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There are serious problems concerning the inadequate prescription of antibiotics and
overuse of injections in primary care. However, the determinants of prescription patterns
in Korea are not well-documented. To examine the area characteristics affecting the
prescription of antibiotics and injections in primary care practices in the treatment of
respiratory tract infections (RTIs), a nationwide cross-sectional study was performed in all
250 administrative districts of Korea. The outcome was modeled as a binary variable: overprescription or not compared with the nation-wide average. Over-prescription of
antibiotics was associated with the ratio of specialists to general physicians and overprescription in previous years in the area (adjusted odds ratio [aOR], 4.8; 95% confidence
interval [CI] 1.5-14.8; and aOR, 12.0; 95% CI 5.5-25.9, respectively). Over-use of
injections was associated with younger population, urban living and the number of
hospital beds in the area (aOR, 0.2; 95% CI 0.1-0.4; aOR, 0.3; 95% CI 0.1-0.8; and aOR,
0.4, 95% CI 0.2-0.9; respectively). There were differences in the prescribing patterns in
different districts; prescription patterns were affected more by supply factors than by
demand factors. Highly competitive medical environment associated with supply factors is
a significant determinant of prescription patterns in Korea.
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INTRODUCTION
Appropriate use of antibiotics and injections has contributed to
the control of infectious diseases and the reduction of mortality
(1, 2). However, there are serious problems concerning the inadequate use of antibiotics and the overuse of injections in ambulatory practice (3, 4). Overuse of antibiotics, particularly broadspectrum antibiotics, in primary care is a major contributing
factor to reduced drug efficacy, increased prevalence of resistant pathogens in the community, and the appearance of new
co-infections (5). The overuse of injected medications is also a
serious problem. Prescribing injection-delivered medications
can produce side effects, which include local problems related
to the injection site such as bleeding, inflammation, atrophy,
and nerve injury, and systemic problems related to hypersensitivity reactions such as anaphylactic shock. Injection-drug users likely acquire human immunodeficiency virus infection or
hepatitis C virus infection by sharing drug equipment (6, 7).
Decision model of prescribing antibiotics and injections is
complex, and multiple factors other than clinical considerations
can influence the decision to prescribe (8). These include patient characteristics, physician characteristics, and medical environments such as competition. Patient characteristics such as

age, lower socio-economic status, and higher co-morbidity have
significant effects on the antibiotic prescription rate (8-10). Physician characteristics, including gender, age, time since graduation, and volume of practice, significantly influence antibiotic
prescription (8, 11, 12). An urban location of a medical practice
and patient income level also influence antibiotic prescription
rates (8, 13). Other significant predictors are the physician expertise (i.e., specialist or generalist) (8, 14). Medical environment
variables such as the number of primary care clinics and number of hospital beds affect the rate of antibiotic prescription (15).
Previous studies concerning prescribing patterns tended to
address the characteristics of individual patients and doctors,
related with prescription episodes. Such results are not easily
extrapolated to a regional or national scale. Several studies have
described regional patterns of medical care utilization and health
care delivery with the application of small area variation. These
outcome variables were classified and measured by the unit of
area (16). Factors affecting health care episodes are classified as
demand and supply factors. Demand factors include age, gender, education, income, and insurance types of population, and
supply factors include the number of hospital beds per population and the number of doctors (17).
Using area as a unit of analysis, this study examined the pre-
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scription patterns of antibiotics and injections in primary care
in Korea. The hypothesis of this study was that the demand and
supply characteristics of areas, defined as administrative districts
in Korea, affect the prescription patterns of antibiotics and the
use of injections (Fig. 1). Some variables, such as co-morbidity
of patients and demographic characteristics of physicians, were
not included due to data unavailability.

