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Abstract
Objective. Inappropriate use of antibiotics is associated with increased antibiotic resistance in the community. About 90% 
of all antibiotic prescriptions in Norway are issued by general practitioners and in 60% issued for respiratory tract infections. 
The article describes and analyses antibiotic prescription patterns by general practitioners in Vestfold, Norway. Design. Pro-
spective cohort study. Subjects. A total of 145 list-holding general practitioners in Vestfold, Norway in February to March 
2003. Methods. Merging of two electronic administrative data sets: antibiotic prescriptions dispensed in pharmacies and 
general practitioners’ electronic bills from the National Insurance Agency. Main outcome measures. Proportion and type of 
antibiotic prescribed for different respiratory tract infectious diagnoses. Results. We found large variations among general 
practitioners’ antibiotic prescription habits. In 27% of consultations with RTI diagnoses, an antibiotic was prescribed; 37% 
were for Penicillin V and 28% for a macrolide. Quinolones and cephalosporins were only rarely prescribed. In a logistic 
regression analysis the following factors were independently associated with antibiotic prescription rate: type of infection, 
type of contact, being a general practitioner specialist, and years since medical exam. In another logistic regression analy-
sis the following factors were independently associated with broad-spectrum antibiotic prescription: type of infection, age 
of patient, type of contact, being a specialist, length of list, and being a high prescriber of antibiotics. Conclusion. The
variation in proportion of total antibiotic prescribing and broad-spectrum prescription for respiratory tract infections is 
high, and reveals potentials to change general practitioners’ prescription behaviour, in order to maintain the positive situ-
ation in Norway as to antibiotic resistance.
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Inappropriate use of antibiotics is of great public 
health concern because of its association with 
increased antibiotic resistance in the community [1]. 
Bacterial strains that are increasingly resistant to 
antimicrobial agents pose a severe health threat, 
and of particular concern is community-acquired 
infections caused by multi-drug-resistant Strepto-
coccus pneumoniae [2,3], macrolide-resistant Strepto-
coccus pyogenes [4–6], and methicillin-resistant 
Staphylococcus aureus [7,8]. 

Low levels of antimicrobial resistance in Scandi-
navian countries are probably due to relatively con-
servative antimicrobial prescribing practice, compared 
with southern Europe and the USA [9]. In Norway, 
the vast majority of all antibiotic prescriptions (90%) 

are issued by general practitioners (GPs). About 60% 
of these are prescribed for common respiratory tract 
infections (RTIs) [10]. In a general practice survey 
from another Norwegian county [10], the authors 
found that antibiotics often were prescribed for prob-
able viral infections, e.g. acute bronchitis. In a Dutch 
study Kuyvenhoven et al. found that antibiotic pre-
scription for RTI was associated only with number of 
years in practice and doctor’s general attitude towards 
prescribing [11]. An Italian study found that geo-
graphical location and number of patients under care 
was associated [12]. In the USA, Gonzales found that 
female patient gender and rural practice were associ-
ated with more antibiotic prescribing [5]. Another
American study showed that type of specialty and 
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database from the pharmacies were merged. From 
these two sources it is possible not only to analyse 
the total use of antibiotics in the county, but also to 
relate the dispensed antibiotics to the diagnoses set 
at preceding contacts with the general practitioners.

Merging pharmacies’ dispensing data for pre-
scription drugs with the contact data was done by 
using patient’s date of birth (PID), doctor’s identity 
(DID) code from the National Registry of Health 
Professionals (NRAH), and dates for encounters and 
dispensing. Each prescription with information on 
PID and DID was checked against corresponding 
contact records. A GP–patient contact with matching 
PID and DID occurring 0–7 days before antibiotic 
delivery was considered to be the contact leading to 
prescription. If two or more contacts within the 
period matched the criteria, the one closest in time 
was selected.

