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ABSTRACT
Objective Little is known about the frequency and types
of prescribing errors in the ambulatory setting among
community-based, primary care providers. Therefore, the
rates and types of prescribing errors were assessed
among community-based, primary care providers in two
states.
Material and Methods A non-randomized cross-
sectional study was conducted of 48 providers in New
York and 30 providers in Massachusetts, all of whom
used paper prescriptions, from September 2005 to
November 2006. Using standardized methodology,
prescriptions and medical records were reviewed to
identify errors.
Results 9385 prescriptions were analyzed from 5955
patients. The overall prescribing error rate, excluding
illegibility errors, was 36.7 per 100 prescriptions (95% CI
30.7 to 44.0) and did not vary significantly between
providers from each state (p¼0.39). One or more non-
illegibility errors were found in 28% of prescriptions.
Rates of illegibility errors were very high (175.0 per 100
prescriptions, 95% CI 169.1 to 181.3). Inappropriate
abbreviation and direction errors also occurred frequently
(13.4 and 4.2 errors per 100 prescriptions, respectively).
Reviewers determined that the vast majority of errors
could have been eliminated through the use of e-
prescribing with clinical decision support.
Discussion Prescribing errors appear to occur at very
high rates among community-based primary care
providers, especially when compared with studies of
academic-affiliated providers that have found nearly
threefold lower error rates. Illegibility errors are
particularly problematical.
Conclusions Further characterizing prescribing errors of
community-based providers may inform strategies to
improve ambulatory medication safety, especially e-
prescribing.
Trial registration number http://www.clinicaltrials.
gov, NCT00225576.

Medication errors occur frequently, may be
harmful, and result in considerable costs. A study of
adult inpatients found 5.3 prescribing errors per 100
paper orders, with 6.6% having potential for
harm and 0.9% resulting in actual harm.1 One
estimate of national costs for preventable adverse
drug events (ADE) affecting inpatients was US$2
billion annually.2

In contrast to the inpatient setting, much less is
known about prescribing errors in the outpatient
setting. A study of four adult academic-affiliated
primary care practices in Boston, Massachusetts,

found errors in one in 13 prescriptions (7.6%), with
nearly half having potential for harm. The error
rate among the providers using hand-written
prescriptions was 11%.3 Other studies have found
even higher prescribing error rates among paper-
based prescribers, although few studies have
focused on community-based providers who do the
majority of ambulatory prescription writing.4e7

Detecting prescribing errors in the outpatient
setting is challenging because patients frequently
have multiple providers and pharmacies, and copies
of prescriptions are generally unavailable for review.
Despite these challenges, understanding the
frequency and types of outpatient prescribing errors
is critical because an estimated 2.6 billion medica-
tions are provided, prescribed, or continued at
ambulatory visits annually.8 Furthermore, rates of
preventable ADE in the ambulatory setting are high
and many patients experience sequelae requiring
medical care.9e12

Improving healthcare safety is a goal of major
national policy forces such as the American Rein-
vestment and Recovery Act, which aims to increase
the adoption of health information technology,
including e-prescribing, by offering billions of
dollars of incentives to providers who demonstrate
meaningful use of electronic health records
(EHR).13 Core measures of the meaningful use
criteria include computer entry of medication
orders, implementation of specific clinical decision
support (CDS) to assist in medication ordering, and
electronic transmission of prescriptions to phar-
macies. Therefore, better understanding the rates
and types of prescribing errors made by providers
may inform the design and CDS strategies for
e-prescribing systems, which are expected to be
increasingly adopted by providers so that they can
be eligible for incentives.
We therefore conducted this study to determine

the rates and types of prescribing errors among
paper-based, primary care prescribers in solo and
small group practices in two communities, and to
determine the potential impact of e-prescribing on
these errors.

METHODS
Study design
We conducted this cross-sectional study of 78
ambulatory care providers in the Hudson Valley
Region of New York and Brockton, Massachusetts,
from September 2005 to November 2006. We
analyzed carbon copies of all prescriptions written
by participating providers during a 2-week period
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for the presence of prescribing errors, ensuring that we obtained
at least 75 prescriptions on 25 patients per provider and
extending data collection if necessary to achieve these numbers.
We limited prescription review to three randomly selected
prescriptions per patient to minimize clustering of errors. Non-
duplicate prescription pads were removed during study periods
to maximize compliance with duplicate prescription pad use.
The study received approval from the Kingston Institutional
Review Board in the Hudson Valley and the Caritas Good
Samaritan Medical Center Institutional Review Board in
Brockton.