MATERIALS AND METHODS
Data and variables
This was a cross-sectional study that used population census
data, the evaluation of medical institutions, and the assessment
of prescribing rate of individual primary care clinics concerning
upper respiratory tract infections (URIs).
We analyzed data from the 2005 Population Census of Korea,
the 2008 Community Health Survey, and the 2006 and 2007 data
of the Health Insurance Review and Assessment Services (HIRA).
All dependent and independent variables were measured in
terms of administrative districts, which are the unit of analysis
in the databases. The dependent variables from the 2006 and
2007 HIRA data were binary variables depending on whether
the over-prescription rate of antibiotics and injections in a given
administrative district was greater than the national average of
over-prescription rate. We calculated the mean prescribing rate
in the administrative districts using data from the entire primary care clinics located in the administrative districts. The mean
antibiotic prescription rate of all primary care clinics was 62.4%
in the first-quarter of 2006 and 54.2% in the first-quarter of 2007.
The mean injection prescription rate of all primary care clinics
was 27.9% in the first-quarter of 2006 and 25.8% in the first quarter of 2007. Furthermore, the over-prescription rate of a given
administrative district was calculated by the proportion of overprescribing clinics in all evaluated primary care clinics. Then,
the binary dependent variable was constructed by comparing
the overprescribing rate of a given administrative district with
http://dx.doi.org/10.3346/jkms.2012.27.2.120

the mean over-prescribing rate of all administrative districts.
Using this design, the mean over-prescribing rate of antibiotics
and injection rate in 2007 were 41.8% and 36.8%, respectively.
The independent variables from the 2005 Population Census
of the Korean National Statistical Office and the 2008 Community Health Survey represent demand and supply factors. Demand
factors in the area included demographic factors (sex ratio, total
population, and elderly population in each area) and socioeconomic factors (educational level, unemployment rate, and local
tax). The sex ratio was the ratio of male to female population. The
percentage of people over age 65 yr and under age 15 yr to total
population was defined as elderly population and younger population, respectively. The proportion of those completing education beyond high school was used to measure the educational level. Unemployment rate was defined as the proportion of
unemployed people to all economically active people aged 1664 yr. Local tax data were extracted from the 2006 Regional National Tax Yearbook. The model included annual outpatient
days of the area to control for the effect of medical use on prescription rate, and classified the population into urban and rural
dwellers to account for any influence due to residence or medical environment. Other supply factors in the area included total
number of hospital beds per 10,000 people, total number of primary care clinics per 10,000 people, ratio of specialists to general physicians, number of primary care physicians per 10,000 persons, and prescription patterns in the previous year. Internal medicine physicians, pediatricians, family physicians and general
practice providing primary care services were categorized as
primary care physicians. The ratio of specialists to general physicians was limited to primary care clinics. All independent variables were binary variables based on whether the value of a given
area was greater than the national average.
Statistical analyses
We evaluated the effect of demand and supply factors in the area
on the prescription patterns of antibiotics and injections. First,
we evaluated the odds ratio (OR) of antibiotic and injective overprescription using univariate logistic regression. Next, the association of the above area indices with over-prescription or not
over-prescription were also examined using multivariate logistic regression. All analyses were conducted using Stata software
(Stata Corp, College Station, TX, USA), and statistical significance was tested with the criterion of P value of 0.05. We showed
the regional distribution of over-prescription or not over-prescription to visualize prescribing patterns using the Statistical
Map program of the National Statistical Office.

RESULTS
All administrative districts of Korea (n = 250) were included in
the analysis of antibiotic and injections prescriptions in 2006
http://jkms.org   121
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Table 1. Descriptive statistics of the administrative districts
Variables
Sex ratio
Total subjected population (persons)
Elderly population* (%)
Younger population†
Higher educational level ‡ (%)
Local tax § (1,000 KRW)
Unemployment rate ll
Annual visit day ¶
Dwelling
Rural
Urban
The number of hospital beds/10,000 population**
The number of primary care clinics/10,000 population††
The ratio of specialists to generalists
Physicians mainly charging for primary care‡‡ (persons)
Over-prescription rate of antibiotics in previous year (%)
Over-prescription rate of injections in previous year (%)
Over-prescription rate of antibiotics in 2007 (%)
Not over-prescription
Over-prescription
Over-prescription rate of injections in 2007(%)
Not over-prescription
Over-prescription

