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Abstract
Objective—To describe age and sex patterns of drug prescribing in Olmsted County, MN.
Prescription drugs are an important component of health care delivery, yet little is known about
the prescribing patterns in the general population.

Patients and Methods—Population-based drug prescription records for the Olmsted County
population in the year 2009 were obtained using the Rochester Epidemiology Project medical
records-linkage system (n = 142,377). Drug prescriptions were classified using RxNorm codes and
grouped using the National Drug File – Reference Terminology (NDF-RT).

Results—Overall, 68% of the population received a prescription from at least one drug group,
52% received prescriptions from 2 or more groups, and 21% received prescriptions from 5 or
more groups. The most commonly prescribed drug groups in the entire population were penicillins
and beta-lactam antimicrobials (17%), antidepressants (13%), opioid analgesics (12%),
antilipemic agents (11%), and vaccines/toxoids (11%). However, prescribing patterns differed by
age and sex. Vaccines/toxoids, penicillins and beta-lactam antimicrobials, and anti-asthmatic
drugs were most commonly prescribed in persons younger than 19 years. Antidepressants and
opioid analgesics were most commonly prescribed in young and middle-aged adults.
Cardiovascular drugs were most commonly prescribed in older adults. Women received more
prescriptions than men for several groups of drugs, in particular for antidepressants. For several
groups of drugs, the use increased with advancing age.

Conclusion—This study provides valuable baseline information for future studies of drug
utilization and drug-related outcomes in this population.
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INTRODUCTION
Prescription drug use has increased steadily in the US over the last decade. The percent of
people who took at least one prescription drug in the past month increased from 44% in
1999 - 2000 to 48% in 2007 - 2008.1 This increased use resulted in increased spending on
prescription drugs, which reached $250 billion in 2009, and accounted for 12% of the total
personal health care expenditures.2 Drug-related spending is expected to continue to grow in
the coming years.2

Quantification of drug prescribing patterns in the general population is important for a
number of reasons. Prescription drug abuse has become the fastest growing drug problem in
the United States.3,4 Medication-related adverse outcomes in US hospitals and emergency
departments increased 52% from 2004 to 2008.5 In addition, drug prescribing patterns may
serve as indirect measures of the burden of diseases in a population.6,7 Prescribing patterns
also vary considerably across geographic regions,8-10 and may serve as a proxy for health
system performance.

A number of studies have described patterns of drug prescriptions in some countries
including Sweden, Spain, and Canada. 11-13 However, there are few population-based
studies of prescription drugs in the US because of the lack of a centralized health care data
system.14 Some of the published US studies were conducted decades ago, and may not
reflect current prescription patterns.15-24 More recent studies included only the Medicare
eligible elderly, or individuals with health insurance coverage.25,26 In this study, we
examined the outpatient drug prescribing patterns for the entire Olmsted County, MN
population in 2009, using the Rochester Epidemiology Project (REP), a medical records-
linkage system which captures virtually all the health care visit information for the entire
population.27-30

PATIENTS AND METHODS
Study Population

All individuals residing in Olmsted County between January 1 and December 31, 2009 were
identified using the REP Census (n = 146,687);27 and those who had given research
authorization were included in this study (n = 142,377; 97.1%). The number of people
included in this study represented 98.7% of the Olmsted County population predicted to
reside in this county by the US Census, and age and sex distributions were virtually identical
to those of the US Census estimates.28 Additional details about the population of Olmsted
County and about the REP have been published elsewhere.27-30

Drug Prescription Records
Outpatient drug prescriptions written for the study population between January 1 and
December 31, 2009 were obtained from the Mayo Clinic and the Olmsted Medical Center
and were linked to specific subjects into the records-linkage system (n = 663,736
prescription records). As described elsewhere, these 2 institutions provide most of the
medical care for the Olmsted County residents.27-30 Since 2002, both institutions
implemented proprietary electronic prescription systems in the outpatient settings, i.e. office
visits or hospital outpatient settings. Electronic prescriptions in 2009 were retrieved from the
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proprietary systems and converted into RxNorm codes retrospectively. The prescriptions
were then grouped using the National Drug File – Reference Terminology (NDF-RT)
classification system.31,32 Combination drugs with multiple ingredients were counted once
under the NDF-RT category of the main ingredient or, if applicable, under the combination
drug category.