During the two months 11 400 antibiotic pre-
scriptions were issued by the GPs in the county. 
About 3000 (26%) antibiotic prescriptions (phar-
macy data) did not match preceding general practice 
encounters (NIA data). They represent prescriptions 
made by seven list-holding doctors who did not use 
electronic data handling plus prescriptions following 
patient encounters that took place in emergency 
rooms which were not included in our data fi le.

We included all R-code diagnoses in the Interna-
tional Classifi cation of Primary Care (ICPC) except 
R96 (asthma) and R97 (allergic rhinitis) which we 
consider not to be relevant for antibiotic prescrip-
tions. We included ICPC symptom codes R01–R29 
in the URTI group in order to achieve the most 
relevant selection of patients. The diagnostic codes 
H01, H70–72, and H74 were included to refl ect pre-
scriptions for otitis media. One or two ICPC codes 
were available for each recorded contact. With two 
diagnoses, the code most relevant for antibiotic pre-
scription was selected. Broad-spectrum antibiotics 
in this article are defi ned as antibiotics other then 
Penicillin V (phenoxymethyl penicillin). 

SPSS was used for the descriptive analyses. To 
identify predictors for antibiotic prescription in 
RTIs, we performed two multilevel logistic regres-
sion modellings in STATA with antibiotic prescrip-
tion and broad-spectrum prescribing respectively 
as the dependent variable. The level of statistical sig-
nifi cance was set to 0.05. The study was approved by 
the regional ethical committee and the Norwegian 
Data Inspectorate.

Results

During the two months, the overall antibiotic pre-
scription rate was 27 per 100 visits for RTIs or 32 
per 100 patients with RTIs (Table I). A visit is defi ned 

geography were both associated with prescription of 
broad-spectrum antibiotics [13]. 

In the national guidelines (2000) for antibiotic pre-
scribing in Norwegian general practice [14], two main 
goals were pointed out: to reduce the overall antibiotic 
prescription by 30% to reach the Dutch level of utili-
zation and to use relatively as many narrow-spectrum 
compounds as possible for RTIs to counteract devel-
opment of resistance. To our knowledge no previous 
studies have been performed to analyse predictors for 
antibiotic prescription in Norway.

The purpose of this study was to 

describe and analyse antibiotic prescriptions in •
general practice by diagnosis, encounter and 
patient and physician characteristics; 
describe the variation in antibiotic prescribing  •
among GPs in Vestfold;
fi nd predictors for total prescribing of antibiotics  •
and for prescribing of broad-spectrum antibiotics 
for RTIs.

Material and methods

In Norway, general practice is organized as a list sys-
tem implying that every citizen has one particular gen-
eral practitioner (GP). Part of the GP’s salary is paid 
for by the National Insurance Agency (NIA), based 
on bills from the GPs regarding all patient encounters. 
Furthermore, all antimicrobial agents are prescription 
drugs, and the pharmacies make an electronic record 
each time a prescription drug is dispensed. 

Vestfold is located in the south-eastern part of 
Norway and has a total population of approximately 
200 000. At the time of the study there were 152 
list-holding GPs in the county. The study was based 
on electronically provided data from February and 
March 2003, where datasets from the National Insur-
ance Administration (NIA) and the prescription 

Large variations were found in list-holding 
GPs’ prescribing habits for respiratory tract 
infections, both for antibiotic prescribing rates 
and proportion of broad-spectrum antibiotics. 

In 27% of consultations with respiratory •
tract infections, an antibiotic was prescribed; 
37% were Penicillin V and 28% were mac-
rolides. 
The GPs with the highest prescription rate •
were also more likely to prescribe broad-
spectrum antibiotics.
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bronchitis), age of patient (higher proportion for older 
patients), type of contact (higher proportion for simple 
encounters and telephone contact), being a specialist 
(gave a near signifi cant lower proportion), length of list 
(shortest lists gave low proportion) and being a high 
prescriber of antibiotics (the two highest quintiles had 
a signifi cantly higher proportion of broad-spectrum 
prescribing than the lowest quintile).