Definitions
We focused on errors that occurred during the prescription
writing process and classified errors in accordance with defini-
tions from the Institute of Medicine.2 Classification included
rule violations, prescribing errors with low potential to cause
harm, (referred to as ‘prescribing errors’), near misses, and ADE.
The least harmful type of error was rule violations, which were
departures from strict standards of prescribing that were
unlikely to result in harm. An example was failure to write ‘po’
for a medication only taken orally. Rule violations were not
included in error counts. An example of a prescribing error with
low potential to cause harm was prescribing an anti-hyperten-
sive medication but omitting the quantity to be dispensed. Near
misses were errors with high potential for harm that were either
intercepted or reached the patient but did not result in harm.
One example was prescribing penicillin to a patient with
a known allergy who took the medication but did not have
a reaction. Actual ADE were injuries from a medication, some of
which were associated with an error and therefore considered
preventable.

Sites
The Hudson Valley is a predominantly rural and suburban area
north of New York City. Brockton is the sixth largest city in
Massachusetts located 25 miles south of Boston. Most of the 78
providers worked in practices ranging in size from one to seven
providers and none of the practices was affiliated with an
academic medical center.

The New York providers were all members of the not-for-
profit Taconic Independent Practice Association (Taconic IPA). A
letter was sent to members in May 2005 detailing incentives for
adopting e-prescribing systems and inviting providers to partic-
ipate in a research study. Providers were given additional
discounts on EHR licenses as an incentive for participation in
the research study.

The Massachusetts providers were identified with the help of
the Massachusetts eHealth Collaborative (MAeHC), which is
a coalition formed in 2004 of the state’s major healthcare
stakeholders to pursue community-wide EHR implementa-
tion.14 The principal investigator and study staff approached
individual physicians in Brockton, one of the MAeHC target
communities, for participation. No monetary incentives were
offered to participate in the research study, although providers
were given free EHR by the MAeHC to encourage adoption.

Data review
Prescription review
One physician (RK) trained a research nurse and research phar-
macist in an identical manner using well-utilized, standardized
methodology.3 15e18 Training included review of error defini-
tions, assessment of legibility, and review of test and actual
cases. A prescription was deemed illegible if it could be easily

misinterpreted or was indecipherable. Reviews were initially
conducted in pairs, after which the research nurse reviewed the
Hudson Valley prescriptions and the pharmacist reviewed the
Brockton prescriptions. Rule violations, prescribing errors, near
misses, and ADE were all classified.15 We determined interrater
reliability by having the pharmacist and nurse evaluate the same
random sample of 2% of the data. The k score for agreement
between the research nurse and pharmacist was 0.81, indicating
very good to excellent agreement. For all suspected near misses
and ADE, the research nurse or pharmacist performed a review
of the patient’s outpatient medical record to determine any
sequelae.

Physician event review and classification
We conducted physician reviews for all suspected near misses
and ADE. Confirmed ADE were rated on preventability using
a five-point Likert scale and on attribution (ie, the certainty with
which the medication was the explanation for the observed
adverse event) using the Naranjo algorithm, which uses factors
such as known medication side-effect profiles, timing of patient-
reported symptoms, and documented use of antidotes to assess
attribution.19 ADE were also classified on the level of severity as
significant, serious, life-threatening, or fatal. For the New York
providers, two physicians reviewed events independently. The k
score for interrater agreement for the presence of near misses
was 0.95 (p<0.001), demonstrating excellent agreement. For the
Massachusetts providers, a separate group of physicians
conducted reviews jointly to reach consensus.
Finally, we examined each individual error to determine

whether using e-prescribing with either basic or advanced CDS
could have prevented the error. Consistent with other studies, we
defined basic CDS as CDS that ensured completeness in
prescribing fields and eliminated illegibility errors; all other CDS
features, such as prescribing alerts, were defined as advanced.3 7 20

We did not count errors preventable with basic CDS as also
preventable with advanced CDS.