Approximately 2% (n = 12,576) of the prescription records were excluded because they
lacked specific descriptions, and could not be assigned to a NDF-RT class. All the
remaining prescriptions were grouped into 28 NDF-RT classes. In this study, we focused on
drug classes that were prescribed to at least 1% of the Olmsted County population; therefore,
8 NDF-RT prescription classes were excluded (written to less than 1% of the population),
leaving 20 classes for the analysis. The NDF-RT classification system also includes detailed
subgroups for each class. Using the NDF-RT subgroups with some modifications
(combining related or rarely prescribed subgroups), we classified all the prescriptions into
70 drug groups (Supplemental Table 1). All the drug groups were mutually exclusive. A
person who received multiple prescriptions in the same drug group during the 12 months of
the study was counted only once, and we did not consider refills or duration of drug use.
Overall, 380,441 unique prescription records were included in the analyses.

Statistical Analyses
Prevalence was estimated by dividing the number of individuals who received each group of
drugs during a 12-month period by the 2009 Olmsted County population (1-year period
prevalence). Age- and sex-specific prevalence patterns were explored graphically. Age-
standardized or age- and sex-standardized prevalence figures were obtained by direct
standardization to the entire US population (2000 US Census), when appropriate. Because
the study covered the complete population of Olmsted County, MN, and no sampling was
involved, statistical tests and confidence intervals were not included in the tables.33-35

RESULTS
Overall Prevalence

The 2009 REP census population included 142,377 individuals. Approximately half of the
population were men or boys (47%), 27% were less than 19 years of age, and 12% were 65
years of age or older. The majority of the population was white (92%). Overall, 68.1% (n =
96,953) of the population received a prescription from at least one drug group; 51.6%
received prescriptions from 2 or more drug groups; and 21.2% received prescriptions from 5
or more drug groups (age- and sex-standardized prevalence). A higher percent of women or
girls received at least one drug prescription compared with men or boys (72.5% vs. 63.2%).

Overall, 17% of the population received at least one prescription for penicillins and beta-
lactam antimicrobials, which was the most commonly prescribed drug group in the entire
population. Antidepressants (13%), opioid analgesics (12%), antilipemic agents (11%), and
vaccines/toxoids (11%) were next in decreasing order of frequency. Table 1 shows the 20
most commonly prescribed groups of drugs, and the prescription prevalence by sex and age
groups. The prevalence figures for 20 additional groups of prescription drugs in decreasing
order of frequency are shown in Supplemental Table 2.

Prevalence by Age and Sex
The prevalence of the most commonly prescribed drugs varied by age and sex (Figure 1). In
general, women had higher prescription prevalence for most drug groups except for
cardiovascular disease drugs (including antilipemic agents, beta-blockers and related
medications, and angiotensin converting enzyme inhibitors). The prevalence of most of the
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drug groups increased with advancing age. However, vaccine/toxoid and penicillin and beta-
lactam antimicrobial prescriptions were most prevalent among children, decreased in young
adults, and then slowly increased with age. Prescriptions of antidepressants, opioid
analgesics, gastrointestinal medications, laxatives, and cardiovascular disease drugs
increased sharply with age. By contrast, prescriptions of anti-asthmatics, topical anti-
infective/anti-inflammatory agents, erythromycins/macrolides, topical nasal and throat
agents, and antihistamines had a relatively stable prevalence across all age groups.

The most commonly prescribed drug groups varied by age (Table 1 and Figure 2). In
children (less than 19 years), the top prescriptions were vaccines/toxoids and penicillins and
beta-lactam antimicrobials. By contrast, the most common prescriptions in persons of age 65
or older were antilipemic agents and beta-blockers and related medications. Finally,
prescribing patterns varied by sex within age groups. For example, in children (less than 19
years), drug prescribing patterns were similar between boys and girls. However, central
nervous system stimulants were more commonly prescribed to boys than girls (data not
shown). In young adults (19-29 years), systemic contraceptives were the most common
prescription, with an overall prevalence of 14%. However, this prevalence was driven by the
25% frequency of contraceptive prescriptions in women. Similarly, antidepressants were the
most common drug group in the 30-49 year old population, with an overall prevalence of
17%. Again, the prevalence of antidepressants was driven by a higher frequency of
prescriptions to women in this age group (22%).

DISCUSSION
Overall Findings

Outpatient prescriptions for drugs were highly prevalent in the Olmsted County population
in our 2009 study. Within a 12-month period, almost 70% of the population received a
prescription from at least one drug group, more than 50% received prescriptions in 2 or
more drug groups, and over 20% received prescriptions in 5 or more drug groups. The most
prevalent prescriptions were penicillins and beta-lactam antimicrobials, antidepressants,
opioid analgesics, and antilipemic agents. These drugs were prescribed to both sexes across
all age groups (except for antilipemic agents that were rarely used before age 30 years).
However, prescribing patterns differed substantially across age and sex groups. Overall,
women and older adults received more prescriptions.

