, pre-
scribed antibiotics at lower CRP levels, performed more
RADT for GAS, prescribed antibiotics more often
although negative RADT, and were more prone to reg-
ister a diagnosis with potential bacterial aetiology than
the Low Prescribing Group. The Decreasing Prescribing
Group was in between the High Prescribing Group and
the Low Prescribing Group regarding these variables.
There was no clinically relevant difference in the pro-
portions of return visits and new prescriptions of
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antibiotics within 30days in the three prescriber
groups. According to our results, focusing on the use
and interpretation of point-of-care tests is a possible
way to improve antibiotic stewardship.
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