over-prescriptio (aOR, 2.6; 95% CI 1.0-6.7) (Table 3).
Mean ± SD (%)
98.4 ± 5.3
189,154.7 ± 151,234.1
14.1 ± 8.3
17.8 ± 3.5
26.7 ± 5.8
793.5 ± 677.8
0.0 ± 1.0
10.6 ± 5.1
32.0%
68.0%
85.6 ± 77.2
4.7 ± 2.1
9.5 ± 8.0
5.0 ± 2.6
46.2 ± 12.5
59.4 ± 18.2
41.8 ± 12.6
53.3
46.7
36.8 ± 13.6
43.6
56.4

*The proportion of population > 65-yr-of-age; † The proportion of population < 15-yrof-age; ‡ The proportion of population with more than high school education; §Amount
of local tax per person in districts of year (1,000 KRW); ll Standardized Z-score by
subtracting the mean of all areas from each area and dividing by the standard deviation for variables. The actual mean value was -0.01; ¶Annual outpatient days in primary care clinics; **The number of hospital beds per 10,000 people; †† The number
of primary care clinics per 10,000 people; ‡‡ The number of physicians charging primary care per 10,000 people: Family medicine; Internal medicine; Pediatrics; General practice.

and 2007. The over-prescription rates of antibiotics were 46.2%
in 2006 and 41.8% in 2007. The over-prescription rates of injections were 59.4% in 2006 and 36.8% in 2007. Descriptive statistics of demand and supply factors are shown in Table 1.
Relationships between area characteristics and
prescribing patterns of antibiotics
There were differences between over-prescription and not overprescription according to demand and supply factors of the area.
The areas with greater sex ratio, total population, education level,
unemployment, ratio of specialists to general physicians, and
over-prescribing rate of antibiotics in the previous year were associated with higher adjusted OR (aOR) to over-prescription of
antibiotics. The areas with greater aged population, annual visit
days, number of hospital beds, number of physicians mainly
charging for primary care, and district population were less likely
to be over-prescribed (Table 2). The results of multivariate logistic
regression indicated that areas with higher ratio of specialists to
general physicians and over-prescription in the previous year had
a higher OR of antibiotic over-prescription (aOR, 4.8; 95% CI
1.5-14.8 and aOR, 12.0; 95% CI 5.5-25.9, respectively). Higher
educational level had a marginally significant relationship with
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Relationships between area characteristics and prescribing
patterns of injections
Areas with greater aged population, number of physicians mainly charging for primary care and over-prescribing rate of injections in the previous year were more likely to be over-prescribed.
Areas with high sex ratio, total population, educational level, ratio of specialists to general physicians and urban dwellers were
less likely to be over-prescribed (Table 2). The results of multivariate logistic regression indicated that younger population,
urban living and the number of hospital beds were significantly
associated with the incidence of over-prescription in the district.
Younger population (aOR, 0.2; 95% CI 0.1-0.4), urban dwellers
(aOR, 0.3; 95% CI 0.1-0.8), and the number of hospital beds had
a low aOR for over-prescription (aOR, 0.4; 95% CI 0.2-0.9). However, over-prescription in the previous year was not associated
with the incidence of over-prescription in the district (Table 3).
Area distribution of over-prescription of antibiotics and
injections
The area distribution of antibiotic over-prescription revealed
that Gyeonggi-do and Gyeongsangnam-do had many administrative districts displaying over-prescription compared with the
national average (Fig. 2). Chungcheong-do and Jeolla-do had
many districts displaying not over-prescription. The area distribution of over-prescription of injection medications indicated
that Gangwon-do, Gyeongsangbuk-do, and Jeolla-do tended to
display over-prescribing districts, whereas Gyeonggi-do had a
lower number of over-prescribing areas than other provinces
(Fig. 3).

