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Abstract

Background: Age, gender and socioeconomic status have been shown to be associated with the use of prescription
drugs, even after adjustment for multimorbidity. General practitioners have a holistic and patient-centred perspective
and our hypothesis is that this may reflect on the prescription of drugs. In Sweden the patient may seek secondary care
without a letter of referral and the liability of the prescription of drugs accompanies the patient, which makes it suitable
for this type of research. In this study we examine the odds of having prescription drug use in the population and the
rates of prescription drugs among patients, issued in primary health care, according to age, gender and socioeconomic
status after adjustment for multimorbidity level.

Method: Data were collected on all individuals above 20 years of age in Östergötland county with about 400 000
inhabitants in year 2006. The John Hopkins ACG Case-mix was used as a proxy for multimorbidity level. Odds ratio (OR)
of having prescription drugs issued in primary health care in the population and rates of prescription drug use among
patients in primary health care, stated as incidence rate ratio (IRR), according to age, gender and socioeconomic status
were calculated and adjusted for multimorbidity.

Results: After adjustment for multimorbidity, individuals 80 years or older had higher odds ratio (OR 3.37 (CI 95%
3.22-3.52)) and incidence rate ratio (IRR 6.24 (CI 95% 5.79-6.72)) for prescription drug use. Male individuals had a lower
odds ratio of having prescription drugs (OR 0.66 (CI 95% 0.64-0.69)), but among patients males had a slightly higher
incidence rate of drug use (IRR 1.06 (CI 95% 1.04-1.09)). Individuals with the highest income had the lowest odds ratio
of having prescription drugs and individuals with the second lowest income had the highest odds ratio of having
prescription drugs (OR 1.10 (CI 95% 1.07-1.13)). Individuals with the highest education had the lowest odds ratio of
having prescription drugs (OR 0.61 (CI 95% 0.54-0.67)).

Conclusion: Age, gender and socioeconomic status are associated with large differences in the use of prescribed
drugs in primary health care, even after adjustment for multimorbidity level.
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Background
Previous studies have shown that drugs are prescribed
unequally in the general population in Sweden, Europe,
Canada and in the United States [1-4]. Individuals with
low socioeconomic status use more prescription drugs
compared to individuals with high socioeconomic status
[5]. Males tend to use prescription drugs to a lower degree
compared to females [6]. High age tends to increase the
use of prescription drugs [7], even after adjustment for
multimorbidity level [8]. In the above comparisons
the prescribing of drugs in the total population has
been evaluated. Few studies have been performed that
only take into account the prescriptions issued by
physicians working in primary health care, i.e. general
practitioners (GPs).
Primary health care is performed in different socioeco-

nomic environments. General practitioners handle patients
with a holistic and patient-centred perspective and have a
unique insight into patients’ context and are accustomed to
consider differences in health [9]. Our hypothesis is that
this approach may have an influence on the prescription
of drugs. As in most Western European countries,
the first-line of health care in Sweden is primary
health care. In contrast to other Western Europeans
countries in Sweden the GPs do not have a gatekeeping
function. In case of health problems the individual cannot
handle him- or herself, he or she is supposed to get in
contact with his/her GP to get a primary evaluation of the
health status. In case the GP needs a second opinion or if
there is a need of larger resources to investigate the health
issue or disease, the GP refers to a specialist. Nevertheless,
the individual is allowed to seek secondary care, both at
the emergency room and at specialist clinics, without a
letter of referral. Only half of the patients who visit
Swedish health care meet a GP [10]. When the patient
seeks secondary care the liability regarding the prescription
of drugs accompanies the patient, regardless if the patient
was referred or not. Thus the prescription of drugs in
Sweden, in contrast to other Western European countries,
is divided between primary and secondary care, which
makes Sweden quite suitable for this type of research.
This study further enables us to compare the drug

prescriptions issued by all the physicians with the
drug prescriptions issued only by GPs. With respect
to the cost of prescription drugs this estimation is
furthermore of high interest. The use of prescription
drugs constitutes about 13% of the total cost of health care
in Sweden, and in most parts of Sweden the cost liability
for the drugs prescribed by the GPs is put on the
individual primary health care centres [11]. To be able to
affect the prescribing of drugs it is fundamental to know
how drugs are prescribed in primary health care, and it is
important to know about differences in drug prescribing
between various groups.
The aim of this study was to investigate the odds of
having prescription drugs among individuals in the
population treated by GPs, and the rate of prescription
drug use among patients treated by GPs depending on
age, gender and socioeconomic status after adjusting for
multimorbidity level.

