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Abstract

Background: There are differences in drug use depending on non-medical factors
such as age, gender and socioeconomic status. The combined effect of these factors,
with adjustment for multimorbidity, is highly relevant to study to ensure equality in
drug use.

Objectives: 1. To examine drug use related to age, gender, income and education after
adjustment for multimorbidity, in an entire adult population and in a population
where prescription drugs were issued only by general practitioners. 2. To analyse if
gender-related morbidity explains the differences in drug use. 3. To examine to what
extent the elderly may lack indication for treatment.

Methods: Register-based methods were applied in all papers, using data from
Ostergptland County. To estimate multimorbidity the ACG-Case Mix was used in all
papers. Drug use depending on age, gender, income- and educational level, after
adjustment for multimorbidity, was analysed in the entire adult population in Paper
I, and in the primary healthcare population in Paper III. In Paper II diseases tending
to afflict females more frequently were identified, together with the prescription drugs
used to treat these diseases. Drug use was analysed before and after exclusion of these
identified prescription drugs. In Paper IV the proportion of patients 65 years or older
having indication for a number of their prescription drugs, identified as inappropriate
for elderly, was examined, with further analysis of what may affect the result.

Results: Significant differences in drug use were identified depending on age, gender,
income and education, despite adjustment for multimorbidity. The elderly, females
and individuals with the lowest levels of income and education had higher drug use.
The differences persisted when drug use in primary healthcare was examined. The
gender difference in drug use decreased when prescription drugs used to treat diseases
afflicting females more often were excluded from the analyses. Less than half of the
patients’ prescription drugs (45.1%), studied in Paper IV had indication for
treatment. The oldest patients had to the lowest extent indication for treatment.

Conclusion: The patients’ age, gender, income and education affect the drug use,
despite adjustment for multimorbidity. Gender-related morbidity seems to explain
some of the gender difference in drug use, and lack of indication for treatment among
the elderly explains some of the age difference.
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Background

Drug use is one of the healthcare system’s most important methods to prevent and
treat diseases. Billions of prescription drugs are consumed daily by patients all over
the world, and drug use acts as an important method to relieve symptoms and cure
diseases. Nevertheless, drug use is associated with great costs and may also be harmful,
if the patients develop drug-related problems from their treatment. Thus, on behalf of
both the patients and society it is highly important that the drug use is secure,
effective and well motivated.

Drug use may be studied on several levels. In any case, drug use must originate from a
patient-doctor consultation involving a health problem. Many stages are passed,
before a prescription drug is recommended and later actually used. Non-medical
factors such as the patients’ age, gender, and socioeconomic status have proven to
affect drug use. A model to study this was developed by Weitoft et al. in 2008 and is
presented below in a modified form (Figure 1).

Age
Gender
Income

Education

A. Health B. Healthcare C. Drug .
problem prescription dispensation

Figure 1.
Conceptual framework for examining non-medical factors on drug use. Modified from Weitoft et al.
2008 (1).

E. Drug
consumption

In each frame non-medical factors may influence the outcome. Former research has
mainly focused on single factors, but in this thesis the overall effect of the non-
medical factors is examined. Multimorbidity is considered to be an obvious factor
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affecting the drug use, but despite this, the multimorbidity of the patients has scarcely
been taken into account in former studies, where non-medical factors’ effect on drug
use has been studied. In this thesis, using register-based methods, the focus was on
how age, gender, income and education, together, affected the outcome in frames C-
D after adjustment for multimorbidity. Thus, epidemiological methods were used to
reflect what happens during and after the patient-doctor consultation with focus on
drug use.

Drug use

In Sweden, the use of prescription drugs per person has been increasing yearly up
until 2011, where there was a peak in drug use. During 2012-2013 the use of
prescription drugs decreased slightly, but in 2014 drug use in the adult population
increased again (2). New prescription drugs are continuously released on the market,
and former prescription drugs get new indications. Due to better care-taking and
improved treatment in healthcare, the population in Sweden is growing older (3),
which also contributes to a higher level of prescription drug use (4). Dentists and
some nurses have a limited right to prescribe drugs in Sweden, but the drug
prescribing is to highest extent carried out by physicians.

Drug use is a major financial expenditure to the Swedish Government. During 2013
the total costs for prescription drugs in Sweden amounted to 36.4 billion SEK (3.84
billion Euro) (5) , which in turn represent 10-12% of healthcare costs in Sweden (6).

The Swedish healthcare system

According to the Swedish Healthcare Act the goal for healthcare in Sweden is good
health and care on equal terms in the entire population. Healthcare should be
provided with respect for human equality and dignity. Those who are most in need of
care shall be given preference (7).

In 2011 the first national prescription drug strategy was formed. One of the five long-
term goals to achieve equality in healthcare was to ensure equal drug use (8).

The Swedish healthcare system is financed through taxes. The twenty county councils
are responsible for providing healthcare, which in turn is divided into primary
healthcare and specialised care. Private healthcare providers accounted for
approximately 16.6% of the healthcare costs financed through taxes during 2013 and
act both within primary healthcare and specialised care (9).

In case of health problems patients are supposed to first contact their Primary
healthcare centre (PHC) in order to see a nurse or their general practitioner (GP).
GPs handle the majority of the patients’ healthcare problems. If there is a need for
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major investigations and specialised examinations, or if in need of a second opinion,
the patients are referred to specialists in secondary care.

Secondary care is essentially provided at hospitals, both as inpatient and outpatient
care. The most advanced care is provided at the larger university hospitals and more
regular specialised care is provided at smaller local hospitals.

In Sweden there is a high cost threshold system for drug use and the patients’
expenditures for prescription drugs are to a high extent reimbursed. There is a gradual
reimbursement up to 2200 SEK (232 Euro), which is the largest amount the patients
pay for their prescription drugs during one year. The governmental agency, the
Dental and Pharmaceuticals Benefit Agency is responsible for deciding which
prescription drugs are granted reimbursement and subsequently included in the high
cost threshold system (10). There is a continuous review of previous decisions, and
prescription drugs that were earlier reimbursed may lose their reimbursement status.

There is also a high cost threshold system for outpatient healthcare, where the
patients’ expenditures for healthcare are reimbursed to a high extent. The patients pay
between 100 and 400 SEK (9.5-38 Euro) for each visit, depending on level of
healthcare and county. The outpatient healthcare is fully reimbursed, when the
amount reaches 1100 SEK, which is the highest expenditure patients in Sweden have
for healthcare during one year (11).

Prescription drug use and age

The population in Sweden and the Western countries is ageing (3,12). In 1970 the
population in Sweden aged 65 years or older represented 13.8% of the total
population, and in 2014 the population aged 65 years or older constituted as much as
19.6% of the total population (3). Chronic illness is more common at older age (13).
When a patient has more than one chronic disease, the patient is said to have
multimorbidity (14), which is associated with increased drug use (4). The patients in
Sweden use on average 5 prescription drugs daily, when the entire population is
examined. The number increases with age, and patients aged 70 years or older use on
average 8 prescription drugs on a daily basis (15). Treating elderly and multimorbid
patients with prescription drugs puts high demands on the physicians. Elderly
patients are rarely included in randomised controlled clinical drug trials (16), and the
benefit of drug use of elderly and multimorbid patients is often extrapolated from
studies conducted on both younger and healthier patients. Physiological alterations in
the elderly and multimorbid patients must be taken into consideration, as well as the
high number of different physicians the elderly see and, furthermore, the interaction
between two authorities involved in the care of the elderly patients. Routinely renewal
of prescription drugs is another challenge to appropriate prescription drug use among
the elderly.
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There is no universally established definition of polypharmacy. The use of five
prescription drugs daily seems after all to be accepted as polypharmacy (17).
Polypharmacy increases the risk of developing “The prescribing cascade’, which is
described as side effects of a prescription drug misinterpreted as a new disease or
medical condition leading to prescription of a new drug (18,19), increasing the risk of
additional polypharmacy among elderly and multimorbid patients. Polypharmacy also
increases the risk of drug-related problems (20) such as ADRs, which is defined by the
World Health Organization (WHO) as “a response to a drug which is noxious and
unintended, and which occurs at doses normally used in man for the prophylaxis,
diagnosis, or therapy of disease, or for the modifications of physiological function”
(21) . Thus, ADRs include side effects of prescription drugs, lack of effect and
interactions between different prescription drugs, which in turn increase the risk of
need of medical care. At worst, ADRs may lead to hospital admission, and up to 30%
of the elderly patients’ care events are caused by ADRs (22-25).