Statistical analysis
We calculated overall error rates per 100 prescriptions and
compared error rates for providers in the two communities using
mixed-effects Poisson regression, to adjust for clustering at the
provider level. We assumed an independent correlation structure
for all Poisson models. We calculated 95% Poisson CI with
cluster-robust standard errors for the rates. We also compared
the presence of any error per prescription using logistic mixed-
effects models, adjusting for clustering with provider as the unit
of analysis. The only available provider characteristics were age,
sex and year since graduation and they were not included in the
Poisson or logistic mixed models as covariates. We used SAS for
PC V.9.1 to estimate k statistics, c2, Fisher ’s exact, and t tests
and Stata V.11, to estimate mixed-effects Poisson and logistic
models, and to calculate 95% Poisson and logistic CI with
clustered robust standard errors.

RESULTS
Prescriber characteristics
Forty-eight providers were from New York and 30 were from
Massachusetts (table 1). There was no significant difference
between the groups of providers in gender, degree, or years since
graduation.

Patient characteristics
We reviewed a total of 5873 prescriptions from 3808 unique
patients seen by the New York providers and 3512 prescriptions
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from 2147 unique patients seen by the Massachusetts providers
(table 2). The patients seen by New York providers were
significantly older than those seen by Massachusetts providers
(mean age 54 vs 51 years, p<0.001). There was no significant
difference in patient gender.

Error rates
Both groups of providers had high error rates (table 3). Rule
violations occurred at a rate of 54.4 per 100 prescriptions.
Prescribing errors, including illegibility errors, occurred at a rate
of 212.6 per 100 prescriptions. Providers in Massachusetts had
a higher error rate than providers in New York (p¼0.01).
However, when illegibility errors were excluded, the prescribing
error rate was 36.7 per 100 prescriptions and there was no
statistically significant difference in rates between provider
groups (p¼0.39). Excluding illegibility errors, 27.8% of
prescriptions had at least one prescribing error.

We found an overall near miss rate of 1.5 per 100 prescriptions.
We did not find a difference in rates between provider groups
(p¼0.55). Excluding illegibility errors from near miss counts,
the near miss rate was 1.1 per 100 prescriptions. The overall rate
of preventable ADE we detected was low (0.15 per 100
prescriptions).

Types of errors
The most common types of prescribing errors among providers
at both sites were illegibility errors, use of inappropriate abbre-
viations, direction errors and strength errors (table 4). Among
near misses, illegibility errors and dose errors occurred most
frequently. The most common illegible fields were strength or
strength unit, medication name and frequency. Examples of
errors are provided in box 1.

Prescribing errors by drug category
Prescribing errors most frequently involved antibiotics (n¼1516,
16.4%), followed by cholesterol medications (n¼530, 5.7%),

narcotic analgesics (n¼500, 5.4%) and anti-hypertensive drugs
(n¼468, 5.1%).

Potential impact of e-prescribing
In addition to preventing all illegibility errors, reviewers deter-
mined that e-prescribing with basic CDS may have prevented
1092 of the remaining 3443 prescribing errors (32%), and
advanced CDS may have prevented another 1966 of the
remaining prescribing errors (57%) (tables 5 and 6). Errors judged
preventable by basic CDS, aside from illegibility errors, were
omission errors. Most frequently, these were strength or dose
errors, such as omitting strength or dose units. All other errors
were judged preventable by advanced CDS. The most frequent
types were inappropriate abbreviation errors and direction
errors, such as directions for use incorrect or discrepant. For the
near misses we detected, basic CDS would have prevented all 38
illegibility errors and may have prevented 44 of the remaining
104 near misses (42%), while advanced CDS may have prevented
an additional 38 (36%). There was no significant difference
between the two groups of providers in the rates of errors
preventable with basic and advanced CDS.