Methods
Study population
Data were collected in 2006 from the total population aged
20 years or older in Östergötland county with about 400
000 residents. Östergötland county is situated 200 km
southwest of Stockholm, and the age demography match
corresponds to that of the rest of Sweden [12]. Data on the
population’s age, gender and diagnoses in both primary
and secondary care were obtained through the Care Data
Warehouse in Östergötland (CDWÖ). The data in this
register hold information on both public and private
care. Information on this register has been described
earlier [13]. The study was approved by the Research
Ethics Committee at Linköping University (Dnr 147/
05 and 29/06).

Independent variables
Multimorbidity level was calculated using the Johns
Hopkins Adjusted Clinical Groups (ACG) Case-Mix
System, a system based on the theory that multimorbidity
level corresponds to a certain need for healthcare resources.
This system is based on the patients’ diagnoses, from both
primary and secondary care, recorded during a defined
period of time. Etiology, duration, method of diagnosis,
treatment and need of specialised care are considered for
each of the patients’ diagnoses. The ACG Case-Mix System
has previously been described [14-17]. Individuals without
need of health care according to the ACG Case-Mix system
are placed in Resource Utilization Band 0 (RUB 0), and
individuals with a very high degree of need for healthcare
resources are placed in RUB 5.
We used income and education as our socioeconomic

variables. The individual disposable income was divided
into quartiles, from the lowest to the highest with equal
number of individuals in each quartile. The individual
income includes earnings from employment and business,
and income transfers (e.g., pension payments, unemploy-
ment benefits, or paid sick leave) but not capital returns.
The education variable was divided into four levels: 1.
Primary school not completed (<9 years), 2. Primary school
completed (9–10 years), 3. Secondary school (10–12 years),
and 4. Higher education (>12 years). Information on
individual level of income and education was obtained from
Statistics Sweden. Information on educational level was to
a high degree missing in people 70 years or older, therefore
this group was excluded when the effect of educational
level on prescription drug use was analysed.
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Dependent variable
The utilisation of prescription drugs, stated as Defined
Daily Doses (DDDs), in 2006 issued by a GP was the
dependent variable. Information concerning the use of
prescription drugs on the individual level was acquired
from the Swedish Prescribed Drug Register at the National
Board of Health and Welfare [18]. This register collects
the information from the National Corporation of Swedish
Pharmacies (Apoteket AB). At the time of the study
Apoteket AB had a monopoly on sales of prescription
drugs, and all prescription drugs were tracked through
Apoteket AB. DDD is defined by WHO as the assumed
average maintenance dose per day for a drug used for
its main indication in adults. It is a fixed unit of
measurement that enables comparative research on
prescription drugs [19]. Over the counter drugs were
not included in this study.

Statistics
We used STATA version 12 (Stata Corporation, Texas,
USA) for statistical analyses. The best statistical model
to define the data was considered to be zero-inflated
negative binomial regression, since this model takes into
account that a high number in the population do not use
prescription drugs [20]. This model performs two analyses
in parallel. One analysis is similar to logistic regression
and answers the question on what the odds are for the
individual to belong to the population with prescription
drugs issued by GPs. This analysis gives odds ratios (OR).
The other analysis is similar to Poisson regression and
answers the question of what the effect is of increasing the
independent variable, i.e. DDD, with one unit for the
individuals who already have at least one DDD. This ana-
lysis gives an incident rate ratio (IRR). We generated two
different models; Model 1 was adjusted for gender, age, mul-
timorbidity (RUB) and income, and Model 2 was adjusted
for gender, age, multimorbidity (RUB) and education.
In order to examine if the differences in the prescrip-

tion of drugs were dependent on the primary healthcare
centres (PHC), we performed a multi-level analysis. The
analysis showed that only about 2% of the differences
seen between various groups was dependent on the PHC
level.
Due to possible interaction between the variables

education and income we have analysed the data for
each educational level, comprising individuals up to
70 years old. We have also analysed the data for each
age level due to possible interaction between age and
multimorbidity level.
In the following sections, when we refer to odds ratios