Due to physiological changes in the body, elderly patients are more susceptible to
ADRs (26). The body water decreases, leading to a higher proportion of body fat.
This affects the pharmacokinetics, which may be described as the way the body affects
the prescription drug (27). The increase of body fat may lead to a prolonged effect of
fat-soluble prescription drugs, for example long-acting benzodiazepines, because of
higher distribution volume (26,28). Renal function also decreases with age, leading to
decreased elimination of prescription drugs and risk of accumulation of drugs (28).
Alterations in many organ systems also contribute to the sensitivity, and this affects
the pharmacodynamics, which may be described as the way the prescription drug
affects the body (27). The body of elderly patients is for example more sensitive to
prescription drugs acting on the central nervous system, for example anti-cholinergic
drugs.

Because of high level of multimorbidity elderly patients often have many caregivers,
for example PHCs, acute care hospitals and rehabilitation departments. In the
majority of the county councils in Sweden there is no common medication list for the
patients, i.e. every care provider has his/her own prescription drug list. Thus, a correct
and complete medication list is highly dependent on good communication between
the different care providers, something that unfortunately was proved to be
inadequate (29,30). Many caregivers implicate many prescribers, a circumstance that
may lead to further drug-related problems (31). In Sweden, since 1992, the 290
municipalities have the responsibility for the home care of those elderly patients that
cannot cope themselves (32). The home care is mainly provided by nurses, assistant
nurses and home help, ideally in close contact with the patients’ GPs. Thus, two
authorities are involved in the care of the elderly patients, putting high demands on
good cooperation for the benefit of the patients.

Already in the 80s WHO started their work on improving the drug use among the
elderly, and in 1997 the first report was written on this topic (33). One of the first
steps towards a correct and safe drug use among elderly patients was confirmed to be
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ensuring that all the prescription drugs used by the patients have an indication, i.e.
correct diagnoses are linked to all of the prescription drugs the patients are using.
Apart from the above, according to WHO, following criteria must, furthermore, be
met before pharmacological treatment should start: 1. The treatment must have an
effect on the disease, and 2. The treatment should involve few or no side effects (33).

In order to improve the quality in drug use among elderly patients efforts have been
made to define criteria for appropriate drug use. The most widespread criteria are the
Beers Criteria for Potentially Inappropriate Medication Use in Older Adults (34).
However, many of the listed prescription drugs in the Beers Criteria are not available
in Europe, and therefore many European countries have developed criteria of their
own (35-37). In Sweden, the National Board of Health and Welfare (NBHW) has
written a report about indicators for satisfactory drug use among elderly patients (20).
The aims of the report were to act as a support to the prescribers to enhance drug use
among the elderly, while at the same time serving as a basis for monitoring and
epidemiological research. The report contains both diagnosis-specific and drug-
specific indicators. The diagnosis-specific indicators describe proper versus irrational
drug use at the eleven most common diagnoses among the elderly. The drug-specific
indicators describe different treatment regimens that lead to good quality in drug use.
The drug-specific indicators list for example prescription drugs that should be
avoided, prescription drugs for which a correct indication is of particular importance,
inappropriate regimens and dosages, and combinations of prescription drugs that may
lead to harmful interactions.

The NBHW also claims that an accurate and correct diagnosis is fundamental for
good quality drug use. Lack of indication to prescription drugs has unfortunately
been shown to occur among elderly patients (38,39), which may increase the risk of
unnecessary treatment and irrational drug use.

Drug use and gender

There are inequalities between the genders regarding health services. In Sweden, as
well as in other Western countries, females tend to live longer than males (3,12). On
the other hand, females tend to have a higher morbidity than males (40), which at
times has been referred to as the gender paradox (41). The consulting rates differ
between the genders, and females tend to seek more healthcare than males (42-44).
Females are to a lesser extent included in clinical trials compared to males (45).

The differences in drug use between the genders have been investigated in several
studies. Studies from the United States have shown that females purchased between
20-38% more prescription drugs than males (46,47). Likewise, European studies
showed a gender difference, where females had a drug use up to 19% higher than
males (48,49). Another European study showed higher risk of polypharmacy among
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females compared to males (50). There is thus convincing evidence that females use
more prescription drugs than males. Former studies have, however, rarely taken the
patients” multimorbidity into consideration.

The quality in drug use is not equal between the genders. Females seem to be more
prone to ADRs compared to males (49,51). Higher levels of polypharmacy among
females as well as the fact that females are more likely to be prescribed inappropriate
drugs may be explanatory factors (52,53). A higher sensitivity to ADRs may,
furthermore, be explained by differences in pharmacokinetics and pharmacodynamics
between the genders (54). Due to differences in for example body size, body fat, liver
and renal activity, the absorption, distribution, metabolism and elimination of drugs
differ between the genders, leading to generally prolonged effects of prescription
drugs on females.

Females and males tend to fall ill with different diseases (55,56). A report from the
Swedish National Institute of Public Health (nowadays the Public Health Agency of
Sweden) in 2012 states that females to higher extent are afflicted with for example
asthma, chronic obstructive pulmonary disease (COPD), cystitis, dementia,
depression and anxiety disorders, insomnia, migraine, osteoarthritis, stroke and
thyroid gland disorders (55). In the report, the disability-adjusted life year (DALY)
was used to measure the burden of disease. The DALY concept was elaborated by the
WHO and the World Bank to measure the burden of disease in the population,
taking into consideration both mortality and disability (57,58). The DALY is a time-
based measure that combines years of life lost due to premature mortality and years
spent living in states of less than full health. DALY is the sum of life years lost due to
premature mortality and years lived with disability, adjusted for severity. To put it
simply, 1 DALY means one lost healthy year (57,59). It is likely that this gender-
related morbidity may affect the drug use.

Drug use and socioeconomic factors

There is a social gradient in health. Individuals who are well-off have in general better
health status (60) and health-related problems are more common among individuals
with lower socioeconomic status (61). There is also inequality in drug use where
individuals with lower socioeconomic status use more prescription drugs (17).
Socioeconomics may be measured by different factors like income, education,
occupation, wealth, unemployment and single households, but income, occupation
and education are the most widely used measurements (61,62). In this thesis income
and education were used.

Education is supposed to capture the individual’s knowledge asset. Education
measures socioeconomics during the transition from childhood to adulthood and it
reflects social opportunities for education and remains constant during the adult life.
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Education is shown to be a strong determinant of future employment and income
(61). Income measures material assets. It measures directly the financial possibilities at
the present time and reflects for example residence, work, food-intake and physical
exercise, factors that may affect the health status of the individual (61).

