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Studies of Drug Utilization
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evidence gets used to make prescribing better.
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A Drug Only Works If It Is Used Right
For a drug to earn its place on the market, it must be shown to modify disease or relieve symptoms — but only when used appropriately: the right patient, the right disease, the right dose, the right interval,

and the right length of time.

Used inappropriately, drugs often fail to live up to their potential, with real consequences: preventable illness, preventable death, and wasted healthcare resources. Drug utilization research exists to describe and improve how

medicines are actually used in everyday practice — not just how they perform in a controlled trial.
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Two Definitions, Both Worth Knowing

Lunde and Baksaas
An eclectic collection of descriptive and analytical methods for quantifying, understanding, and evaluating how medicines

are prescribed, dispensed, and consumed — and for testing interventions that improve those processes. This includes

both quantitative and qualitative research.

The World Health Organization
The marketing, distribution, prescription, and use of drugs in a society, with special emphasis on the resulting medical,

social, and economic consequences.

In every version of this definition, the nonclinical side matters just as much as the clinical one: socio-anthropological, behavioral, and economic factors all shape how drugs get used.
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Two Traditions, Now Converging
The development of pharmacoepidemiologic methods followed two different lines of work — drug utilization studies as practiced in Europe, and pharmacoepidemiology as practiced in the US — approaching each other

from opposite directions, strongly shaped by how available and accessible data sources were in each region.

These two aspects of studying drug utilization have now developed along parallel lines long enough that they are increasingly seen as interrelated, part of one continuum of interests and methods. This chapter focuses on the

descriptive and analytic study of the processes and patterns of drug utilization itself; the epidemiologic study of drugs’ beneficial and harmful effects is covered elsewhere in this book.
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A Field Born From Shared Worry
Interest in drug utilization studies began on both sides of the Atlantic in the early 1960s. Researchers were reacting to a virtual explosion in the marketing of new drugs, wide variation in how drugs were prescribed and

consumed, growing concern about delayed adverse effects, and rising concern about drug expenditure — both in money spent and volume of prescriptions.

Under the auspices of the World Health Organization’s Regional Office for Europe, a Drug Utilization Research Group was established in the 1970s specifically to stimulate cross-country comparisons of drug utilization using one

shared methodology.
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Why Europe Led the Way Early On
National and international drug utilization studies were more developed in Europe, pioneered by the Nordic countries, Scotland, the Czech Republic, and Northern Ireland. A few practical factors helped: relatively small populations, a

limited number of pharmaceutical products on the market — only 2,000–3,000 in Norway and Sweden — and centralized statistics on wholesaler sales or dispensed prescriptions.

The earliest studies were conducted before data were computerized and before any uniform system existed for classifying medicines. As registers and computing power grew, the size of a country’s population became far less of an obstacle.

Most European countries now maintain national, patient-level prescription databases — though comprehensive data on medicines used inside hospitals remains a persistent gap.



A Global History, 3 of 3

From a Few Countries to a Worldwide Effort
Drug utilization research has since spread to Latin America, Australia, Asia, and Africa. The Latin American Group for Drug Utilization (DURG-LA) was founded in 1991; because secondary data have traditionally been fragmented there, researchers

have often collected primary data directly in people’s homes, pharmacies, and health facilities.

In the early 1990s, the WHO and the International Network for the Rational Use of Drugs (INRUD) published a simple sampling method and a standard set of indicators for low- and middle-income countries. The first International Conference

on Improving the Use of Medicines, held in Chiang Mai, Thailand in 1997, systematically reviewed interventions for promoting rational drug use in developing countries.

Asia, in particular, has seen a rapid recent growth of large prescription databases — a trend likely to keep fueling the globalization of drug utilization research.
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Drug Utilization Review: A Working Definition
Drug utilization review (DUR) — also called drug use evaluation (DUE) — is an authorized, structured, and ongoing review of prescribing, dispensing, and use. It functions as a quality-assurance measure, and this book

explores it in more depth elsewhere.

At its core, drug utilization research asks a simple question: are medicines actually being used the way they should be — and if not, where exactly does practice diverge from what the evidence recommends?
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How Narrow Should the Definition Be?
Definitions of the field differ in how much territory they cover. Some North American definitions focus narrowly on process: the prescribing, dispensing, and ingesting of drugs.