DISCUSSION
We found that approximately one in four prescriptions written
by community-based providers in two states had at least one
error, even without counting illegibility errors. Illegibility errors
occurred on average more than once per prescription. The use of
an e-prescribing system has the potential to reduce error rates
markedly. E-prescribing systems linked with advanced CDS may
have an even bigger impact, especially on errors with higher
potential for harm.
Our study is one of only a few to characterize prescribing

errors in ambulatory care settings and we are not aware of other
multistate studies that have been performed. In comparing the
providers from New York and Massachusetts, there was no
significant difference in prescribing error rates for non-illegibility
errors. Our observed rate of errors seems generally similar to that
of other studies, although methodologies vary between studies
and rates may differ between academic and community
settings.3 5 6 For example, despite the use of the same method-
ology and pharmacist reviewer, the percentage of hand-written

Table 1 Characteristics of healthcare providers

Office practice

NY MA
p ValueN[48 N[30

Female 21 (44%) 12 (40%) 0.74

Years since graduation Mean (SD) 17 (8) 17 (10) 1.00

Degree

MD or DO 35 (73%) 26 (87%) 0.22

Nurse practitioner 8 (17%) 4 (13%)

Physician assistant 5 (10%) 0 (0%)

DO, doctor of osteopathy; MA, Massachusetts; MD, doctor of medicine; NY, New York.

Table 2 Patients with prescriptions

NY MA
p ValueN[3808 N[2147

Age: mean (SD) 54 (17) 51 (18) <0.001

Female gender 2388 (63%) 1324 (62%) 0.43

MA, Massachusetts; NY, New York.

Table 3 Rates of errors

N Rates per 100 prescriptions (95% CI)*

Total NY MA Total NY MA p Valuey
9385 5873 3512 e e e

Rule violations 5103 3463 1640 54.4 (46.8 to 63.2) 59.0 (49.2 to 70.7) 46.7 (36.5 to 59.8) 0.13

Prescribing errors 19 956 11 043 8913 212.6 (186.2 to 243.0) 188.0 (155.7 to 227.3) 253.8 (215.1 to 299.5) 0.01

Prescribing errors excluding illegibility errors 3443 2007 1436 36.7 (30.7 to 44.0) 34.1 (29.6 to 39.5) 40.9 (28.0 to 58.8) 0.39

Near misses 142 94 48 1.5 (1.2 to 1.9) 1.6 (1.2 to 2.2) 1.4 (0.9 to 2.0) 0.77

Near misses excluding illegibility errors 104 65 39 1.1 (0.9 to 1.4) 1.1 (0.8 to 1.5) 1.1 (0.7 to 1.6) 0.80

ADE 14 1 13 0.15 (0.07 to 0.31) 0.02 (0.002 to 0.12) 0.37 (0.18 to 0.76) 0.004

*Clustered adjusted Poisson 95% CI.
yPoisson regression adjusting for clustering comparing rates for NY and MA.
ADE, adverse drug event; CDS, clinical decision support; MA, Massachusetts; NY, New York.
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prescriptions containing at least one error in a study of four
academic-affiliated primary care clinics in Boston was 11%
compared with our rate of 27.8%.3 Community-based providers
may have different prescribing patterns and fewer support
systems than academic-affiliated providers, leading to higher
error rates.

Although the majority of errors we detected were unlikely to
result in serious patient harm, some might. Furthermore, even
the less serious errors are important to study for their potential
impact on efficiency as well as patient safety. Illegible prescrip-
tions or those with missing information can lead to pharmacy
filling errors or callbacks for clarification. Substantial time may
be wasted for patients, prescribers, and pharmacists given the
high frequency with which prescribing errors appear to occur.
Callbacks probably also have important clinical implications. For
example, a study evaluating pharmacy callbacks to 22 primary
care practices to clarify prescriptions found that callbacks were
common and problems for ‘acute’ medications, defined as
medications in which administration delays could lead to
worsening of a medical condition or cause prolonged pain, were
not resolved on the same day 34% of the time.21

In addition, although our methods were not designed to
capture near misses or preventable ADE, we still detected a near
miss rate of 1.5 per 100 prescriptions and there were likely to be
additional near misses and preventable ADE that occurred but
were not detected. A previous study showed that 4% of ambu-
latory patients with prescription errors experienced a prevent-
able ADE.3 Further studies should be conducted in the
community setting with methods specifically suited to detecting
near misses and preventable ADE.
Understanding the epidemiology of prescribing errors in the

outpatient setting can inform strategies for reducing their
frequency and severity. This includes the use of e-prescribing,
which has significant potential for improving patient safety.7 22