we mean individuals in the population, i.e. people both
with and without prescription drugs, and when we refer
to incidence rate ratios we mean patients, i.e. people that
already have at least one prescription drug.
Results
The study comprised 313 977 individuals with an even sex
distribution. A total of 46% had at least one prescription
drug issued by a GP. About 231 million DDDs were
collected from the pharmacies. Further characteristics
of the study population are described in Table 1.
Age
After adjustment for multimorbidity level, gender and
income, age increased the odds ratios of having prescrip-
tions drugs issued by GPs in the population, and it also
increased the rate of prescription drug use among patients
(Tables 2 and 3).
Gender
Males had lower odds ratio of having prescription drugs
issued by GPs compared to females after adjustment for
multimorbidity level, age and income (OR 0.66 (95% CI
0.64-0.69)) or education (OR 0.63 (95% CI 0.60-0.66))
(Table 2). The rates of prescription drug use were higher
for male patients after adjustment for multimorbidity
level, age and income (IRR 1.06 (95% CI 1.04-1.09)). The
rates of prescription drug use were the same between
the genders after adjustment for multimorbidity, age and
education (IRR 0.99 (95% CI 0.96-1.02)) (Table 3).
Income
Individuals with the highest level of income had the
lowest odds ratio of having prescription drugs issued
by GPs after adjustment for multimorbidity level, gender
and age (OR 0.86 (95% CI 0.81-0.91)). Individuals with the
second lowest level of income had the highest odds ratio
of having prescription drugs (OR 1.10 (95% CI 1.07-1.13)
and the individuals with the lowest level of income had
the second highest odds ratio of having prescription drugs
issued by GPs (Table 2). The result was nearly the same
for the rates of prescription drug use among patients with
the exception of that the patients with the lowest and the
second lowest income level together had the lowest rates
of prescription drug use (Table 3).
Education
Individuals with the lowest level of education had the
highest odds ratio of having prescription drugs issued by
GPs after adjustment for multimorbidity level, gender
and age. The odds ratios decreased with increasing
levels of education with the lowest odds ratio of having
prescription drugs at the highest level of education
(OR 0.61 (95% CI 0.54-0.67). The associations were
the same for the rates of prescription drug use among
patients (Tables 2 and 3).



Table 1 Characteristics of the study population’s drug use

Collected prescription drugs in the total population Collected prescription drugs in the total
population issued by general practitioner

Yes No Yes No

Variables N (%) N (%) N (%) N (%)

All 205827 (66) 108150 (34) 145126 (46) 168851 (54)

Gender

Female 121682 (77) 37021 (23) 85102 (54) 73601 (46)

Male 84145 (54) 71129 (46) 60024 (39) 95250 (61)

Age

20-39 51582 (52) 47857 (48) 25953 (74) 73486 (26)

40-59 65365 (60) 43338 (40) 44584 (41) 64119 (59)

60-79 64388 (81) 15414 (19) 52494 (34) 27308 (66)

80- 24492 (94) 1541 (6) 22095 (85) 3938 (15)

Multimorbidity level

0 26822 (26) 75013 (74) 16657 (16) 85178 (84)

1 30364 (69) 13491 (31) 17594 (40) 26261 (60)

2 51674 (80) 12913 (20) 35401 (55) 29186 (45)

3 82988 (93) 6595 (7) 63432 (71) 26151 (29)

4 10775 (99) 126 (1) 9196 (84) 1705 (16)

5 3204 (99.6) 12 (0.4) 2846 (88) 370 (12)

Income level

1 (low) 55260 (70) 23185 (30) 40986 (52) 37459 (48)

2 59030 (75) 19415 (25) 43876 (56) 34569 (44)

3 48816 (62) 29630 (38) 32426 (41) 46020 (59)

4 (high) 42720 (55) 35724 (45) 27837 (35) 50607 (65)

Educational level*

1 (low) 15377 (73) 5732 (27) 12166 (58) 8943 (42)

2 16292 (62) 10003 (38) 11070 (42) 15225 (58)

3 74886 (60) 50695 (40) 48366 (39) 77215 (61)

4 (high) 45296 (56) 35001 (44) 26552 (33) 53745 (67)

N – Number of observations.
*Including individuals up to 70 years old.
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Interactions
Individuals with the lowest level of income had the low-
est odds ratio of having prescription drugs if they
belonged to educational level 2 or above. The rates of
prescription drug use in every income level followed the
same pattern as in Model 1 when the data was analysed
for each educational level (Additional file 1: Table S1).
The odds ratio of having prescription drugs and the

rate of prescription drug use showed nearly the same
pattern in every multimorbidity level in Model 1 when
the data was analysed for each age level besides that
both individuals and patients aged 20–39 in the highest
multimorbidity level had higher odds ratios of having
prescription drugs (OR 4.32 (95% CI 4.07-5.54) vs. OR
3.88 (95% CI 3.73-4.04)) and higher rates of prescription
drug use (IRR 3.99 (95% CI 1.88-8.45) vs. IRR 1.75 (95%
CI 1.63-1.86)) (Additional file 1: Table S2).