Low educational level is associated with greater likelihood of drug use (1,63).
Likewise, polypharmacy and inappropriate drug use are more frequent among
individuals with low educational level (17). Low educational level is, furthermore,
associated with noncompliance with guidelines (64). On the other hand, regarding
drug treatment with statins (65), drug treatment for dementia (66) and climacteric
complaints (67,68) individuals with higher socioeconomic status have higher drug
use. The relationship between drug use and income is less studied but low income
seems to be associated with both inappropriate drug use, and greater likelihood of
drug use (69-71). As for gender, former studies on drug use according to education
and income have rarely taken the patients’ multimorbidity into consideration.

Drug use in primary healthcare

As in most Western European countries, the first-line healthcare in Sweden is primary
healthcare. GPs work almost exclusively together at PHCs alongside specialist nurses,
who to a high extent have their own surgery. In contrast to other Western Europeans
countries, in Sweden, the GPs do not have a gate-keeping function. In case of health
problems the individuals cannot handle themselves, they are supposed to get in
contact with their GP to get a primary evaluation of their health status. In Sweden,
GPs handle the majority of the diseases afflicting the patients. 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. When the patient seeks secondary care, the liability regarding the
prescribing of drugs accompanies the patient, regardless of whether the patient was
referred. Thus the prescribing of drugs is shared between primary and secondary care.

Drug use is thus initiated at different levels of healthcare in Sweden. When non-GP
caregivers initiate drug use, it is not uncommon to assign the responsibility of
evaluation of the prescription drug effect to the patients’ GPs (72). In such cases of
lacking continuity, it is important that information about the indication and expected
effects, as well as whether the drug use is temporary or continuous, is passed on to the
GPs. Unfortunately, the communication around the patients when transferred
between different caregivers has been shown to be inadequate (29,30). Nevertheless, it
is hard for any physician to evaluate the effect of a prescription drug not initiated by
him-/herself and it is easy to assume that GPs do not feel certain about evaluating
prescription drugs initiated by specialists and vice versa — situations that may lead to
unnecessary drug use.

19



Primary healthcare is performed in different socioeconomic environments. GPs
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
(73). This approach may have influence on drug use.

Indexes to describe multimorbidity

Most of the studies referred to in the above regarding drug use do not take the
patients’ multimorbidity into consideration. There are many indexes to describe
multimorbidity, for example the Charlson Comorbidity Index, the Elixhauser et al.
Comorbidity Measure, and the Kaplan and Feinstein Index. The aim of the Charlson
Comorbidity Index was to develop a method that could be applied in future studies
to classify comorbidities that may alter the risk of mortality (74). It is based on the
mortality rates of patients admitted to a general internal medicine department in New
York during one month. Sixteen diseases were selected and weighted by the strength
of their association with mortality, giving the patient a single comorbidity score. The
Elixhauser et al. Comorbidity Measure is a further development of the Charlson
Comorbidity Index and is based on all inpatient hospital stays in California during
one year (75). It identified 30 comorbidities that had a great impact on short-term
outcome in acute hospital patients. The Kaplan and Feinstein Index was developed as
a predictor of survival in some types of cancer (76). No ’gold standard’ index has been
established. In this thesis the Adjusted Clinical Groups (ACG) Case-Mix System was
used, which at the time of the studies was considered to be the best index to measure
multimorbidity, not least because it includes medical information from both primary
and secondary care. The ACG Case-Mix System has previously been described (77-
80) and is currently used by 175 healthcare providers and insurance companies
worldwide (81).

The ACG Case-Mix System was elaborated at the Johns Hopkins University (82). It
was primarily developed to predict healthcare utilisation in children, but was later
refined and modified to also include adults. The hypothesis for its elaboration was
that clustering of morbidity would be a better predictor of healthcare utilisation and
costs than the presence of specific diseases.

By using different building blocks, at the end, every individual is assigned a certain
ACG (n=93), which predicts the healthcare utilisation and cost for that specific
individual. The system assigns all International Classification of Diseases (ICD) codes
(ICD-9, 9-CM, -10) to Aggregated Diagnoses Groups (ADGs) (n=32) given to an
individual during a specific time period. The classification is based on five clinical
circumstances:
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5.

Duration of the condition (acute, recurrent, chronic): For how long will
healthcare resources be needed?

Severity of the condition (minor and stable vs. major and unstable): How
many healthcare resources will be required?

Diagnostic certainty (symptoms vs. documented disease): To what extent will
diagnostic examination be needed?

Etiology of the condition (infectious, injury, autoimmune, etc.): What kind
of healthcare services will be used?

Specialty care involvement: To what extent will specialist care be required?

Thus, every ICD code is classified to one of the 32 ADGs. Each ADG is a group of
ICD codes that are similar in terms of severity and likelihood of persistence. Two
examples of different ADGs are "Time limited: Minor-Primary Infectious’, which
could correspond to a viral infection, and ’Signs/Symptoms: Major’, which could
correspond to syncope. Thus, the same individual may have one or several ADGs,
depending on which diagnoses the individual have. The different ADGs are then
incorporated in an algorithm in which also age and gender are included. The final
algorithm assigns each individual an ACG, i.e. a morbidity group with a certain
expected healthcare utilisation and cost. The ACGs may further be clustered into six
Resource Utilization Bands (RUBs), 0-5, please see the Method section.
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Aims of the thesis

The general aim of this thesis was to describe how age, gender, income- and
educational level influence the drug use among adults after adjustment for
multimorbidity.

The specific aims were:

To investigate the odds of having prescription drugs and the rate of drug use
related to age, gender, income and education after adjustment for

multimorbidity. (Paper I)

To analyse whether the gender difference in Paper I can be explained by
gender-related morbidity. (Paper II)

To investigate the odds of having prescription drugs issued by GPs and the
rate of drug use among patients treated by GPs related to age, gender,
education and income after adjustment for multimorbidity. (Paper III)

To examine to what extent elderly patients have indication for a number of
their prescription drugs, identified by the Swedish National Board of Health
and Welfare as inappropriate drugs, and if there are any differences in having
indication for treatment related to age, gender, multimorbidity and income.
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Methods

Data collection

Sweden has one of the oldest healthcare registers in the world; the nationwide register
that registers cause of death was founded already in 1749 (83). The healthcare
registers in Sweden are well known for high quality. Because of a unique personal
identification number assigned to all Swedish residents, well-structured healthcare
system and trustworthy registers, it is excellent to perform register-based
epidemiological research in Sweden.

In all of the papers data were collected from the Care Data Warchouse in
Ostergotland (CDWO) database and the Swedish Prescribed Drug Register (SPDR)
(84) . In Papers I, III and IV, data were also collected from Statistics Sweden (85).

The CDWO database

Ostergotland County is situated about 200 km southwest of Stockholm and has
about 400 000 inhabitants. The age and demography in Ostergétland are similar to
the rest of Sweden (86).

The CDWO database was established in 1998. Initially the database included
information only on hospital care. In 1999 the database was expanded to include data
from primary healthcare, including private PHCs. Data from each healthcare
consultation, i.e. visits at PHCs, hospitals and inpatient care in Ostergtland County,
are transferred to the CDWO database once every month. Data consist of
information on diagnoses according to ICD-10, personal identification number,
healthcare unit visited, waiting time and staff category.

Data on the diagnoses were collected from the CDWO database during 2006 in
Paper I-III and during 2005-2006 in Paper IV.

The Swedish Prescribed Drug Register

The SPDR was founded in 1999, and since 2005 the personal identification number
is included in the register (84). The register is administered by the NBHW and holds
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complete information on all prescription drugs collected at pharmacies in Sweden.
Only prescription drugs that are in fact collected by patients are included in the
register. In case a drug is prescribed by a physician, but not collected by the patient,
the drug will not be included in the SPDR. There is no information on over-the-
counter drugs in the register. The SPDR does not hold information on the individual
physician level, but information about workplace and physician specialty is included.