Other definitions — including those used by the World Health Organization, the Academy of Managed Care Pharmacy, and the European Drug Utilization Research Group — go further and fold in outcomes too: whether the drugs being used

are actually effective, and whether the overall pattern of use reflects good-quality care.

The distinction matters in practice: a narrow, process-only view can confirm that a drug was prescribed and dispensed correctly while still missing whether it actually helped the patient.
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Three Goals, Many Stakeholders
Lunde and Baksaas framed the field around three objectives: identifying and analyzing problems in how drugs are used, establishing a weighted basis for deciding what action to take, and assessing the effects of whatever action follows.

Because those questions touch so much of the health system, a wide range of people have a stake in the answers: health authorities, drug manufacturers, academic researchers, clinicians, health economists, the media, and

consumers themselves.

Drug utilization research is often described as the bridge between pharmacoepidemiology and health services research, and it stays closely connected to clinical pharmacology throughout.
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When Drugs Don’t Live Up to Their Potential
Medicines only deliver their full benefit when the right patient receives the right drug, at the right dose, at the right interval, for the right duration. In everyday practice, that chain breaks in predictable ways — through

overuse, underuse, and outright misuse.

This section looks at where and why prescribing goes wrong, who and what shapes those decisions, and what it actually costs patients when a drug’s potential goes unrealized.
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Four Questions Drug Utilization Research Answers
For any drug or drug class, the field describes four things: how much and in what pattern it is used, how good that use is, what is driving it, and what outcomes result from it.

Quality of use is judged against several yardsticks: is the right drug being chosen relative to the hospital or national formulary, does its cost fit the budget, is the dosage right for the patient’s age and other medications being taken, and are

prescribers and patients aware of its costs and benefits?

Extent and pattern, quality, determinants, and outcomes — the rest of this section works through each in turn.
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What Actually Drives Prescribing Decisions

General Influences
Training and education, advertising, the influence of colleagues, day-to-day work circumstances, individual personality,

regulation, and the demands of both society and individual patients all shape what a clinician prescribes — alongside the

cultural factors covered next.

Inside the Hospital
Inappropriate hospital prescribing has its own recurring causes: errors of omission, ignorance of a drug’s true cost, failure

to review orders already in place, gaps in pharmacology knowledge, third parties insulating prescribers from cost, and poor

communication between physicians and pharmacists.
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Culture Shapes How Drugs Are Used
The researcher Geert Hofstede described five dimensions along which national cultures differ: power distance, individualism, masculinity, uncertainty avoidance, and long-term orientation. These same dimensions turn out to help explain cross-

country differences in how drugs are prescribed and used.

One documented finding: countries that combine high power distance with high uncertainty avoidance tend to use more antibiotics — a pattern consistent with cultures where deferring to authority and seeking certainty both push toward

reaching for a prescription.
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The Real Cost of Drug-Related Harm

Up to 28%
of US emergency department visits linked to adverse drug events

25%
of ambulatory-care encounters affected, by some estimates

Up to 70%
of adverse drug events judged potentially preventable

These figures come from US studies, but similar patterns of drug-related harm have been documented in the United Kingdom and Sweden as well — this is not a problem specific to any one health system.
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Preventable Harm Runs in Both Directions

Too Much, or the Wrong Drug
Choosing the wrong drug for the indication, reaching for a more toxic option than necessary, risking dangerous interactions through

polypharmacy, prescribing excessive doses — especially in children and older adults — and continuing a drug after the evidence

supporting it turns unfavorable.

Too Little, Too Late
In one Swedish region with a high suicide rate, antidepressant sales ran at roughly half the level of comparable areas. Among older

US patients after a heart attack, underuse of beta-blockers has been linked to higher death rates. Underuse has also been

documented for antithrombotics, lipid-lowering therapy, aspirin, and thrombolytics.

Underuse is not always a prescriber failure: economic barriers, geographic access to pharmacies, and medicine availability can all limit how well a drug’s potential is realized.
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Good Prescribing Is a Moving Target
What counts as appropriate use also changes over time, as evidence and warnings accumulate. Drug utilization research has to track a moving target, not a fixed standard.