In general, drug prescribing patterns in our population are consistent with previous
population-based studies in the US. 1,22 The prevalence of prescription drug use is high in
the US. The National Health and Nutrition Examination Survey (NHANES) reported a 48%
monthly use of one or more prescription drugs in 2007 - 2008.1 Another survey reported that
50% of US adults took at least one medication weekly.18 Unfortunately, our findings cannot
be compared directly with findings from these previous studies because of differences in
methodology (weekly or monthly use versus annual use, and data derived from drug
prescriptions versus self-reports, pharmacy records, or insurance claims).36 We considered
the use of drugs over a 12-month period to avoid seasonal variations in prescriptions for
some drugs (e.g., drugs for allergies).

Antibiotics, vaccines, asthma medicines, and central nervous system stimulants were
commonly prescribed to children, whereas oral contraceptives, antibiotics, antidepressants,
and opioid analgesics were commonly prescribed to young and middle-aged adults. As
expected, cardiovascular disease drugs were the most commonly prescribed drugs in the
older adults, with 41% of subjects of age 65 years or older receiving an antilipemic
prescription. Men had a higher prevalence of cardiovascular disease drug prescriptions than
women, which was consistent with cardiovascular disease patterns. Specifically, the
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incidence of cardiovascular disease in women lags 10 years behind the incidence in men
(http://circ.ahajournals.org/content/125/1/e2/F10.expansion.html), and a similar pattern was
reflected in our drug prescription data. However, when considering all prescription drugs,
women received more prescriptions than men. This may be caused by the higher frequency
of diseases or conditions requiring medication in women, or by differences in health care
seeking behavior between men and women.37 For example, among migraine patients, 73%
of women seek care from physicians compared with 49% of men.38

Specific Drug Groups
Our study provides an overview of prescription patterns in this community and highlights
some of the commonly used drug groups that deserve further research, as described below.
Penicillins, and beta-lactam antimicrobial are the most commonly prescribed drugs,
especially in children. The high prevalence of prescriptions for penicillins, and beta-lactam
antimicrobial (approximately 25% of all children in 2009) reflects the high rate of bacterial
infections (such as ear or throat infections). Appropriate use of antibiotics is a major public
health concern,39 and we plan to further study antibiotic prescriptions through linkage with
laboratory and medical record data to explore prescribing appropriateness, type and length
of use, and use of multiple antibiotics.

Antidepressants are the second most prescribed drug group (13%), particularly among
middle-aged women. This sex difference has been reported in other studies.22,40,41 The
increased prescription of antidepressants in recent years has occurred concurrently with a
decreasing use of psychotherapy.42 However, many antidepressants are not prescribed by
psychiatrists,43 and are prescribed to patients who may not have a psychiatric diagnosis.44

Further studies considering indications may be helpful to understand the use of
antidepressants for conditions other than depression.

Opioid analgesics are the third most common prescription group in this population. In the
US, there has been a 10-fold increase in the medical use of opioid painkillers during the last
20 years.45 Concerns regarding opioid misuse are increasing in the US because deaths from
opioid overdose currently outnumber deaths due to heroin and cocaine combined.45 The 12-
month prevalence of opioid prescriptions (12%) in our study was consistent with previous
reports.1,46 Also, consistent with other studies, women had a higher prevalence of
prescriptions than men.1,21,40,46 This is likely due to a higher prevalence of diseases
associated with chronic pain in women,47 but also to a lower pain tolerance and a higher
subjective pain rating in women than men.48,49 Osteoarthritis and joint disorders, and back
problems are the second and third most common chronic conditions in this community.50

Therefore, it is not surprising that the use of opioid analgesics was common. However, it
was surprising that opioid analgesics were prescribed in all age groups, including young
adults who generally do not suffer from chronic pain conditions. This pattern can be
explained by our inclusion of opioid analgesics prescribed for both acute and chronic pain.
Opioid analgesics are often prescribed to manage acute pain following surgical procedures
or trauma and patients are instructed to use the analgesic only if needed. In addition, we
included prescriptions given to patients at the time of dismissal from the hospital or
emergency department (e.g., Vicodin or Oxycodone). These types of short-term
prescriptions may be common in the younger population after dental procedures.
Nevertheless, the high level of opioid prescriptions among all subjects in our population
suggests the importance of future studies to determine whether alternative pain management
agents should be considered.