Data were collected from the SPDR during 2006 in all of the studies.

Statistics Sweden

Statistic Sweden is an administrative agency (85). The main task is to supply statistics
for decision-making, research and debate. Another task is to support and coordinate
the Swedish system for official statistics. Statistics Sweden primarily serves the
government and other agencies.

Data were collected from Statistics Sweden about income and education in Papers I
and III and income in Paper IV.

Study participants and procedure

As described in the Background section the ACG Case-Mix System was used to
estimate multimorbidity. Every patient is assigned an ACG, and the ACG Case-Mix
System is further clustered into six RUBs, 0-5. Persons without need of healthcare
according to ACG are placed in RUB 0 and persons with a very high degree of
healthcare according to ACG are placed in RUB 5. A single chronic condition could
correspond to RUB 3, and a combination of certain chronic diagnoses could
correspond to RUB 4 or 5. The ACG Case-Mix System takes in consideration age
and gender only to some extent. Therefore, the analyses in this thesis are adjusted for
age and gender.

The individual disposable income was divided into quartiles, from the lowest to the
highest, with an equal number of individuals in each quartile. The individual income
includes earnings from employment and business, and income transfers (e.g., pension
payments, unemployment benefits, or paid sick leave), but not capital returns.

The educational 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).

Papers I and III
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All individuals aged 20 years or older in Ostergétland County during 2006 (n=313
977) were enrolled. Information on the individuals’ gender, age and diagnoses were
collected from the CDWO. Multimorbidity was estimated using the ACG Case-Mix
System. Information on drug use was collected from the SPDR. Information on
income and education was collected from Statistics Sweden. Information on
education was to a high extent incomplete in people aged 70 years or older, and
therefore this group of elderly was excluded, when the effect of educational level on
prescription drug use was analysed.

In paper I the utilisation of prescription drugs, stated as Defined Daily Doses
(DDDs), and total costs of prescription drugs in 2006 were the dependent variables.
In Paper III the utilisation of prescription drugs issued by a GP in 2006 was the
dependent variable. DDD is defined by WHO as the assumed average maintenance
dose per day for a prescription drug used for its main indication in adults (87). It is a
fixed unit of measurement that enables comparative research on prescription drugs.
The cost is defined as the National Corporation of Swedish Pharmacies’ sales price to
customers (AUP) during 2006 in SEKs. AUP is the sales price used by the pharmacies
when selling prescription drugs. It is determined by the Dental and Pharmaceuticals
Benefit Agency (10).

Paper II

As for Papers I and I, all individuals aged 20 years or older in Ostergotland County
during 2006 were enrolled. Information on the individuals’ gender, age and diagnoses
were collected from the CDWO, and multimorbidity was estimated using the ACG
Case-Mix System. Information on drug use was collected from the SPDR.

The utilisation of prescription drugs, stated as DDDs, was the dependent variable. A
report from the Swedish National Institute of Public Health (nowadays the Public
Health Agency of Sweden) was used to identify diseases that tend to afflict females
more frequently (55). In this report, the DALY was used to measure the burden of
disease (see Background). In total, Sweden reached 1 689 959 DALYs during 2006,
835 796 for males and 854 163 for females. In this paper, diseases were selected that
reached at least 7 500 DALYs in Sweden for both genders combined, and for which
females had a predominance of at least 20%. Prescription drugs commonly used to
treat these specific diseases were then identified using Swedish National Guidelines
(Table 1) (88,89) . Contraceptive drugs are a special case. These drugs are normally
used by healthy females as contraceptives and are not considered to treat any disease.
They may, however, explain some of the difference in drug use between the genders
and are hence identified as prescription drugs causing a gender difference in drug use.
The Anatomical Therapeutic Chemical (ATC) classification system was elaborated by
the WHO to enable internationally comparable studies on prescription drugs (90).
Active substances are classified in different groups according to the organ or system
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on which they act, and according to their therapeutic, pharmacological and chemical
properties. The drugs are divided into 14 main ATC groups, and these groups are
subsequently divided into five levels.

Table 1.
Prescription drugs that used to treat diseases and conditions that to a greater extent afflict females
compared to males

Disease or condition ATC code Prescription drugs
Contraception GO3A Contraceptive drugs
Climacteric complaints G03C Estrogens
GO03D Gestagens
Thyroid gland disorders HO03AA01 Thyroid hormones
Cystitis Jo1CA08 Pivmecillinam
JO1EAO1 Trimethoprim
JO1XEO1 Nitrofurantoin
Osteoarthritis Mo1 Anti-inflammatory and anti-rheumatic drugs
NO02BEO1 Paracetamol
Migraine N02C Migraine drugs, including triptans
Depression and anxiety disorders NO5BA Benzodiazepines
NO05BBO1 Hydroxyzine
NO5BE Buspirone
NOGA Antidepressant drugs, including Selective
Serotonin Reuptake Inhibitors (SSRIs)
Insomnia N05CD Derivates of benzodiazepines (e.g. nitrazepam)
NO5CF Benzodiazepine-related drugs (e.g. zolpidem)
NO05CM06 Propiomazine
Asthma and COPD RO3AC Selective beta-2-stimulants and inhalable
RO3AK corticosteroids
RO3BA02
RO3BA05
RO3BBO1
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Paper IV

All individuals aged 65 years or older in Ostergétland County during 2006 were
enrolled (n=77 978). Information on the individuals’ gender, age and diagnoses were
collected from the CDWO during 2005-2006. Multimorbidity was estimated using
the ACG Case-Mix System. Information on drug use was collected from the SPDR.
Information on income was collected from Statistics Sweden. The individuals were
further divided into 65-79 years and 80 years and above.

The proportion of the patients with correct diagnoses linked to the prescription drug
was the outcome. A report from the NBHW regarding satisfactory pharmacological
treatment among elderly patients was used to identify a number of prescription drugs,
for which it is particularly important to have accurate and up-to-date diagnoses
(Table 2). These prescription drugs were selected since there is a history of prescribing
these drugs without correct indications, and because ADRs are highly associated with
these drugs among the elderly. For each of these prescription drugs, diagnoses
validated as accurate were classified by means of the Swedish database of prescription
drugs (Table 3) (91) . Originally, the list from the NBHW also contained cox-
inhibitors (NSAIDs), paracetamol and opioids. Since it is very hard to establish which
diagnoses that are valid as accurate, not leaving any out, for example cancer or other
chronic painful diseases, these drugs were excluded from the study.

Table 2.
Prescription drugs for which an accurate and up-to-date diagnosis is particularly important in elderly
patients

Prescription drugs
Antipsychotic drugs
Proton pump inhibitors
Digoxin

Loop diuretics

SSRIs

Cox-inhibitors (NSAIDs)
Paracetamol

Opioids
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Table 3.

Prescription drugs and their valid accurate diagnoses (Paper IV)

Prescription drugs
Antipsychotic drugs

Proton pump inhibitors

Digoxin

Loop diuretics

SSRIs

ATC codes
NO5A excluding
NO5AN

A02BC

CO1AA05

C03C

NOGAB
NO06AX

Accurate diagnoses
Schizophrenia

Bipolar disorder
Severe aggression in
Alzheimer’s disease

Gastroesophageal reflux
Stomach ulcer

Ulcer in the duodenum
Ulcer in stomach or
duodenum

Heart failure

Atrial fibrillation
Pulmonary edema
Heart failure
Hypertension

Edema

Kidney failure

Liver failure

Depression

Social anxiety disorder
Panic disorder
Obsessive-compulsive
disorder

ICD-10 codes

F22
F23
F24
F25
F31
FI1
G30
F0O
K21
K25
K26
K27

150
148
781
150
110
RGO
N18
K72
F31
F32
F33
F40
F41
F42
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Statistical analyses

The statistical analyses in Paper I was performed using STATA version 10, and in
Papers II-IV STATA version 12 was used (Stata Corporation, Texas, USA).