Growing antibiotic resistance has shifted first-choice drugs for common infections; recommended treatment courses for pneumonia in children under five have shortened; oral hypoglycemic regimens have changed as tolerance to older options became

apparent; and new contraindications around NSAIDs and gastrointestinal bleeding risk have reshaped prescribing for pain and inflammation.
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A Toolkit for Improving Prescribing
Once a problem is identified, drug utilization research also points toward what might fix it. A range of intervention strategies have been tried and studied:

Printed materials on their own, multimedia campaigns, audit and feedback delivered by mail or interactively, group education sessions, computerized reminders, engaging local opinion leaders, one-to-one education from an expert, requiring consultation

before certain drugs can be used, and formal clinical guidelines.

Later sections return to the question of which of these strategies actually work.
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Two Broad Approaches to the Evidence
Drug utilization research draws on both quantitative and qualitative methods. Quantitative research counts and measures — volumes, rates, patterns — and is the focus of the rest of this section. Qualitative research

explores the reasoning, attitudes, and context behind prescribing and use, though this chapter does not cover it in detail.

Within quantitative research, two broad study types dominate: descriptive studies, which map out patterns, and analytic studies, which test whether an exposure is actually associated with an outcome.
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Descriptive Studies: Mapping the Pattern
Descriptive studies describe patterns and trends in drug use without trying to establish cause and effect. They can be carried out at any level of the healthcare system — a single hospital ward, a whole country, or anywhere in between.

Their real value is generating hypotheses: comparing use across regions, across time periods, or against clinical guidelines often surfaces a puzzling difference worth investigating further — even though the descriptive study itself cannot

explain why the difference exists.

Descriptive data also support safety-rate denominators, supply planning, expenditure estimates, and screening for over- or underuse.



Study Designs, 3 of 4

Analytic Studies: Testing an Association
Analytic studies apply the standard epidemiologic toolkit — cohort and case-control designs — to drug use. A drug-utilization analytic study often flips the usual logic of pharmacoepidemiology:

Traditional Pharmacoepidemiology

Drug use   clinical outcome

Analytic Drug-Utilization Research

Patient, prescriber, and system factors   drug use

The same cohort and case-control machinery can then ask why people start, continue, or stop a medicine — for example, a cohort study of persistence and discontinuation, following patients forward from first use to see how long they stay on a drug and what predicts

stopping early.
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Ecologic Studies: Simple, but Limited
Ecologic studies compare groups rather than individuals — for instance, regional antidepressant sales against regional suicide rates, air pollution levels against prescribing for respiratory disease, statin use against coronary heart disease mortality, or

unemployment against drug use.

They are simple and cheap to run, but they carry a well-known limitation: a pattern true of groups is not necessarily true of the individuals inside them. An ecologic association is a lead worth following, not proof of an individual-level effect.
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Every Kind of Drug-Use Data Has a Blind Spot
What data are actually useful depends entirely on the question being asked. Expenditure figures, prescription counts, prescribing profiles, and patient-level records all measure something real — but each also has

limitations that can mislead a researcher who is not careful.

Monetary data is a good example: spending on a drug can rise or fall because of price changes, exchange-rate shifts, inflation, or a change in distribution channel — with no real change in how much of the drug patients are

actually taking.
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Volume and Prescription Counts
Counting tablets, packages, or prescriptions seems more direct than tracking money, but these counts carry their own distortions.

Tablet size and strength vary across products, so a simple pill count does not translate cleanly into a dose. Refill patterns vary too — a 90-day supply and three 30-day supplies look very different in the count even though they deliver the same

treatment. And a raw prescription count usually cannot distinguish a brand-new prescription from a routine refill of an ongoing one.
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The View From Prescribing Profiles
A prescriber’s overall profile — the mix of drugs they prescribe across their whole patient panel — can reveal broad tendencies, but it is a blunt instrument.