In our study, antilipemic agents were the fourth most commonly prescribed drug group
overall, and the high use was driven primarily by prescriptions to persons of age 50 years or
older. In persons of age 65 years or older, 41% received at least one antilipemic prescription
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in 2009. This is similar to the monthly percentage estimated from the NHANES survey in
2007 - 2008 (45% of adults aged 60 years or older).1 The NHANES data also estimated that
33.5% of the US adults older than 20 years have increased low density lipoprotein levels
(LDL), and this prevalence increases to 58% in adults of age 65 or older.51 However, less
than half of those with high LDL were treated, and even fewer had the LDL level
controlled.51 Applying similar estimates to our population, we expect that a significant
percent of patients may be under-prescribed for antilipemic agents. We plan to address
patterns of utilization of antilipemic agents in future studies. These studies will also
incorporate serial lipid blood tests and other detailed information from medical records.

Strengths and Limitations
Strengths of our study include the availability of complete medical visit information for the
entire Olmsted County, MN population. For a combination of geographic and historical
circumstances, almost all the county residents seek health care from a limited number of
local providers. Furthermore, all residents, irrespective of insurance status, are included in
both the denominator and the numerator of the prevalence figures, providing a more
complete picture of prescribing patterns in the community.

Some utilization studies rely on self-reported drug use which may more accurately reflect
actual drug exposure; however, recall bias is a problem for past use.2,18 In particular,
interviewees tend to underreport their medication use.52 Additionally, self-reported drug use
does not necessarily reflect prescribing patterns by the health care providers, because not all
prescriptions are filled.26 Utilization estimates derived from pharmacy records, claims, and
other administrative databases may have a higher sensitivity for actual drug exposure. A
potential limitation of prescription-based studies, such as ours, is the inability to determine
whether the patients actually purchased and used the drugs (compliance with the
prescription). Therefore, the patterns of prescriptions that we observed may not reflect the
patterns of actual drug use in the population. Nevertheless, the ability to link prescription
data with diagnoses and with clinical details in the electronic medical records is a unique
strength of the REP, and will form the basis for future utilization and outcome studies
focused on individual drugs or drug groups.

A second limitation of our database is that many commonly used drugs are not prescription
drugs, and can be purchased over-the-counter (such as cold medicines); therefore, they are
not found among the most commonly prescribed drugs. This also applies to vaccines that are
more completely captured in vaccine registries. A third limitation is our inability to include
drug prescriptions from a few smaller health care providers in Olmsted County that do not
have an electronic drug prescription system.27,30 Thus, we may have underestimated the
frequency of use for some drug groups.

Fourth, drug formularies, prescribing guidelines, and decision support systems may vary
substantially across health care practices throughout the country. Therefore, the prescribing
patterns that we observed in Olmsted County may not be generalizable to other regions. On
the other hand, drug formularies, prescribing guidelines, and decision support systems may
influence more strongly the choice of a drug within a particular drug group then the choice
of the drug group itself. Thus, the patterns of drug groups may be more generalizable to
other populations than the patterns of specific drugs.

Finally, the 12-month prevalence used in this study does not distinguish between chronic use
(repeated prescriptions) and one time use of drugs (e.g., antibiotics), and does not reflect
multiple prescriptions within the same drug group (switches), or the frequency of drug
prescribing within a person. We also have not assessed refills and instructions for use, such
as directions to use the drug only if needed (e.g., for opioid analgesics). Length of drug use
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may be particularly important when investigating issues such as chronic disease
management, drug abuse, and outcomes. We are currently performing additional analyses to
address issues of indications, duration of use, and per capita prescriptions within each drug
group to provide a more complete picture of drug utilization in this community.

CONCLUSION
A surprisingly high percent of the overall Olmsted County population received outpatient
prescription drugs in 2009. The drug prescribing patterns varied substantially by age and
sex. In general, women and older subjects received more prescriptions. Our findings are
useful for understanding the prescribing patterns across all ages in a defined population, and
provide important baseline information for future studies of drug-related adverse events,
drug-to-drug interactions, polypharmacy, health-seeking behaviors, and other prescription-
related aspects of health care utilization.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Zhong et al. Page 10

Mayo Clin Proc. Author manuscript; available in PMC 2014 July 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 1.
Age-specific prevalence (per 100 population) of the 15 most commonly prescribed drug
groups in men (boys) compared to women (girls). The 15 panels are in descending order of
overall age- and sex-adjusted prevalence (see Table 1).
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Figure 2.
Prevalence (per 100 population) of the 10 most commonly prescribed drug groups in each
age category. Overall prevalence is shown with the white bars, prevalence in men (boys) is
shown with the blue bars, and prevalence in women (girls) is shown with the red bars.
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