Discussion
In this study we have examined the use of prescription
drugs issued in primary health care according to age,
gender, income or education after adjustment for multi-
morbidity level. Our main findings were that age in-
creased the odds ratio of having prescription drugs,
despite adjustment for multimorbidity level. We found
that males had lower odds ratios of having prescription
drugs compared to females. The differences in the socio-
economic groups were also substantial, where people
with the highest income level had the lowest prescrip-
tion drug use and people with the second to lowest



Table 2 Odds ratios of having prescription drugs in the
population issued in primary health care

Variables OR (CI 95%) p-value OR (CI 95%)* p-value

Gender

Females 1 1

Males 0.66 (0.64-0.69) <0.001 0.63 (0.60-0.66) <0.001

Age

20-39 1 1

40-59 1.76 (1.72-1.79) <0.001 1.71 (1.68-1.75) <0.001

60-79 2.56 (2.49-2.62) <0.001 2.33 (2.27-2.39) <0.001

80- 3.37 (3.22-3.52) <0.001

Multimorbdity level

RUB 0 (low) 1 1

RUB 1 2.38 (2.32-2.44) <0.001 2.48 (2.42-2.54) <0.001

RUB 2 2.86 (2.79-2.93) <0.001 2.95 (2.88-3.02) <0.001

RUB 3 3.30 (3.21-3.39) <0.001 3.39 (3.30-3.48) <0.001

RUB 4 3.75 (3.63-3.87) <0.001 3.86 (3.75-3.97) <0.001

RUB 5 (high) 3.88 (3.73-4.04) <0.001 4.01 (3.79-4.22) <0.001

Income

1 (low) 1 -

2 1.10 (1.07-1.13) <0.001 -

3 0.98 (0.95-1.02) 0.375 -

4 (high) 0.86 (0.81-0.91) <0.001 -

Education

1 (low) - 1

2 - 0.85 (0.81-0.89) <0.001

3 - 0.77 (0.73-0.81) <0.001

4 (high) - 0.61 (0.54-0.67) <0.001

*Including individuals up to 70 years old.

Table 3 Incidence rate ratios of prescription drug use
among patients in primary health care

Variables IRR (CI 95%) p-value IRR (CI 95%)* p-value

Gender

Females 1 1

Males 1.06 (1.04-1.09) <0.001 0.99 (0.96-1.02) 0.674

Age

20-39 1 1

40-59 2.41 (2.31-2.52) <0.001 2.29 (2.19-2.39) <0.001

60-79 4.34 (4.12-4.57) <0.001 3.78 (3.62-3.96) <0.001

80- 6.24 (5.79-6.72) <0.001

Multimorbidity level

RUB 0 (low) 1 1

RUB 1 0.74 (0.71-0.78) <0.001 0.69 (0.66-0.73) <0.001

RUB 2 0.94 (0.90-0.98) 0.004 0.92 (0.88-0.97) 0.001

RUB 3 1.33 (1.29-1.37) <0.001 1.35 (1.30-1.41) <0.001

RUB 4 1.66 (1.58-1.74) <0.001 1.89 (1.74-2.05) <0.001

RUB 5 (high) 1.75 (1.63-1.86) <0.001 2.26 (2.00-2.55) <0.001

Income

1 (low) 1 -

2 1.00 (0.98-1.03) 0.811 -

3 0.78 (0.75-0.81) <0.001 -

4 (high) 0.70 (0.68-0.72) <0.001 -

Education

1 (low) - 1

2 - 0.97 (0.91-1.02) 0.227

3 - 0.82 (0.80-0.85) <0.001

4 (high) - 0.70 (0.67-0.73) <0.001

*Including patients up to 70 years old.
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income level had the highest prescription drug use.
People with the lowest educational level had the highest
prescription drug use.