Profiles miss problems with the wrong drug, wrong dose, wrong interval, or wrong duration for any individual patient, and differences between prescribers often reflect differences in the patients they see rather than differences in the quality

of their prescribing. Profiles built from pharmacy dispensing data alone are even less informative, since they sit one step further from the prescribing decision itself.
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Patient-Level Data Changes the Picture
Linking drug records to individual patients moves research much closer to true exposure — who actually received which drug, when, and alongside what other treatments — and opens the door to studying outcomes directly.

Even patient-level data has blind spots on both sides. Sensitivity suffers when patients take medicines obtained abroad, over the counter, or borrowed from someone else, none of which show up in the record. Prescribing records may include

drugs that were never filled; dispensing records are closer to actual exposure, but collecting a medicine still does not prove that the patient took it.
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Three Templates for Patient-Level Data
Once prescription records are linked to individual patients, researchers Jesper Hallas and Gunnar Støvring have described three complementary ways to turn those records into a clear picture of use.

The first simply divides the ratio of prevalent to incident use by a time period to estimate the average duration of use. The other two — the Lorenz curve and the waiting time distribution — are visual tools, covered next.
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The Lorenz Curve of Drug Use
A Lorenz curve ranks patients from lightest to heaviest user and plots the cumulative share of the population against the cumulative share of total drug volume they account for. The further the curve bows away from a straight diagonal line, the more

concentrated use is among a small number of heavy users.

In Funen, Denmark, in 2003, half of all insulin users accounted for 76% of total insulin volume. This kind of skew is exactly what makes the Lorenz curve useful for screening a drug for unsuspected abuse or diversion potential — a small

group of extreme users stands out clearly against the rest.
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The Waiting Time Distribution
A waiting time distribution plots how often patients start a drug for the very first time within a given window. It is the basis for estimating both prevalence and incidence of use from the same data.

A single chart of this kind can be read for many things at once: period prevalence and incidence, point prevalence, typical duration of use, how often prescriptions get renewed, how often patients relapse after stopping, and seasonality. Specific visual features

carry specific meaning — the total area under the curve, the balance between early and later use, the steepness of the opening and closing segments, and any periodic peaks all tell part of the story.
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Where the Data Actually Comes From
Drug utilization data can be collected specifically for a study — primary data — or repurposed from records kept for other reasons, such as billing or dispensing — secondary data. Secondary data is far more common in

practice, because it already exists at scale.

A drug passes through several hands on its way to a patient — manufacturer, wholesaler, pharmacy, and finally the patient — and useful data can be captured at any of these points.
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Real Databases Behind the Research

Sales Data
IQVIA’s National Sales Perspective tracks US drug sales; its CompuScript service covers roughly two-thirds of Canadian

retail pharmacies.

National Registers
Sweden’s Prescribed Drug Register, established in 2005, captures every ambulatory-care dispensed prescription for all ten million

residents — though medicines used during hospital stays remain a data gap.

GP Records
The UK’s General Practice Research Database (GPRD) draws on records kept by general practitioners, though it does not capture

whether patients actually filled or took what was prescribed.

Rich Local Data
The Netherlands’ IPCI system draws on around 150 general practitioners covering roughly 500,000 patients, and uniquely includes

free-text diagnoses and laboratory results alongside prescriptions.
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Claims and Reimbursement Databases
Insurance claims generated to process payment are one of the richest secondary sources available. A typical claim carries the patient’s identifier, the prescriber, the dispensing pharmacy, the drug and its ATC code, the dose, the days’ supply, the co-

payment, and the total cost.

The catch is that claims only capture reimbursed drugs, missing anything paid for out of pocket. In the United States this problem compounds further: patients frequently change insurers, breaking up their prescription history across

databases that do not talk to each other.
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Giving Every Drug a Common Code
To compare drug use across studies and countries, researchers need everyone to mean the same thing by a drug’s name. The Anatomical Therapeutic Chemical (ATC) classification, maintained by the WHO, sorts every drug into five nested levels, illustrated here

with furosemide:

Level 1: Anatomical main group C — Cardiovascular system

Level 2: Therapeutic subgroup C03 — Diuretics

Level 3: Pharmacological subgroup C03C — High-ceiling diuretics

Level 4: Chemical subgroup C03CA — Sulfonamides, plain

Level 5: Chemical substance C03CA01 — Furosemide

A second system, IDIS, sorts the same drug differently — furosemide falls under Electrolyte Solutions, then Diuretics, then Loop Diuretics, coded 40280401. Some drugs get messier still: prednisolone alone carries six different ATC codes, and fixed-dose combination products

create their own classification difficulties, typically assigned according to their principal therapeutic classification.