Papers I and III

The best statistical method 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 any prescription drugs (92). This model performs two
analyses in parallel. One analysis is similar to logistic regression and answers the
question of what the odds are for the individual to belong to the population with
prescription drugs. This analysis gives odds ratios (ORs) of having prescription drugs,
and 95% confidence intervals (Cls). 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
analysis gives incident rate ratios (IRRs) for prescription drug use, and 95% Cls. In
Paper I odds ratios of having prescription drug costs, and incidence rate ratios for
prescription drug costs (SEK) were also analysed.

A multi-level analysis was performed in Paper III in order to examine if the
differences in the drug use were dependent on the different PHCs.

In Paper I four models were generated: Model 1 adjusted for multimorbidity and
gender, Model 2 adjusted for multimorbidity, gender and age, Model 3 adjusted for
multimorbidity, gender, age and income, Model 4 adjusted for multimorbidity,
gender, age and education. In Paper III two models were generated: Model 1 adjusted
for multimorbidity, gender, age and income, Model 2 adjusted for multimorbidity,
gender, age and education.

Paper II

Logistic regression was used to examine the odds of having prescription drugs, giving
odds ratios and 95% Cls. The prescription drugs that were identified to treat diseases
that afflict females to a higher extent, together with contraceptive drugs, were
excluded from the analyses. Three models were generated. Model 1 was adjusted for
multimorbidity and age. In Model 2 the prescription drugs were excluded one by one
in subsequent univariate analyses, after adjustment for multimorbidity. In Model 3 all
of the prescription drugs that caused a decrease in the gender difference in the
univariate analyses (Model 2) were excluded, after adjustment for multimorbidity.
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Paper IV

The proportion of patients with correct diagnoses linked to the prescription drugs was
analysed. Data were further analysed in different strata: for males and females alone,
for different age levels, for each multimorbidity level and for each income level. The
outcome was compared using chi’-test. Logistic regression was used to examine the
odds ratios of having indication for the different prescription drugs. The model was
adjusted for multimorbidity, age, gender and income.
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Ethical considerations

All of the studies used register-based data. Regarding the Swedish Prescribed Drug
Register the National Board of Health and Welfare removed the personal
identification number. Data from Statistics Sweden are anonymous. Data from the
Care Data Warehouse in Ostergotland were anonymised which means that the
outcome from the register cannot be linked to any individuals. The studies were
approved by the Research Ethics Committee at Linkoping University (Dnr 147/05
and 29/06).
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Results

The effect of age, gender, income and education on drug

use (Paper I)

The majority of the study population (66%) used prescription drugs.

The odds ratios of having costs for prescription drugs were similar to the odds ratios
of having prescription drugs and are consequently not reported.

After adjustment for multimorbidity, age and income, male individuals had lower
odds ratio of having prescriptions drugs (OR 0.45 (95% CI 0.44-0.46)) compared to
females. Among the patients, i.e., those in the population who had at least one
prescription drug, the gender difference in drug use considerably decreased (IRR 0.95
(95% CI 0.94-0.96)). Male patients had increased rates of costs compared to female
patients (IRR 1.22 (95% CI 1.21-1.24)) after adjustment for multimorbidity, age and
income (Table 4).

Individuals aged 80 years or older had higher odds ratio of having prescription drugs
(OR 9.09 (95% CI 8.33-10.0)) compared to individuals 20-29 years old after
adjustment for multimorbidity, gender and income. Patients aged 80 years or older
had higher rate of drug use (IRR 4.36 (95% CI 4.26-4.45)) and costs for drug use
(IRR 1.91 (95% CI 1.86-1.95)) compared to patients aged 20-29 years old after
adjustment for multimorbidity, gender and income (Table 4).

Individuals with the lowest level of income had the lowest odds ratio of having
prescription drugs and patients with the highest level of income had the lowest rate of
drug use (IRR 0.73 (95% CI 0.71-0.74)) and the lowest costs (IRR 0.71 (95% CI
0.70-0.72)) after adjustment for multimorbidity, age and gender (Table 4).
Individuals and patients with the highest level of education had the lowest odds ratio
of having prescription drugs (OR 0.89 (95% CI 0.85-0.93)), the lowest rate of drug
use (IRR 0.78 (95% CI 0.76-0.80)) and the lowest costs (IRR 0.92 (95% CI 0.89-
0.94)) after adjustment for multimorbidity, age and gender.
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The effect of gender-related morbidity on drug use (Paper II)

Gender difference in morbidity with predominance for females was identified for
anxiety disorders, asthma, COPD, cystitis, dementia, depression, insomnia, migraine,
osteoarthritis, stroke and thyroid gland disorders.

After adjustment for multimorbidity and age, males had lower odds ratio of having
prescription drugs (OR 0.45 (95% CI 0.45-0.46)). After excluding contraceptive
drugs from the analysis, the gender difference in drug use decreased (OR 0.65 (95%
CI 0.64-0.66)). In the rest of the univariate analyses (Model 2) the effect was
moderate, but when all of the prescription drugs that gave an OR >0.45 in Model 2
were excluded all together (Model 3), the odds ratio of having prescription drugs for
males increased to 0.82 (95% CI 0.80-0.83) after adjustment for multimorbidity and
age.

The effect of age, gender, income and education on

prescription drugs issued by GPs (Paper III)

A total of 46% had at least one prescription drug issued by a GP.

The results for gender and age in the statistical models were quite similar for income
and education, and therefore only the results for income are presented below (Model
1). For results regarding education (Model 2), please see Paper III.

After adjustment for multimorbidity, gender and income, individuals aged 80 years or
older had higher odds ratio of having prescription drugs (OR 3.37 (95% CI 3.22-
3.52)), and patients aged 80 years or older had higher rate of drug use (IRR 6.24
(95% CI 5.79-6.72)) compared to individuals and patients aged 20-39 years old
(Table 4).

Male individuals had lower odds ratio of having prescription drugs (OR 0.66 (95%
CI 0.64-0.69)) after adjustment for multimorbidity, age and income. Male patients
had higher rate of drug use (IRR 1.06 (95% CI 1.04-1.09)) after adjustment for
multimorbidity, age and income (Table 4).

Individuals and patients with the highest level of income had the lowest odds ratio of
having prescription drugs (OR 0.86 (95% CI 0.81-0.91)) and the lowest rate of drug
use (IRR 0.70 (95% CI 0.68-0.72)) after adjustment for multimorbidity, gender and
age. 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)) after adjustment for
multimorbidity, gender and age (Table 4).

Individuals and patients with the highest level of education had the lowest odds ratio
of having prescription drugs (OR 0.61 (95% CI 0.54-0.67)) and the lowest rate of
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drug use (IRR 0.70 (95% CI 0.67-0.73)) after adjustment for multimorbidity, gender

and age.

The multilevel analysis showed that only 2% of the differences seen between the
different groups was dependent on the PHC level.

Table 4.