Age
The finding that age increased both the odds ratio of
having prescription drugs and the rate of prescription
drug use has previously been shown, when the total pre-
scribing of drugs has been examined [3]. In this study
we have only examined the prescription drugs issued in
primary health care, and despite the fact that we have
adjusted for multimorbidity level, higher age seems to
lead to higher use of prescription drugs.
GPs may have different approaches to treatment of

patients with a new diagnosis depending on age. It is prob-
ably more likely that younger people with a new diagnosis
of for example hypertension are recommended changes in
lifestyle, while older people may be more likely to be
recommended a prescription drug. This may partly explain
higher odds ratios of prescription drug use among the
elderly. Some diagnoses are progressive, for instance dia-
betes mellitus, where worsening is expected with higher age
[21]. Under these circumstances increasing prescription
drug use among elderly is expected and may partly explain
the higher rate of prescription drug use among the patients.
The prescribing cascade may help to explain, why the
elderly use more prescription drugs despite adjustment for
multimorbidity level. The prescribing cascade is described
to start as an adverse drug reaction that is misinterpreted
as a new diagnosis. A new drug is prescribed to treat this
“new” diagnosis, and at worst an adverse drug reaction
against the new prescription drug is once again misinter-
preted as a new diagnosis and another drug is prescribed
[22]. With higher age and more diagnoses it is more likely
that the elderly are put at risk of this prescribing cascade.
The above may to some extent explain why the elderly have
higher odds ratios and rate of prescription drug use, which
calls for better quality in drug treatment in the elderly.
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The difference in odds ratio of having prescription
drugs according to age is less prominent, when prescrip-
tion drugs issued in primary health care are compared
with prescription drugs in the total population [8]. Since
many elderly with chronic diseases are treated in pri-
mary health care in Sweden, we would rather expect that
the differences would be greater in primary health care
compared to studies where the total population was ex-
amined. It could be that GPs have a more holistic
approach and that GPs are better at evaluating prescrip-
tion drugs [23]. It could also be that GPs to a lower ex-
tent tend to follow treatment guidelines [24].
Gender
Males had significantly lower odds ratio of having prescrip-
tion drugs compared to females, despite adjustment for
multimorbidity level. This situation has been shown before
in studies carried out on the total population [6,25], but
rarely with adjustment for multimorbidity level and rarely
only in a primary healthcare population.
Females tend to utilise health care more often than

males [26], which may partly explain the gender difference.
Females also tend to seek more preventive care than males
[27], which may further contribute to the gender difference.
There is a gender difference in which diagnoses females
and males are diagnosed with, and a former study indicates
that this gender difference in morbidity may partly explain
the gender difference in odds of having prescription drugs
[28]. Former studies have shown that there is variability
between how physicians prescribe drugs and it is pos-
sible that this may affect the gender difference [29]. It
is puzzling that the odds ratio for males in the population
to have at least one prescription drug is quite low
(OR 0.66), while males among patients in parallel
have a higher rate of prescription drug use (IRR 1.06).
This could be interpreted as the barrier to initiate
prescription drug treatment being higher for males. It
is also possible that there is a gender difference in
compliance to drug treatment, which has been indicated
in some studies [30,31].
The gender difference regarding odds ratios of having

prescription drugs is less distinct when prescription drug
use issued in the primary health care is compared with
the total prescription drug use [8]. This could partly be
explained by the fact that in Sweden, at the time of the
study, oral contraceptive drugs were not prescribed by
GPs in primary health care, but mainly issued by midwives
belonging to secondary care.
Income
Individuals and patients with the highest level of income
had the lowest odds ratio and rate of prescription drug
use issued in primary health care. Individuals with the
second to lowest income had the highest odds ratio of
having prescription drugs.
Despite adjustment for multimorbidity level there are

substantial differences between the lowest and highest
levels of income in drug use in primary health care. This
is interesting since theses differences cannot be explained
by differences depending on multimorbidity level between
the different levels of income. Individuals with the lowest
level of income had not the highest but next to highest
odds ratio of having prescription drugs. This condition
may be interpreted as if the individuals with the lowest
level of income were unable to afford the prescribed
drug, which has been seen before [6]. In Sweden,
there is a high cost threshold system for prescription
drugs, which implicates that the patients do not pay more
than a defined amount for prescription drugs, SEK 2200
(EUR 248), annually. Despite this benefit system, it may be
interpreted in this study as both individuals and patients
with the lowest level of income did not purchase their
prescribed drugs issued in primary health care.
The difference between the different income levels

in odds ratio of having prescription drugs was larger
when prescriptions issued by only GPs were examined
compared to the differences seen in another of our
studies where the prescription of drugs in the total
population was examined [8]. This indicates that there is a
social gradient in the way primary health care is provided.