ATC is purpose-built for classifying drug utilization. ICD, by contrast, is primarily a disease and outcome coding system and is not suitable on its own for classifying drug use, while SNOMED CT can supply richer clinical and pharmaceutical concepts useful for electronic prescribing and clinical context.
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The Defined Daily Dose
A common code for each drug still leaves a problem: how do you add up doses of different strengths and package sizes into one meaningful total? The answer is the Defined Daily Dose (DDD) — the assumed average maintenance dose per day for a

drug used for its main indication in adults.

The DDD is a fixed technical unit of measurement, not a recommended dose, and it comes with real cautions: it does not reflect actual pediatric dosing, it says nothing about whether patients actually took the drug as directed, and the dose a

doctor actually prescribes (the Prescribed Daily Dose, or PDD) can differ from the DDD by as much as twofold between countries.
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Reading DDD Numbers in Practice
Once drug use is expressed in DDDs, it can be standardized against a population, a hospital, or a person, which is what makes the unit so useful for comparison:

30 DDDs / 1,000 inhabitants / day
roughly 3% of the population is treated on a given day

30 DDDs / 100 bed-days
roughly 30% of hospital inpatients are treated

8 DDDs / inhabitant / year
roughly 8 treated days per person per year

Two related measures round out the toolkit: the Prescribed Daily Dose (PDD), used to validate whether the DDD reflects real prescribing, and Days of Therapy (DOT), an antimicrobial-specific measure favored by infectious disease specialists because, unlike the DDD, it does not depend

on the dose given.

DDD comparisons depend on both the denominator and the ATC/DDD version used; document both. The denominator should sometimes represent the relevant target population rather than everyone — oral contraceptive use, for example, is more meaningful expressed relative to

women below a specified age.
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Turning Data Into a Judgment
A quality indicator is a measurable marker that stands in for good — or poor — prescribing. Indicators generally fall into three families.

Drug-Oriented
Ratios like COX-2 inhibitors to all NSAIDs, simvastatin to all statins, or ACE inhibitors

to all renin-angiotensin drugs.

Disease-Oriented
Whether patients with a given condition are receiving the treatment guidelines

recommend for it.

Patient-Oriented
Whether an individual patient’s own combination of drugs makes clinical

sense together.

A prescribing pattern becomes a quality judgment only when it is interpreted in the clinical context of who received the drug, why, at what dose, and alongside what else.
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The WHO/INRUD Indicators
The WHO and INRUD jointly developed a standard set of indicators for measuring prescribing at the primary-care level: 12 core indicators plus 7 complementary ones, spanning prescribing practices, patient-care measures, facility-specific factors, and

complementary measures of overall access and quality.

Because the method is simple, cheap, and standardized, it has been used in studies reported from 97 developing and transitional countries between 1990 and 2006 — making it one of the most widely used tools for comparing prescribing

quality across very different health systems.

Patient adherence is a different question from prescriber adherence. In resource-limited settings, INRUD used four feasible indicators of patients’ own adherence to antiretroviral therapy: self-reported full adherence, the percentage of days covered by dispensed medicine,

whether a 30-day dispensing gap occurred, and attendance within three days of a scheduled appointment — measures that predicted treatment success and could compare programs.
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The DU90% Method
The DU90% method identifies the drugs that make up 90% of a population’s or facility’s total prescribing volume, then checks how well that core group matches a list of recommended first-line medicines.

Stockholm applies this against its own “Wise List” of roughly 200 recommended first-line medicines. Across 38 primary-care centers, the number of distinct products needed to reach the DU90% segment ranged from 117 to 194, with

adherence to the Wise List ranging from 56% to 74% — a real, measurable spread in prescribing quality across centers serving similar populations.
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Stockholm, 2009: A Real DU90% Snapshot

853
total substances prescribed across the city

169
substances made up the DU90% segment — 90.0% of all 808,009,524

DDDs prescribed

77%
adherence to the Wise List within that DU90% segment

The top of that list read much like a typical Western primary-care formulary: acetylsalicylic acid, simvastatin, enalapril, furosemide, and omeprazole all ranked among the twenty most-used substances in the city that year.
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Tracking Adherence Over Time
The real power of a standardized method like DU90% is that it can be repeated, letting a health system watch its own trend rather than just taking a single snapshot.