Discussion

The use of new broad-spectrum antibiotics such as 
quinolones and cephalosporines accounted only for 
1% (Other ATC J01, see Table I) while penicillins 
accounted for 49% of the GPs’ prescriptions for RTIs. 
This corresponds well with national fi gures for the 
same time period [15], and may be one important 
contributing factor for the low level of antibiotic resis-
tance in Norway. The 28% share made up by mac-
rolides and lincosamides probably refl ects more 
frequent use of these compounds as compared with 
the 16% reported from Norwegian general practice 
back in 1989 [10]. This development is not in accord-
ing with the guidelines distributed to all Norwegian 
GPs in 2000, highlighting fi rst-hand use of macrolides 
only for atypical lower respiratory tract infections and 
allergy to penicillins. Of all patients treated with anti-
microbial drugs in general practice, only 1% will 
develop skin reactions to the drug [16]. Penicillin 
allergy should therefore not account for the majority 
of the macrolide prescriptions. We have, however, no 
data in our study that can substantiate this topic. An 
increase in macrolide prescription in outpatient care 
of 33% from 1999 to 2005 has been registered nation-
ally along with a rise in proportion of pneumococci 
with lowered sensitivity or resistance to macrolides 
seen in blood cultures in hospitals [15]. As RTIs are 
one of the main indications for prescribing macrolides 
it is even more important to focus on correct use of 
this group of antibiotics [12,17]. 

The variation in proportion of total antibiotic pre-
scribing and broad-spectrum prescription is 
high, as the quintile of doctors with high prescrip-
tion prescribes almost three times as frequent as 
the lowest quintile. This variation reveals potentials 
to change GPs prescription behaviour, in order to 
maintain the positive situation in Norway regarding 
antibiotic resistance [15]. A number of Nordic stud-
ies have highlighted this topic during the last years 
[18–21].

Among doctor factors in the logistic regression 
analysis, being a specialist gave lower prescription 
rate (odds ratio 0.66, p � 0.01). We also found that 
doctors whose medical exam was in the period 1981–
1990 (i.e. 12–22 years of practice) had the lowest 
prescription rates. This is in line with the Dutch 

as a consultation in the GP’s offi ce (based on the 
contact code), leading to a respiratory tract or ear 
diagnosis. The difference between the rates refl ects 
that several patients had more than one visit during 
the study period. When antibiotics were issued for 
RTIs, penicillins were used in 49% (phenoxymethyl 
penicillin (pcV) 37%) and macrolides/lincosamides 
in 28% of cases.

Upper respiratory tract infections (URTIs) had an 
antibiotic prescription rate of 18 per 100 patients, and 
pcV and macrolides/lincosamides were equally pre-
scribed (37% each). Acute tonsillitis had the highest 
antibiotic prescription rate (75 per 100 patients) of 
all the RTI diagnoses; pcV was issued in 72% of 
these. In sinusitis the overall prescription rate was 70 
per 100 patients, with a pcV fraction of 36% and a 
macrolide/lincosamide fraction of 30%. In pneumo-
nia the prescription rate was 58 per 100 patients with 
a pcV fraction of 24%. The rate for acute bronchitis 
was 64 per 100 patients with a pcV fraction of 21%. 

We also recorded prescriptions per indirect con-
tacts (telephones or visits at the counter). Sinusitis 
dominated with a rate of 23 per 100 indirect contacts, 
followed by tonsillitis with a rate of 19 per 100.

Gender information was missing in 5.2% of the 
prescriptions. Of the remaining, 62.2% were issued 
to female patients and 37.8% to male patients. 

A considerable variation in antibiotic prescription 
patterns for RTIs was seen among individual 
GPs (Figure 1). Those assigned to the highest quin-
tile of prescribers prescribed antibiotics three times 
more frequently than those in the lowest quintile 
(32% vs 11%).