Education
Individuals and patients with the lowest level of education
had the highest odds ratio and rate of prescription drug
use issued in primary health care.
Former studies have shown that individuals with lower

socioeconomic status appear to a lesser extent to act on
information regarding health risks, e.g. smoking [32]. In
many of our common chronic diseases, e.g. diabetes, hyper-
tension and hyperlipidaemia, lifestyle changes are a first
point of action, and if individuals with lower socioeconomic
status do not act on the physicians’ recommendations of
lifestyle changes, this may lead to both higher odds ratio
and rate of drug use. Utilisation of health care differs ac-
cording to socioeconomic status with a higher consultation
rate among individuals with low socioeconomic status [33].
This may lead to increased odds ratio of having prescription
drugs among individuals with lower socioeconomic status.
The difference between the different educational levels

in odds ratio of having prescription drugs was also larger
when prescription drugs issued by only GPs was examined
compared to when the prescription of drugs in the total
population was examined [8].

Interactions
When data were analysed for each educational level
the rate of prescription drug use among patients in
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every income level followed the same pattern as in
Model 1. This means that also at different educational
levels the income level still affects the rate of prescription
drug use among patients.
Individuals with the lowest income level had the lowest

odds ratio of having prescription drugs if they belonged to
educational level 2 or above. This means that the poorest
individuals use drugs to a lesser extent if they have
completed only primary school. This elucidates further
that there is a social gradient in the way primary health
care is provided.

Limitations
ACG Case-Mix uses diagnoses to calculate multimorbidity
level. It is, therefore, dependent on the quality of registration
of diagnoses. The recording of diagnoses was not validated
in this study, but a former study in Sweden has shown that
75% of the population have at least one diagnosis-registered
encounter with a GP during a three-year period [34].
Even if all the prescription drugs in this study were issued

in primary health care, some of the prescriptions were
probably originally initiated in secondary care. That is,
some of the prescriptions are probably iterations from
secondary care and hence do not necessarily entirely reflect
the prescribing of drugs in primary care.
In this study we examined the prescription drugs that

were collected from the pharmacies and not the prescrip-
tion drugs that were actually prescribed by the doctors. If
the compliance was inadequate, the collection of drugs
does not adequately reflect the prescribing of drugs.
We were not able to assess illicit drug use, and these

drugs were not included in this study.
It would have been interesting to include the level of

general practitioners in the multi-level analysis but in
the Swedish Prescribed Drugs Register we had access
only to data down to Primary Health Care Centre level.

Conclusion
There is a large difference in prescription drug use with
regard to age, gender and socioeconomic status in primary
health care after adjustment for multimorbidity. This
implicates that the prescription drug use is not equal in
society, and that factors other than medical ones affect the
prescribing of drugs. This should be emphasised to both
decision-makers and medical staff.
Additional file

Additional file 1: Table S1. Odds ratios and incidence rate ratios of
prescription drug use in different income levels by educational level after
adjustment for gender, age and multimorbidity level. Table S2. Odds
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multimorbidity levels (RUB 0-5) by age group after adjustment for gender
and level of income.
Competing interests
The authors declare that they have no competing interests.

Authors’ contributions
JS drafted the manuscript and participated in the design of the study. PM,
AB and JST helped to draft the manuscript. AH performed the statistical
analysis, helped to draft the manuscript, handled the data set and designed
the study. All authors read and approved the final manuscript.

Acknowledgements
This study was supported by grants from the Swedish Governmental
Funding of Clinical Research within the Swedish Public Health System.
We are indebted to Lise Keller Stark for her expertise and advice in
proofreading the manuscript.

Author details
1Department of Clinical Sciences in Malmö, Center for Primary Health Care
Research, Lund University, SE-205 02 Malmö, Sweden. 2Stanford Prevention
Research Center, Stanford University School of Medicine, Stanford, CA, USA.
3Research Unit of General Practice, Institute of Public Health, University of
Southern Denmark, J.B. Winsløws Vej 9A, DK-5000 Odense C, Denmark.

Received: 4 June 2014 Accepted: 24 October 2014

References
1. Correa-de-Araujo R, Miller GE, Banthin JS, Trinh Y: Gender differences in

drug use and expenditures in a privately insured population of older
adults. J Womens Health (Larchmt) 2005, 14(1):73–81.