Comparing 156 primary-care centers in a later year against the range recorded back in 2003 showed a general improvement in adherence to recommended first-line medicines — a good illustration of how a standardized method like DU90%

can follow prescribing quality over time, even though the comparison alone cannot prove what caused the improvement.



Quality Indicators, 6 of 7

DU90% for Antibiotic Resistance, Too
The same method extends naturally to antimicrobial stewardship, by pairing a hospital’s DU90% antibiotic list with resistance data for those same drugs.

At one St. Petersburg, Russia hospital in 2003, just 12 antibiotics out of 25 in use made up the DU90% segment. Gentamicin topped that list, accounting for 20% of antibiotic use — yet resistance to it had already reached 80%, a striking

mismatch between how heavily a drug was still being used and how well it still worked.
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Beyond Drug-Level Indicators
When prescribing data can be linked to individual patients, quality indicators can move beyond counting drugs and start checking whether combinations of drugs make clinical sense together.

Linked data can flag inappropriate drug combinations directly, catch a patient being co-prescribed a beta-agonist and a beta-antagonist that work against each other, and track the drug sequence when a patient switches from an ACE

inhibitor to an angiotensin receptor blocker — all judgments a simple volume count could never make.
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Studies That Watch, Programs That Act
It is worth distinguishing drug utilization studies, which describe and analyze use, from drug utilization review programs, which are built specifically to change prescribing behavior going forward. In the US, this distinction has a long

regulatory history — Medicaid and Medicare rules, Joint Commission standards, and Professional Standards Review Organizations all mandated review programs, later reinforced by Section 4401 of the Omnibus Budget Reconciliation

Act of 1990.

European health systems have pursued similar goals under a different name: the therapeutic audit.
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Testing What Actually Changes Prescribing
Jerry Avorn and Stephen Soumerai ran a landmark randomized trial testing whether educating physicians could actually change their prescribing, comparing different outreach methods head to head.

Follow-up work by researchers including Ann Schaffner and Wayne Ray showed that face-to-face educational outreach can improve prescribing, whereas written material alone was much less effective.
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The Cheaper Alternative, and Its Limits
Face-to-face education is effective but expensive to scale, which is why claims-based computerized screening — automatically flagging problem prescriptions from billing data — is an attractive, cheaper alternative.

The evidence for it is decidedly mixed. Before-after comparisons of computerized screening programs have generally been weak, and more rigorous tests have often come back null: a study of six state Medicaid programs found no clear

benefit, and a prospective evaluation of drug utilization review across two states likewise failed to show one.
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Real Opportunities Ahead
Drug utilization research keeps globalizing, and linked patient-level databases keep growing in number and reach. One shift stands out: biologics now account for 42% of drugs in development, against just 8% of drugs currently on

the market — a wave of complex new therapies that will need close monitoring once they arrive.

Patients themselves are also taking on a bigger role — not just as a source of data, but increasingly as partners in shaping the research itself.
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New Data Brings New Challenges
Much of today’s data is an administrative “spin-off” — collected for billing or operations, not research — leaving it missing, unstructured, or hard to link across systems. Machine learning is emerging as one tool for making better sense of these imperfect sources.

Richer, more linked patient data also sharpens a real tension with patient confidentiality, one that new data-protection frameworks in the European Union are actively trying to resolve. And despite the international growth of organizations

like ISPE, INCLEN, EuroDURG, DURG-LA, and INRUD, funding and career paths within the field itself remain limited.
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Knowing How Drugs Are Used Is the First Step Toward Using Them Well

From counting tablets to linking whole national registers, every tool in this chapter serves one purpose: turning raw records of prescribing into a clear, honest picture of how medicines are being used and

whether that use is appropriate. That picture is what makes it possible to find where practice falls short — and to know, afterward, whether an intervention actually closed the gap.
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