Odds ratios of having prescription drugs and incidence rate ratios for drug use in Paper I (Model 3) and

Paper I1I (Model 1)

Variables
Gender Females
Males
Age 20-29
30-39
40-49
50-59
60-69
70-79
80-
Income 1
level
2
3
4

OR
(CI 95%)
1
0.45
(0.44-0.46)

1
1.02
(0.99-1.05)
1.25
(1.20-28)
1.82
(1.75-1.89)
2.94
(2.86-3.03)
476
(4.55-5.00)
9.09
(8.33-10.0)

1.16
(1.14-1.20)
1.06
(1.03-1.10)
1.05
(1.02-1.09)

Total population
(Paper I)

IRR
(CI 95%)
1
0.95
(0.94-0.96)

1
1.16
(1.14-1.18)
1.64
(1.61-1.67)
2.35
(2.31-2.40)
3.10
(3.04-3.16)
3.59
(3.52-3.67)
4.36
(4.26-4.45)

1.00
(0.99-1.02)
0.81
(0.80-0.82)
0.73
(0.71-0.74)

Primary healthcare
population (Paper III)

Variables OR
(CI 95%)
Gender Females 1
Males 0.66
(0.64-0.69)

Age 20-39 1
40-59 1.76
(1.72-1.79)
60-79 2.56
(2.49-2.62)
80- 3.37
(3.22-3.52)

Income 1 1
level
2 1.10
(1.07-1.13)
3 0.98
(0.95-1.02)
4 0.86
(0.81-0.91)

IRR
(CI 95%)
1
1.06
(1.04-1.09)

1
2.41
(2.31-2.52)
4.34
(4.12-4.57)
6.24
(5.79-6.72)

1.00
(0.98-1.03)
0.78
(0.75-0.81)
0.70
(0.68-0.72)
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The presence of indication for treatment (Paper IV)

On average 45.1% (range 12.9%-75.8%) of the patients’ prescription drugs examined
in this paper had indication for treatment. Patients aged 80 years or older had
indication for the prescription drugs to the lowest extent (40.8%), and patients with
the highest level of multimorbidity had indication for treatment to the highest extent
(52.2%).

Antipsychotics drugs

Of the patients who used antipsychotic drugs, 18.0% had indication for treatment.
Patients aged 80 years or older had the lowest odds ratio of having indication for
treatment (OR 0.66 (95% CI 0.54-0.82)), and patients with the second to highest
multimorbidity had the highest odds ratio of having indication for treatment (OR
3.93 (95% CI 2.29-6.75)).

Proton pump inhibitors

Of the patients who used proton pump inhibitors, 12.9% had indication for
treatment. Patients aged 80 years or older had the lowest odds ratio of having
indication for treatment (0.82 (95% CI 0.74-0.92)), and patients with the highest
multimorbidity had the highest odds ratio of having indication for treatment (OR
2.99 (95% CI 2.07-4.31)).

Digoxin

Of the patients who used digoxin, 75.8% had indication for treatment. Patients with
the second lowest income had the lowest odds ratio of having indication for treatment
(OR 0.84 (95% CI 0.66-1.06)), and patients with the highest multimorbidity had the
highest odds ratio of having indication for treatment (OR 26.4 (95% CI 15.4-45.4)).

Loop diuretics

Of the patients who used loop diuretics, 69.0% had indication for treatment. Patients
with the second lowest income had the lowest odds ratio of having indication for
treatment (OR 0.93 (95% CI 0.85-1.02)), and patients with the highest
multimorbidity had the highest odds ratio of having indication for treatment (OR
10.5 (95% CI 8.63-12.8)).

SSRIs

Of the patients who used SSRIs, 40.3% had indication for treatment. Patients aged
80 years or older had the lowest odds ratio of having indication for treatment (OR
0.61 (95% CI 0.56-0.67)), and patients with the highest multimorbidity had the
highest odds ratio of having indication for treatment (OR 3.58 (95% CI 2.81-4.55)).
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Table 5.

Characteristics of the study population in Papers I-III

Variables
Gender

Age

Multimorbidity level (RUB)

Income level

Educational level*

N — number of observations

* Including individuals up to 70 years old

Females
Males

20-39
40-59
60-79
80-

BN N — N N = O

BN =

N
158 703
155 274

99 439
108 703
79 802
26033

101 835
43 855
64 587
89 583
10 901
3216

78 445
78 445
78 446
78 444

21109
26295
125 581
80 297
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Table 6.
Characteristics of the study population in Paper IV

Variables
Gender

Age

Multimorbidity level (RUB)

Income level

N — number of observations

Females
Males

65-79
80-

[ N S S =)

S

43983
33994

51 945
26 033

14 481
5287
13 466
35190
7 107
2 447

19 495
19 494
19 494
19 494
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Discussion

Main findings

There are differences in drug use depending on age, gender, income and education
even after adjustment for multimorbidity. The elderly, females and individuals with
the lowest levels of income and education use more prescription drugs. These
differences persist, when drug use in primary healthcare is examined. Gender-related
morbidity seems to explain some of the gender difference in drug use. The age
difference may partly be explained by lack of indication for treatment among elderly
patients.

Age

The age difference regarding drug use is evident both in Papers I and III. One
explanation for the age difference may be that some diseases are progressive and will
require larger healthcare utilisation, including drug use. Heart failure and COPD may
be examples where a progression of the disease and higher drug use are expected with
higher age (93,94). Aging further leads to physiological changes in the body. One
example is hypertension, as the blood pressure is expected to increase with higher age.
Therefore, higher levels of drug use against hypertension are expected with higher age.
The prescribing cascade was mentioned in the Background section. Since elderly
patients use many prescription drugs, they are the most vulnerable to the risk of
developing a prescribing cascade, because of the risk of misinterpreting a side effect of
a prescription drug as a new disease (18,19). The approach to the elderly regarding
drug use may contribute to the age difference. It is likely that younger individuals are
recommended lifestyle changes, when possible, instead of a prescription drug.
Cardiovascular disease may be used as an example, where exercise and a change of diet
may be recommended as initial treatment among younger individuals (95). The
results in both Papers I and III indicate that elderly may have an irrational drug use.
This is partly confirmed by Paper IV, showing that the elderly lack indication for a
number of their prescribed drugs. The critical criterion — to have indication for
treatment — is thus not fulfilled, indicating that drug use among the elderly is not well
planned or properly evaluated. Increased stress and shorter patient consultations in
healthcare (96,97) may contribute to poorer evaluation and discontinuation of drug
use. It has previously been stated that stopping drug use is much harder than starting
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it (98), but it is essential to dare stop drug use in order not to cause polypharmacy,
especially among the elderly. As important as initiating drug use is to evaluate its
effect. Treatment duration, time for evaluation and responsible physician for
evaluating the drug use should always be determined in advance (98). When drug use
is discontinued, it is important that the physician informs the patient of the different
scenarios that might arise. To do this is time-consuming and it is imperative that
sufficient consultation time for informing the patient is allocated.

Even if all the patients’ prescription drugs had indication for treatment, it is not
guarantee that the drug use would be satisfactory. Elderly patients, often with high
levels of multimorbidity, should probably not be treated according to all clinical
protocols and guidelines because of risk of developing polypharmacy. Instead,
physicians need to consider the context the patients live in and put this in relation to
the overall clinical situation, when drug use is planned. This approach would likely
lead to more satisfactory drug use among the elderly (99,100). In Paper III where
prescription drugs issued by GPs are examined, the age difference is less prominent.
This could be an effect of that GPs to a lower extent tend to follow guidelines (101).
It could also be that GPs have a more holistic approach, (102) and because of that are
better at evaluating and discontinuing drug use.

Gender

Males have considerably lower odds ratio of having prescription drugs compared to
females. This is consistent with other studies (46-50,103), but it is interesting that
this gender difference remains after adjustment for multimorbidity. Females seck
more healthcare than males (42-44,104,105), and it has been argued that this may
affect the difference in drug use. On the other hand, a patient-doctor consultation
must not end with a drug prescription. Prescription drugs should only be advised and
issued when needed, and when no other treatment option is available. Thus, the
medical need should be in focus when prescribing drugs. It has, however, been shown
that males and females describe their symptoms differently (106,107) . This may have
an affect on the physician in the interpretation of the symptoms, and in the end the
assessment of need for drug use. The patients’ expectations of having a prescription
drug have in a British study been shown to affect the drug use in positive direction.
Despite different health-seeking behaviour between the genders, there was, however,
no significant gender difference in the expectation of having a drug prescribed when
visiting a GP (108) .