DISCUSSION
This study was designed to demonstrate the relationships between area characteristics and the prescription patterns of antibiotics and use of injections in primary care clinics in Korea. The
data reveal that the prescribing patterns of antibiotics and injection use are related to demand and supply factors of the areas,
along with other factors.
The result suggested that educational level had a marginally
significant relationship with over-prescription of antibiotics. The
ratio of specialists to general physicians and the prescription rate
in the previous year were significantly associated with antibiotic
prescribing patterns. Previous studies evaluating the relationship between educational level and antibiotic prescription concluded that people with a lower educational level are more likely to have antibiotics prescribed (18). These findings are not consistent with our results. Infectious diseases including upper respiratory infections (URIs) are related to the educational level
of a family; higher risk of URIs among those with a lower educahttp://dx.doi.org/10.3346/jkms.2012.27.2.120
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Table 2. Univariate association between study variables and over-prescription in primary care clinics
Variables
Sex ratio
≤ 98.4
> 98.4
Total population (persons)
≤ 189,155
> 189,155
Elderly population (%)
≤ 14.1
> 14.1
Younger population (%)
≤ 17.8
> 17.8
Higher educational level (%)
≤ 26.7
> 26.7
Local tax (1,000 KRW)
≤ 793.5
> 793.5
Unemployment
≤ 0.0
> 0.0
Annual visit day
≤ 10.6
> 10.6
Dwelling
Rural
Urban
The number of hospital beds/10,000 population
≤ 85.6
> 85.6
The number of primary care clinics/10,000 population
≤ 4.7
> 4.7
The ratio of specialists to generalists
≤ 9.5
> 9.5
Physicians mainly charging primary care (persons)
≤ 5.0
> 5.0
Over antibiotic prescribing rate in previous year (%)
≤ 46.2
> 46.2
Over antibiotic prescribing rate in previous year (%)
≤ 59.4
> 59.4

Antibiotics

Injections

aORo

95% CI

aOR

95% CI

1
2.9

1.7-4.8

1
0.4

0.3-0.7

1
3.0

1.8-5.0

1
0.4

0.3-0.7

1
0.4

0.2-0.7

1
4.4

2.5-7.7

1
1.8

1.1-3.0

0.1

0.1-0.2

1
3.1

1.8-5.2

1
0.6

0.3-0.9

1
1.4

0.8-2.5

1
0.6

0.3-1.1

1
2.1

1.2-3.4

1
0.6

0.4-1.7

1
0.3

0.2-0.5

1
1.2

0.7-2.1

1
1.8

1.0-3.1

1
0.2

0.1-0.3

1
0.4

0.2-0.7

1
0.9

0.5-1.5

1
0.8

0.5-1.4

1
0.9

0.5-1.5

1
2.9

1.7-4.9

1
0.4

0.2-0.6

1
0.4

0.24-0.8

1
2.3

1.3-4.1

1
11.5

6.3-21.0
1
4.2

2.4-7.5

The bold characters are statistically significant.

tional status is attributed to greater exposure to infectious agents,
perhaps reflecting less than adequate hygiene procedures, overcrowding, and related decrease in immunity. Belief or expectation of antibiotic effect as a demand factor has been correlated
with the prescription of antibiotics (19). Our results suggest that
the influence of education level may be more closely associated
with the perceived efficacy of antibiotics in the treatment of URIs
than the influence of the environment related to URIs. Those
areas with higher ratio of specialists to general physician had
a higher aOR concerning antibiotic over-prescription. Internal
medicine physicians and pediatric physicians are less likely to
http://dx.doi.org/10.3346/jkms.2012.27.2.120