Figure 2 demonstrates the proportion of broad-
spectrum antibiotics by total antibiotic prescription 
for each doctor. The doctors in the highest quintile 
had an average of 88% prescriptions of broad-spec-
trum antibiotics, as compared with the lowest quin-
tile who prescribed 32% broad-spectrum antibiotics 
for respiratory tract infections. 

The multiple logistic regression analysis revealed the 
following independent predictors for antibiotic pre-
scribing (Table II): type of infection (tonsillitis and 
sinusitis had the highest odds ratio followed by acute 
bronchitis, pneumonia, and ear diagnoses), type of 
contact (higher prescription rate at consultations), 
being a specialist (lower prescription rate). We also 
found that doctors who had their medical exams in the 
period 1981–1990 had the lowest prescription rate. 

Table III demonstrates the logistic regression analy-
sis to fi nd predictors for broad-spectrum antibiotic 
prescription. The following factors were found to be 
independently associated with high broad-spectrum 
prescription: type of infection (higher for lower respira-
tory tract infections including pneumonia, chronic 
obstructive pulmonary disease COPD, and acute 
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Figure 1. Proportion of antibiotic prescription on visits for respiratory tract infections, winter 2003, among listholding GPs in Vestfold 
county, given as percentages.
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Figure 2. Proportion of broad-spectrum antibiotic prescription on visits for respiratory tract infections, winter 2003, among listholding
GPs in Vestfold county, given as percentages.

study [11], and may refl ect that experienced GPs are 
best at avoiding unnecessary antibiotic prescribing. 
This benefi t, however, seemed in our data to dimin-
ish with further increase in years of practice. 

We found a number of factors to be independently 
associated with prescribing of broad-spectrum anti-
biotics. We fi nd it interesting that a high total pre-
scribing of antibiotics was a signifi cant predictor for 
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signifi cantly associated with high prevalence of resis-
tance [24].

The prescription rate for acute bronchitis is among 
the highest (64 per 100 patients) in this study. Mac-
rolides are frequently used (30% of the prescriptions) 
to treat acute bronchitis, a condition that according to 
a Cochrane review [25] has limited benefi cial effects 
from antibiotic treatment. This may refl ect one of the 
most controversial usages of antibiotics in the study. 

Pneumonia has a surprisingly low prescription rate 
of 44 per 100 visits (58 per 100 patients). This may 
be due to the fact that these patients more often are 
admitted to hospital or treated in the emergency room. 
However, many of them visit their GP for 
follow-up after recovery from their illness. We have, 
unfortunately, no means of telling which visits are 

broad-spectrum antibiotic prescribing, although this 
was most obvious for highest prescribers. This is in 
line with a previous Danish study [22]. Steinman et 
al. in the US found that being a specialist (other than 
GP specialist) vs a GP was a strong predictor for 
broad-spectrum prescribing [13]. Samore et al. have 
demonstrated a clear relation between the use of 
broad-spectrum antibiotics and resistance versus 
penicillins of pneumococci in a study of children 
with carriage of resistant pneumococci [23]. The use 
of cephalosporins more than doubled the risk of 
being carrier while the use of penicillins reduced the 
chance with an odds ratio of 0.20 [23]. Arason et al. 
analysed the relation between prevalence of multire-
sistant pneumococci among Icelandic children and 
found that use of broad-spectrum antibiotics was 

Table II. Logistic regression analysis with factors independently associated with prescription of antibiotics for respiratory tract infections 
among list-holding doctors, during two winter months in Vestfold county, winter 2003. 