In Paper II the result indicates that the gender difference with regard to what diseases
males and females are afflicted with may partly explain the gender difference in drug
use. Especially the exclusion of contraceptive drugs decreases the gender difference in
drug use. This is probably the reason for the less pronounced gender difference, when
drug use was examined in primary care (Paper III), as prescriptions for contraceptive
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drugs were issued by midwives, who at the time of the study belonged to secondary
care. Theoretically, the diseases females are afflicted with may require drug use to a
higher extent than the diseases males are afflicted with, which would be a good
explanation for the gender difference in drug use. There is, however, no clear evidence
to support that theory.

There is a large discrepancy between the odds ratio of having prescription drugs and
the incidence rate ratio for drug use in both Papers I and III, which is quite
interesting. Thus, there seems to be a barrier to initiate drug use among males, but
once initiated the rate of drug use is nearly the same as for females. It has been
indicated that males have worse compliance compared to females (109,110) , and this
may be one explanation for the discrepancy. The gender-related morbidity together
with the statistical model may also help to explain the discrepancy. In Paper II
females were to a larger extent afflicted with anxiety disorders, asthma, COPD,
cystitis, dementia, depression, insomnia, migraine, osteoarthritis, stroke and thyroid
gland disorders. The majority of these diseases may be treated with only one
prescription drug, for example antibiotics for cystitis, a triptan for migraine and
thyroid hormone for thyroid gland disorders, giving it a 1-0 ratio, i.e. the patient may
or may not use a prescription drug. This especially affects the odds ratio, but has a
smaller effect on the incidence rate ratio.

Income and education

Patients with the lowest levels of income and the lowest level of education had the
highest drug use, which is consistent with former studies (1,17,69). In this thesis the
difference persists despite adjustment for multimorbidity. The differences are more
pronounced for education. As for gender, there is a difference in consultation rate.
Although in this case the results are varying, where individuals with low
socioeconomic status generally seek healthcare to a lesser extent (111,112) , while
consultation rates in primary healthcare are higher among individuals with low
socioeconomic status (113) . Even if the medical need should be in focus for drug
prescribing, as argued in the above, there is a risk that the consultation rates affect the
drug use. It has been indicated that individuals with lower socioeconomic status to a
lower extent have a health-enhancing behaviour (111) and to a lower extent tend to
act on physicians’ recommendations regarding health risks, for example smoking
(114) . In many of the common chronic diseases, e.g. diabetes, hypertension and
hyperlipidaemia, lifestyle changes are recommended as first-line treatment. If
individuals with lower socioeconomic status to a lesser extent tend to act on these
recommendations, this may lead to higher drug use among these individuals. In Paper
I, individuals with the lowest level of income had the lowest odds ratio of having
prescription drugs. This has previously been shown (115,116) and may be interpreted
as the poorest individuals not being able to afford to collect their prescription drugs,
despite the reimbursement system. This is supported by research showing that
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patients with low income are more affected by price changes of prescription drugs
(117) . Differences in compliance may affect the results, but poor compliance has
previously rather been associated with low socioeconomic status (118) . In this thesis
the differences in drug use between the different income and education levels are
more pronounced in primary care, which supports a social gradient in the way
primary healthcare is provided, as earlier described (119,120) . Because of the
locations of PHC:s in different socioeconomic environments, some effect on the level
of the PHCs was expected in the multi-level analysis. However, no effect was seen,
which indicates that the differences depend on the patients or the physicians. Patients’
expectations and demands for healthcare have been indicated to differ between
different socioeconomic groups (121) , which may influence the drug use. Previous
research indicates that physicians may risk stereotyping patients (122) , which also
may affect drug use.

Methodological considerations

The ACG Case-Mix System applied in all of the papers uses the individuals” diagnoses
to estimate multimorbidity level. The quality of the registration of accurate diagnoses
is thus of great importance. The total registration of diagnoses in the CDWO register
is not validated. During 2006, Ostergtland County did not use the ACG Case-Mix
System for reimbursement, and consequently there was no financial incentive to
register diagnoses. The likelihood of over-registration of diagnoses is thus low, but
there is a risk of under-registration of diagnoses, which may have led to an
underestimation of the effect of adjusting for multimorbidity. In Paper IV, lack of
indication for treatment may have been overestimated because of substandard
registration of diagnoses. On the other hand, it was not possible to assess whether the
diagnoses were up-to-date, which may have led to an underestimation of lack of
indication for treatment.

Another limitation is that the consultation rates were not included in this thesis as a
factor affecting drug use. This would be interesting, since there is both a gender
difference and a difference depending on socioeconomics in healthcare-seeking
behaviour, which may have an effect on drug use. The lack of information on
education for individuals aged 70 years and above ruled out the possibility of fully
comparing the effect of income and education on drug use, and, furthermore, it was
not possible to put income and education in the same statistical model. In Paper III,
where a multi-level analysis was performed, it would have been interesting to include
the level of GPs, since differences in drug use depending on the characteristics of the
physicians (123,124) have been reported.

Data from the CDWO are from 2006 (2005-2006 in Paper IV) and may be regarded
as old. On the one hand, the outcomes studied in this thesis reflect the behaviour in
both physicians and patients, and to change a behavioural pattern, for example the
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prescription pattern of physicians has been proven to be quite hard (125,126) . Drug
costs, on the other hand, vary a lot over time, mostly due to patent loss, resulting in
data on drug costs rapidly becoming outdated. Examination of drug costs was
therefore limited to Paper I.

The cut-off points for the number of DALYs (7500) (Paper II) may have been set too
high, and the cut-off point for gender difference in DALYs may have been set too
low, which may have led to an underestimation of the effect of gender-related
morbidity on the gender difference in drug use. The statistical model in Paper II was
logistic regression giving odds ratio of having prescription drugs. For some of the
diseases that females are afflicted with more frequently, e.g. dementia and stroke, it is
most likely that the patients have multimorbidity and accordingly have treatment for
other diseases as well as for dementia and stroke. Therefore prescription drugs used to
treat dementia and stroke were not excluded from the statistical analyses in Paper II,
which may have led to an underestimation of the gender-related morbidity on drug
use.

Prescription drugs issued in primary healthcare were examined in Paper III. Some of
these prescription drugs were probably originally initiated in secondary care and later
iterated by GPs in primary healthcare. Hence, there is a risk that the results in Paper
III do not entirely reflect the drug use in only primary healthcare, but that they also
reflect the drug use in secondary care to some extent.

The information in the SPDR regards prescription drugs actually collected from the
pharmacies. This mainly reflects the drug use, since it is dependent on the patients’
compliance in collecting the prescription drugs, and thus differs from drug treatment,
which reflects the physicians’ intended treatment. Furthermore, there is no
information on the extent to which the patients actually used the collected
prescription drugs.

Future research

The effect of age, gender, income and education on prescription drug use was
examined in this thesis. Pharmacoepidemiological methods were used to study what
happens during and after the patient-doctor consultation. In the end, it is the
physician who after all decides when or whether a drug is to be prescribed. The choice
of prescription drug is also ultimately the choice of the physician. Previous research
has shown that there is variability in how physicians prescribe drugs, where for
example age and gender of the physician, and duration after qualification have been
found to affect the prescribing of drugs (123,124) . To be able to affect the
differences in drug use, it would be useful to examine the prescribing patterns at the
physician level.
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The findings suggest that drug use among the elderly to quite a high extent is
unjustified with low rates of indication for treatment, especially among the oldest
patients. Some of this unnecessary drug use probably derives from an aversion among
physicians to discontinue drug treatment, and this field may be productive to explore.
The inclusion of elderly patients in future studies on drug use and development of
guidelines adapted to elderly patients are also highly relevant. The latest guidelines on
diabetes may be a good example of this (127) .