2. Roe CM, McNamara AM, Motheral BR: Use of chronic medications among
a large, commercially-insured US population. Pharmacoepidemiol Drug Saf
2002, 11(4):301–309.

3. Bajcar JM, Wang L, Moineddin R, Nie JX, Tracy CS, Upshur RE: From
pharmaco-therapy to pharmaco-prevention: trends in prescribing to
older adults in Ontario, Canada, 1997–2006. BMC Fam Pract 2010,
11:75. 2296-11-75.

4. Weitoft GR, Rosen M, Ericsson O, Ljung R: Education and drug use in
Sweden–a nationwide register-based study. Pharmacoepidemiol Drug Saf
2008, 17(10):1020–1028.

5. Haider SI, Johnell K, Weitoft GR, Thorslund M, Fastbom J: The influence of
educational level on polypharmacy and inappropriate drug use: a
register-based study of more than 600,000 older people. J Am Geriatr Soc
2009, 57(1):62–69.

6. Weitoft GR, Ericsson O, Fastbom J: Prescription drugs: health in Sweden:
the national public health report 2012. chapter 18. Scand J Public Health
2012, 40(9 Suppl):293–304.

7. Koberlein J, Gottschall M, Czarnecki K, Thomas A, Bergmann A, Voigt K:
General practitioners’ views on polypharmacy and its consequences for
patient health care. BMC Fam Pract 2013, 14(1):119. 2296-14-119.

8. Thorell K, Skoog J, Zielinski A, Borgquist L, Halling A: Licit prescription drug
use in a Swedish population according to age, gender and
socioeconomic status after adjusting for level of multi-morbidity.
BMC Public Health 2012, 12:575. 2458-12-575.

9. Barnett K, Mercer SW, Norbury M, Watt G, Wyke S, Guthrie B: Epidemiology
of multimorbidity and implications for health care, research, and
medical education: a cross-sectional study. Lancet 2012, 380(9836):37–43.

10. Beckman A, Anell A: Changes in health care utilisation following a reform
involving choice and privatisation in Swedish primary care: a five-year
follow-up of GP-visits. BMC Health Serv Res 2013, 13:452. 6963-13-452.

11. Almkvist H, Bergman U, Edlert M, Juhasz-Haverinen M, Pehrsson A, Bergen-Dahl
GT, Veg A, Wettermark B: Quality reports reduce drug costs in primary health
care. Stockholm County Council a model for decentralized expenditure
responsibility. Lakartidningen 2008, 105(42):2930–2934.

12. Animerade befolkningspyramider 1968–2010 S. Animated population
pyramids. https://www.h5.scb.se/kommunfakta/pyramider/index.asp

13. Wirehn AB, Ostgren CJ, Carstensen JM: Age and gender differences in the
impact of diabetes on the prevalence of ischemic heart disease: a
population-based register study. Diabetes Res Clin Pract 2008, 79(3):497–502.

14. Starfield B, Weiner J, Mumford L, Steinwachs D: Ambulatory care groups:
a categorization of diagnoses for research and management. Health Serv
Res 1991, 26(1):53–74.

http://www.biomedcentral.com/content/supplementary/s12875-014-0183-8-s1.docx
https://www.h5.scb.se/kommunfakta/pyramider/index.asp


Skoog et al. BMC Family Practice 2014, 15:183 Page 8 of 8
http://www.biomedcentral.com/1471-2296/15/183
15. Weiner JP, Starfield BH, Steinwachs DM, Mumford LM: Development and
application of a population-oriented measure of ambulatory care
case-mix. Med Care 1991, 29(5):452–472.

16. Zielinski A, Kronogard M, Lenhoff H, Halling A: Validation of ACG Case-mix
for equitable resource allocation in Swedish primary health care.
BMC Public Health 2009, 9:347. 2458-9-347.

17. Calderon-Larranaga A, Poblador-Plou B, Lopez-Cabanas A, Alcala-Nalvaiz JT,
Abad-Diez JM, Bordonaba-Bosque D, Prados-Torres A: Does the pharmacy
expenditure of patients always correspond with their morbidity burden?
exploring new approaches in the interpretation of pharmacy expenditure.
BMC Public Health 2010, 10:244. 2458-10-244.