prescribe antibiotics than general or family medicine physicians
(20). This may suggest that general physicians are more likely to
respond to their patients’ expectations and requests for prescriptive action. However, our results are not consistent with previous studies, perhaps due to the characteristics of the primary care
medical environment in Korea. The proportion of clinics with
general practices in primary care clinics was only 15.2% according to 2007 data of the HIRA. Highly competitive environments
may make specialists more apt to prescribe antibiotics for fast
recovery from URIs and prevention of complications related to
URIs such as otitis media, sinusitis, and pneumonia (21, 22). Howhttp://jkms.org   123
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Table 3. Multivariate logistic regression models: Factors affecting the incidence of over-prescription of primary care clinics
Variables
Sex ratio
≤ 98.4
> 98.4
Total population (persons)
≤ 189,155
> 189,155
Elderly population (%)
≤ 14.1
> 14.1
Younger population (%)
≤ 17.8
> 17.8
Higher educational level (%)
≤ 26.7
> 26.7
Local tax (1,000 KRW)
≤ 793.5
> 793.5
Unemployment rate
≤ 0.0
> 0.0
Annual visit day
≤ 10.6
> 10.6
Dwelling
Rural
Urban
The number of hospital beds/10,000 population
≤ 85.6
> 85.6
The number of primary care clinics/10,000 population
≤ 4.7
> 4.7
The ratio of specialists to generalists
≤ 9.5
> 9.5
Physicians mainly charging primary care (persons)
≤ 5.0
> 5.0
Over-prescription rate of antibiotics in previous year (%)
≤ 46.2
> 46.2
Over-prescription rate of injections in previous year (%)
≤ 59.4
> 59.4

Antibiotics

Injections

aOR

95% CI

aOR

95% CI

1
2.2

0.9-5.5

1
0.8

0.4-1.9

1
1.2

0.4-3.6

1
1.9

0.8-5.2

1
1.3

0.2-7.7

1
1.2

0.3-5.2

1
0.5

0.2-1.5

1
0.2

0.1-0.4

1
2.6*

1.0-6.7

1
2.1

0.9-5.1

1
0.7

0.3-1.7

1
0.9

0.4-2.1

1
1.1

0.5-2.8

1
1.8

0.8-4.0

1
0.6

0.3-1.2

1
1.4

0.6-3.0

1
0.5

0.1-2.1

1
0.3

0.1-0.8

1
0.6

0.3-1.3

1
0.4

0.2-0.9

1
0.5

0.2-1.4

1
1.1

0.4-2.7

1
4.8

1.5-14.8

1
0.7

0.3-2.0

1
1.5

0.6-4.0

1
1.7

0.7-4.2

1
12.0

5.5-25.9
1
1.9

0.8-4.6

*The result shows marginally significant relationship with over-prescription of antibiotics.

ever, these patterns related to specialties should be considered
in light of various factors affecting antibiotic prescription rates,
which include practice volume and other physician factors such
as age, gender, and time since graduation from medical school
(8, 23). This study could not conclusively establish relationships
between antibiotic prescription and patient demographics, other
socioeconomic determinants, accessibility of primary care, supply of inpatient beds, urban/rural dwelling, and the number of
physicians mainly charging for primary care. Antibiotic over-prescription was strongly affected by the incidence of over-prescription in the previous year, or the mean prescription rate of the pre-
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vious year. A short interval of a single year does not accurately
reflect changing prescription patterns. But, these findings suggest that antibiotic prescribing patterns of the area do not readily change with time.
According to this study, factors to influence less over-use of
injections were younger population, urban dwelling and the
higher number of hospital beds. Low over-prescription of injections to younger population may indicate that younger group in
general tends to be prescribed oral medication than injections.
On the other hand, adult group can be prescribed both oral medication and injection without considering side effects or without
http://dx.doi.org/10.3346/jkms.2012.27.2.120
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Districts with over-prescriptaion
of antibiotics

Districts with over-prescriptaion
of injected medications

The districts with not over-prescriptaion
of antibiotics

Districts with not over-prescriptaion
of injected medications

Fig. 2. Area distribution of over-prescription or not over-prescription of antibiotics.