 Bivariate analysis  Multivariate analysis 
Factor OR (95% CI) p-value   OR (95% CI) p-value 

Patient factors:
Type of respiratory tract infections (RTI)

URTI + URT symptoms (REF) 1.00  1.00
Acute bronchitis 5.43 (4.36–6.76) � 0.01  5.75 (4.62–7.15) � 0.01
COPD/chronic bronchitis 0.88 (0.72–1.07) 0.21  1.00 (0.80–1.24) 1.00
Acute otitis media + ear pain 2.70 (2.21–3.30) � 0.01  2.62 (2.08–3.31) � 0.01
Pneumonia 3.61 (2.96–4.36) � 0.01  4.39 (3.52–5.47) � 0.01
Acute sinusitis  6.94 (5.65–8.53) � 0.01  8.69 (6.86–11.0) � 0.01
Acute tonsillitis 9.14 (7.10–11.78) � 0.01 10.27 (7.66–13.8) � 0.01
Other airway diagnoses 0.69 (0.55–0.86) � 0.01  0.77 (0.62–0.95) 0.01

Age
51+ (REF) 1.00  1.00
33–50 1.33 (1.22–1.46) � 0.01  1.07 (0.97–1.18) 0.16
0–32 1.21 (1.07–1.36) � 0.01  0.94 (0.83–1.07) 0.38

Gender of patient
Female (ref) 1.00  1.00
Male 0.98 (0.92–1.06) 0.66  1.05 (0.97–1.13) 0.25

Contact type
Telephone 
+ simple encounter (REF)  1.00  1.00
Consultations + home visits 4.41 (3.82–5.09) � 0.01  4.63 (3.94–5.45) � 0.01

Doctor factors:
Gender of doctor

Female (REF) 1.00  1.00
Male 1.09 (0.93–1.29) 0.30  1.18 (0.98–1.41) 0.08

Specialist
Non-specialist (REF) 1.00  1.00
Specialist GP 0.97 (0.80–1.17) 0.76  0.66 (0.50–0.88) � 0.01

Length of list
1001–1500 (REF) 1.00  1.00
1501–2000 1.09 (0.91–1.30) 0.36  0.89 (0.69–1.15) 0.37
2001+ 1.37 (1.13–1.67) � 0.01  0.95 (0.74–1.23) 0.71
0–1000 1.09 (0.81–1.48) 0.56  1.08 (0.83–1.39) 0.57

Year of medical exam
1958–1970 (REF) 1.00  1.00
1971–1980 1.02 (0.84–1.24) 0.83  0.90 (0.74–1.11) 0.33
1981–1990 0.91 (0.73–1.15) 0.43  0.62 (0.45–0.86) � 0.01 
1991 + 0.93 (0.69–1.26) 0.63  0.90 (0.64–1.28) 0.57

Note: Analysis was done with multilevel modelling in STATA (n � 21 529).
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exceptions to the rule [14]. To analyse this further, data 
would have to be separated into different age groups.

Generally, the high proportion of macrolides and 
tetracyclines is not justifi ed by the diagnoses. The 
prescription rates for, in particular, acute bronchitis, 
acute sinusitis, and URTI and upper respiratory tract 
(URT) symptoms are still too high, as a large pro-
portion of these conditions are caused by viruses. 

The internal validity of our data is accounted for by 
the completeness of the data included. Another rea-

primary and which are follow-ups for the diagnoses 
in our data. Tetracyclines (34%) are used almost as 
often as penicillins (37%). This is not in accordance 
with the guidelines [14]. The reason may be suspected 
atypical pneumonia or possibly a concurrent COPD 
diagnosis. It may also refl ect a prolonged prescription 
for pneumonia, possibly initiated in hospital.

Ear infections account for 37 prescriptions per 100 
patients, although studies show a limited effect 
of antibiotic treatment [26,27]. There are, however, 

Table III. Logistic regression analysis with factors independently associated with prescription of broad-spectrum antibiotics for respiratory 
tract infections among list-holding doctors, during two winter months in Vestfold county, winter 2003.