18. The National Board of Health and Welfare. Statistics prescription drugs
expenses in Sweden in 2012. http://www.socialstyrelsen.se/register/
halsodataregister/lakemedelsregistret

19. The World Health Organization. http://www.whocc.no/ddd/
definition_and_general_considera/

20. Mwalili SM, Lesaffre E, Declerck D: The zero-inflated negative binomial
regression model with correction for misclassification: an example in
caries research. Stat Methods Med Res 2008, 17(2):123–139.

21. Kahn SE, Cooper ME, Del Prato S: Pathophysiology and treatment of type
2 diabetes: perspectives on the past, present, and future. Lancet 2014,
383(9922):1068–1083.

22. Geller AI, Nopkhun W, Dows-Martinez MN, Strasser DC: Polypharmacy and
the role of physical medicine and rehabilitation. PM R 2012, 4(3):198–219.

23. Chew-Graham CA, Hunter C, Langer S, Stenhoff A, Drinkwater J, Guthrie EA,
Salmon P: How QOF is shaping primary care review consultations: a
longitudinal qualitative study. BMC Fam Pract 2013, 14:103. 2296-14-103.

24. Ekesbo R, Midlov P, Gerward S, Persson K, Nerbrand C, Johansson L: Lack of
adherence to hypertension treatment guidelines among GPs in southern
Sweden-a case report-based survey. BMC Fam Pract 2012, 13:34. 2296-13-34.

25. Stock SA, Stollenwerk B, Redaelli M, Civello D, Lauterbach KW: Sex differences
in treatment patterns of six chronic diseases: an analysis from the German
statutory health insurance. J Womens Health (Larchmt) 2008, 17(3):343–354.

26. Simoni-Wastila L: Gender and psychotropic drug use. Med Care 1998,
36(1):88–94.

27. Schappert SM, Burt CW: Ambulatory care visits to physician offices,
hospital outpatient departments, and emergency departments: United
States, 2001–02. Vital Health Stat 13 2006, 159:1–66.

28. Skoog J, Midlov P, Borgquist L, Sundquist J, Halling A: Can gender
difference in prescription drug use be explained by gender-related
morbidity?: A study on a Swedish population during 2006. BMC Public
Health 2014, 14(1):329. 2458-14-329.

29. Wun YT, Chan CS, Dickinson JA: Determinants of physicians’ attitude
towards prescribing. J Clin Pharm Ther 2002, 27(1):57–65.

30. Wallach-Kildemoes H, Andersen M, Diderichsen F, Lange T: Adherence to
preventive statin therapy according to socioeconomic position. Eur J Clin
Pharmacol 2013, 69(8):1553–1563.

31. Mukherjee S, Sharmasarkar B, Das KK, Bhattacharyya A, Deb A: Compliance
to anti-diabetic drugs: observations from the diabetic clinic of a medical
college in kolkata, India. J Clin Diagn Res 2013, 7(4):661–665.

32. Adler NE, Newman K: Socioeconomic disparities in health: pathways and
policies. Health Aff (Millwood) 2002, 21(2):60–76.

33. Carr-Hill RA, Rice N, Roland M: Socioeconomic determinants of rates of
consultation in general practice based on fourth national morbidity
survey of general practices. BMJ 1996, 312(7037):1008–1012.

34. Carlsson L, Strender LE, Fridh G, Nilsson GH: Clinical categories of patients
and encounter rates in primary health care - a three-year study in
defined populations. BMC Public Health 2006, 6:35.

doi:10.1186/s12875-014-0183-8
Cite this article as: Skoog et al.: Drugs prescribed by general
practitioners according to age, gender and socioeconomic status after
adjustment for multimorbidity level. BMC Family Practice 2014 15:183.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit

http://www.socialstyrelsen.se/register/halsodataregister/lakemedelsregistret
http://www.socialstyrelsen.se/register/halsodataregister/lakemedelsregistret
http://www.whocc.no/ddd/definition_and_general_considera/
http://www.whocc.no/ddd/definition_and_general_considera/

	Abstract
	Background
	Method
	Results
	Conclusion

	Background
	Methods
	Study population
	Independent variables
	Dependent variable
	Statistics

	Results
	Age
	Gender
	Income
	Education
	Interactions

	Discussion
	Age
	Gender
	Income
	Education
	Interactions
	Limitations

	Conclusion
	Additional file
	Competing interests
	Authors’ contributions
	Acknowledgements
	Author details
	References