The results indicate that there is a barrier to initiating drug use among males, and this
has not been studied before. Future research exploring both the patients’ and the
physicians’ thoughts and experiences in this field would be informative. The result in
Paper II shows that despite adjusting for multimorbidity and exclusion of prescription
drugs used to treat diseases that females are afflicted with more frequently, together
with contraceptive drugs, there is still a gender difference of 18% in receiving
prescription drugs. Further research, tentatively including consultation rates and
compliance, would be of interest. If this research is carried out, contraceptive drugs
ought to be excluded because of risk of skewing the results because of lack of
corresponding drug use among males.

Conclusions and clinical implications

This thesis verifies that the patients’ age, gender, income and education to a large
extent unjustifiably affect drug use. Males and individuals with higher income and
education have a lower drug use, while females and the elderly have a higher drug use,
despite adjustment for multimorbidity. The age difference is probably a testament to
unnecessary drug use, which is likely emanated from the widespread lack of indication
for treatment among the elderly patients. This implicates that physicians need to
become better at evaluating drug use, in particular among the elderly. The
consultation times must be adapted to elderly patients, allowing the physicians, and
in particular the GPs, to evaluate the drug use of the patients and thus provide
conditions to keep a holistic and patient-centred perspective. Because of many
caregivers among the elderly, national medication lists should be developed to ensure
that both patients and physicians use the same list when evaluation of drug use is
performed. In Sweden, equality is a major priority and this should also apply to drug
use. The findings suggest that the medical need is not the only factor influencing drug
use, but that age, gender and socioeconomic status, separately, have a high impact on
drug use. Consequently, there is a risk that non-medical factors may lead to both an
over- and underuse of drugs, with risk of unnecessary suffering for patients and high
costs for society. Patients, physicians and decision-makers must be aware of and act
on these findings to avoid future inequality in drug use.
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Svensk sammanfattning

Likemedelsanvindning ar en av sjukvardens viktigaste behandlingsmetoder for att
bota och lindra sjukdom. Samtidigt kan likemedelsanvindning innebira risker. Det
finns en risk f6r att patienterna fir biverkningar av sina likemedel, att likemedlen
fungerar mindre bra tillsammans och att effekten didrmed upphor eller forstirks.
Vidare finns det risk for att likemedlen inte anvinds pa ritt sitt, i synnerhet om
patienterna anvinder ménga likemedel. De skadliga effekterna av likemedel kan i
virsta fall gora patienterna si sjuka att sjukhusvard krivs och forskning visar att upp
till 30 % av alla sjukhusinliggningar beror pd negativa effekter av likemedel.
Likemedelsanvindningen innebir ocksa stora kostnader for staten. Ar 2013 uppgick
kostnaden for likemedel i Sverige till 36,4 miljarder kronor, vilket utgdr ca 10-12 %
av hela sjukvardens kostnader. Om dessutom kostnaderna for sjukhusvird orsakad av
likemedel liggs till denna summa stiger beloppet avsevirt. Det dr saledes viktigt for
bide patienterna och sambhillet att likemedelsanvindningen ir siker, effektiv och
vilmotiverad.

Likemedelsanvindningen ir inte jamlik, vare sig i virlden eller i Sverige. Det finns
skillnader i likemedelsanvindningen i befolkningen, som beror pd icke medicinska
faktorer som alder, kén och sociockonomi. Det ir kint att dldre patienter, kvinnor
och patienter med ligre socioekonomi anvinder likemedel i hogre utstrickning.
Tidigare studier har sillan tagit patienternas sjuklighet i beaktande, vilket gér att en
del av de uppmitta skillnaderna skulle kunna foérklaras med olika sjuklighet i de olika
grupperna. I denna avhandling finns ett matt pad patienternas sjuklighet med i alla
studierna och hinsyn tas dirmed till patienternas sjuklighet. Det 6vergripande syftet
med avhandlingen ir att beskriva hur alder, kon, inkomst och utbildning paverkar
likemedelsanvindningen i en vuxen population, nir hinsyn tagits till patienternas
sjuklighet, med férdjupande studier avseende dlders- och konsskillnaden.

Alla studier ir registerbaserade pi data frain Ostergotland. For berikning av
patienternas sjuklighet anvinds ACG Case-Mix Systemet, vilket anvinder
patienternas alla diagnoser, bade frin Oppen- och slutenvird, foér att berikna
sjukligheten. Genom en algoritm, som bland annat bygger pad diagnosernas orsak,
behov av utredning och behandling, tillskrivs varje patient en sjuklighetsgrupp.

I studie I och III inkluderas alla individer som 4r 20 4r och ildre. Sannolikheten for
likemedelsanvindning beroende péd ilder, kon, utbildning och inkomst beriknas,
efter att hidnsyn tagits till individernas olika sjuklighet. I studie I undersoks den totala
likemedelsanvindningen medan likemedelsanvindningen i primirvirden undersoks i
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studie III. Trots att hinsyn tagits till patienternas olika sjuklighet fanns det stora
skillnader. De ildsta individerna hade dtta ginger hogre sannolikhet att ha behandling
med ett likemedel jimfort med de yngsta individerna, min hade hilften si stor
sannolikhet att behandlas med ett likemedel jimfort med kvinnor och de mest
vilutbildade individerna hade en klart ligre likemedelsanvindning jimfért med
individerna med den ligsta utbildningen. Resultaten var i princip desamma nir
likemedelsanvindningen i primirvirden undersoktes.

Studie II fokuserar pa den uppmitta konsskillnaden i férsta studien. Alla individer
som 4r 20 ar och ildre, inkluderas for att underséka om konsskillnaden fran studie I
kan bero pa att kvinnor och min till viss del har olika sjukdomspanorama, d.v.s.
insjuknar i olika typer av sjukdomar. Likemedel, som anvinds for att behandla
sjukdomar som kvinnor i hogre utstrickning insjuknar i, exempelvis migrin och
depression, identifieras. Nir dessa likemedel uteslots frin berikningen sigs en klar
minskning av konsskillnaden frin studie I men samtidigt kvarstod en omotiverad
skillnad mellan konen i likemedelsanvindning pa 18 %.

Studie IV fokuserar pi de uppmitta dldersskillnaderna frin studie I och III, vilka
misstinks delvis vara beroende av att de dldre patienterna saknar indikation fér en del
av sina likemedel. I denna studie inkluderas alla individer som ar 65 4r och ildre.
Socialstyrelsen har identifierat nigra likemedel for vilka det ir sirskilt viktigt att ha en
indikation. Andelen patienter som har indikation for dessa likemedel beriknas. I
medeltal hade firre dn hilften av patienterna indikation for de av Socialstyrelsen
identifierade likemedlen (45,1 %). Ligst sannolikhet att ha indikation for likemedlen
hade de patienter som var 80 ér eller dldre.

Siledes konstateras att icke medicinska faktorer som patienternas élder, kon, inkomst
och utbildning paverkar likemedelsanvindningen trots att sjukligheten tas i
beaktande, att kvinnors och mins nigot skilda sjukdomspanorama delvis kan forklara
konsskillnaden samt att omotiverad likemedelsanvindning hos de ildre patienterna
delvis kan forklara dldersskillnaden.
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