Bivariate analysis  Multivariate analysis 
Factor OR (95% CI) p–value   OR (95% CI) p–value 

Patient factors:
Type of respiratory tract infections (RTI)

URTI + URT symptoms (REF) 1.00 1.00
Acute bronchitis 2.08 (1.52–2.84) � 0.01  1.61 (1.15–2.26) � 0.01
COPD/chronic bronchitis 4.65 (2.44–8.87) � 0.01  2.53 (1.31–4.88) � 0.01
Acute otitis media + ear pain 0.69 (0.50–0.96) 0.03  0.75 (0.53–1.06) 0.11
Pneumonia 1.75 (1.22–2.50) � 0.01 1.38 (0.94–2.01) 0.10
Acute sinusitis  1.06 (0.78–1.46) 0.71  0.94 (0.69–1.29) 0.70
Acute tonsillitis 0.24 (0.18–0.31) � 0.01 0.23 (0.17–0.30) � 0.01
Other airway diagnoses 2.04 (1.45–2.86) � 0.01 1.82 (1.26–2.62) � 0.01

Age
51+ (REF) 1.00 1.00
33–50 0.47 (0.39–0.58) � 0.01 0.75 (0.61–0.92) � 0.01
0–32 0.37 (0.30–0.45) � 0.01 0.64 (0.50–0.82) � 0.01

Gender of patient
Female (ref) 1.00 1.00
Male 0.99 (0.87–1.13) � 0.01 1.05 (0.89–1.24) 0.59

Contact type
Telephone 
+ simple encounter (REF)  1.00 1.00
Consultations + home visits 0.48 (0.39–0.60) � 0.01 0.52 (0.40–0.68) � 0.01

Doctor factors:
Gender of doctor

Female (REF) 1.00 1.00
Male 1.17 (0.82–1.68) 0.38 1.20 (0.79–1.84) 0.39

Specialist
Non-specialist GP (REF) 1.00 1.00
Specialist GP 0.89 (0.62–1.29) 0.55 0.64 (0.40–1.03) 0.07

Length of list
1001–1500 (REF) 1.00 1.00
1501–2000 1.25 (0.89–1.76) 0.21 1.05 (0.74–1.51) 0.77
2001+ 1.58 (1.02–2.47) 0.04 1.55 (0.83–2.88) 0.17
0–1000 0.56 (0.43–0.78) � 0.01 0.55 (0.39–0.76) � 0.01

Year of medical exam
1958–1970 (REF) 1.00 1.00
1971–1980 1.06 (0.72–1.54) 0.78 1.15 (0.80–1.64) 0.45
1981–1990 0.63 (0.39–1.02) 0.06 0.67 (0.38–1.18) 0.17 
1991 + 0.72 (0.43–1.19) 0.20 0.93 (0.57–1.53) 0.79

Rate of total antibiotic prescribing in quintiles
Q1: 6.0–16.8% (ref) 1.00 1.00
Q2: 16.9–21.2% 1.14 (0.76–1.71) 0.53 1.16 (0.74–1.81) 0.52
Q3: 21.3–25.4% 1.01 (0.67–1.52) 0.96 1.09 (0.73–1.64) 0.68
Q4: 25.5–29.3% 1.78 (1.19–2.66) � 0.01 1.73 (1.04–2.90) 0.04
Q5: 29.4–54.0% 1.31 (0.85–2.01) 0.22 1.64 (1.05–2.56) 0.03

Note: Analysis was done with multilevel modelling in STATA (n � 3661).
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son why these fi ndings probably refl ect daily practice 
is that all data were gathered from electronic data 
records without the GPs’ knowledge.

The study has two important limitations. The data 
cover only what happens in the GPs’ daily practice 
in their surgeries and say nothing about what goes 
on in emergency rooms. Some studies suggest that 
antibiotic prescribing may be more liberal in an 
emergency room setting than in daily practice [28]. 
The other limitation is the diagnostic precision for 
the recorded diagnoses. This depends on the GP’s 
personal interpretation and use of the diagnostic 
criteria and may therefore explain some of the varia-
tions seen between individual GPs.
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