Fig. 3. Area distribution of over-prescription or not over-prescription of injected medications.

special restriction. And adult group more tend to want to prescribe injections for fast relief of respiratory symptoms due to
their work. One study reported that people in rural area tend to
more strongly ascribe to the benefits of injected medications,
and consequently are more likely to be prescribed such medications (24). Rural dwellers can experience less social support
when they get sick, and seek prompt relief of their symptoms,
allowing them to get back to work as soon as possible. On the
other hand, a physician’s reputation, be it positive or negative,
becomes more widely-known in rural areas than in urban areas.
As a result, physicians may be more likely to prescribe injections
as a way of enhancing their reputation (24). These trends did not
appear in the over-prescription of antibiotics. The preference for
injections by consumers may be more pronounced because the
rural area consists of a high percentage of elderly population.
The finding of this study that the number of hospital beds influences both the capacity of admission and accessibility to health
care system indicates that patients in an environment with a
greater number of hospital beds have a lower rate of overuse of
injections. This result may suggest that physicians are less likely
to prescribe and patients are less likely to demand injections in
a health care environment where they are promptly admitted
and treated. Over-prescription rate of injections in the previous
year were not closely related with over-prescription. This may
be because over-prescription of injections is mainly affected by
demand factors such as medical accessibility or living area, on
the other hand, over-prescription of antibiotics is more strongly

affected by supply factors such as over-prescription rate in the
previous year or competitive medical environment.
Presently, geographic differences were apparent in prescription patterns. Gyeonggi-do and Gyeongsangnam-do have high
density of the total population compared with other provinces.
These regions also displayed a high rate for over-prescription of
antibiotics. Regions with a lower population density had a high
rate for over-prescription of injected medications. These results
may indicate that a provider’s motivation due to competitive environments may influence antibiotic use (25). Moreover, aspects
of the medical environment, such as location and accessibility
to health care system, have a greater impact on injection use.
Geographic differences in prescription pattern are explained by
provider practice and population characteristics (26). Our results
further suggest that both over-prescription of antibiotics and injected medications may be more affected by supply factors than
by demand factors. The majority of the previous studies conducted at the level of the individual patient concluded that various
factors of both patient’s and doctor’s characteristics influence
the rate of prescription pattern. It is reasonable to suggest that
the highly competitive medical environment created by a large
number of primary care clinics in the area and the resulting pressure on physicians for a rapid improvement of symptoms can
influence the prescription pattern in primary care practices (15).
This study focused on various area characteristics affecting
the prescription patterns of antibiotics and injections, taking into
account demand and supply factors. Few studies have examined

http://dx.doi.org/10.3346/jkms.2012.27.2.120
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the association between area characteristics and prescribing
patterns of antibiotics and injections, especially in Korea where
high prescribing rate of antibiotics and injections is a serious
problem. This study has several limitations. First, aggregate data
was used, which could not reveal physician beliefs about the efficacy of antibiotics and injections (14). Second, this study could
not include physician factors such as age, practice volume, and
the number of years since the establishment of clinic, which can
be influential to prescribing patterns of antibiotics and injections.
Third, this study did not consider the clinical diagnosis for which
an injection is prescribed, and the clinical appropriateness of
injection prescriptions was not considered. Lastly, this study is
a kind of ecological study. So the results of this epidemiological
study in which the unit of analysis is a population or region have
limitations to be applied to an individual level or other situations.
This study shows an association of a few demand and supply
factors in the area with the prescribing patterns of antibiotics and
injections. Moreover, there were geographical differences of prescribing patterns. Some supply factors were related to over-prescription of antibiotics, and some medical-environmental factors were highlighted to over-prescription of injections. These
findings can suggest the importance of supply factors for intervention strategies. The multiple interventions aimed at reducing
antibiotic prescription rates in primary care revealed that general practitioners reduce prescription rates of antibiotics for URIs
and maintain high satisfaction among patients (27). Monitoring
and feedback mechanisms to physician’s prescribing patterns
can contribute to changing the prescription landscape. Efforts
should be focused not only on knowledge but also on communication in the patient-doctor encounter to achieve an improvement that is reasonable and effective (28).
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