We found an overall rate of 175.1 illegibility errors per 100
prescriptions, all of which would be eliminated by even the most

Table 4 Types of prescribing errors and near misses

Number (%)

Rate per 100 prescriptions
(95% CI)*

Overall Rate 95% CI

No of prescriptions 9385

Prescribing errorsy (N) 19 956 212.6 (186.2 to 243.0)

Type of error

Illegibility errors 16 513 (82.8) 175.1 (148.6 to 206.3)

Inappropriate abbreviation 1230 (6.2) 13.1 (8.2 to 20.9)

Directions error 394 (2.0) 4.2 (3.4 to 5.1)

Strength error 392 (2.0) 4.2 (3.4 to 5.2)

Dose error 344 (1.7) 3.7 (2.5 to 5.3)

Length of treatment error 333 (1.7) 3.5 (2.4 to 5.2)

Frequency error 192 (1.0) 2.0 (1.6 to 2.7)

Amount error 172 (0.9) 1.8 (1.3 to 2.7)

Other errorsz 386 (1.7) 4.1 (3.2 to 5.4)

Near misses (N) 142 1.5 (1.2 to 1.9)

Type of error

Illegibility errors 38 (26.8) 0.40 (0.31 to 0.63)

Frequency error 27 (19.0) 0.29 (0.18 to 0.42)

Directions error 22 (15.5) 0.23 (0.15 to 0.35)

Dose error 14 (9.0) 0.14 (0.08 to 0.25)

Strength error 11 (7.7) 0.12 (0.06 to 0.21)

Route error 3 (2.1) 0.03 (0.007 to 0.09)

Inappropriate abbreviation 2 (1.4) 0.02 (0.003 to 0.08)

Other errorsx 25 (17.6) 0.26 (0.17 to 0.39)

*Cluster-adjusted Poisson CI.
yExcluding rule violations.
zFor example, refill errors.
xFor example, drugedrug interaction errors.

Box 1 Examples of prescribing errors and near misses

Prescribing errors*
Ketoconazole 2% antifungal cream is prescribed without direc-
tions for use.
Lortisone cream (betamethasone and clotrimazole cream) is
ordered with length of treatment omitted.
Rhinocort Aqua nasal spray (budesonide nasal spray) is
prescribed with frequency illegible.
Amoxicillin 500 mg is prescribed with length of treatment
omitted.

Near misses
Imitrex 100 mg (sumatriptan) is ordered with frequency for use
omitted.
Vicodin 7.5e750 mg (hydrocodone and acetaminophen) is
ordered for ‘1 tablet every 4 h’, which exceeds maximum daily
dose of acetaminophen.
Lasix (furosemide) is ordered with strength omitted.
Ortho Evra contraceptive patch (ethinyl estradiol and norelges-
tromin transdermal system) instructions incorrectly written as
‘apply one patch monthly’.

*Including illegibility errors, excluding rule violations.

Table 5 Errors judged to be preventable with basic CDS

Type of error

Preventable
prescribing errors

Preventable
near misses

N (%) N (%)

Overall 17 605 82

Illegibility error 16 513 (93.8%) 38 (46.3%)

Strength error 330 (1.9%) 9 (11.0%)

Dose error 277 (1.6%) 7 (8.5%)

Frequency error 160 (0.9%) 19 (23.2%)

Amount to be dispensed error 132 (0.7%) 0

Directions error 112 (0.6%) 4 (4.9%)

Length of treatment error 81 (0.5%) 1 (1.2%)

Route error 0 2 (2.4%)

Date error 0 1 (1.2%)

Refill error 0 1 (1.2%)

CDS, clinical decision support.

Table 6 Errors judged to be preventable with advanced CDS

Type of error

Preventable
prescribing errors

Preventable
near misses

N (%) N (%)

Overall 1966 38

Inappropriate use of abbreviation 1230 (62.6%) 2 (5.3%)

Directions error 277 (14.1%) 18 (47.4%)

Length of treatment error 252 (12.8%) 0

Dose error 64 (3.3%) 7 (18.4%)

Strength error 58 (3.0%) 2 (5.3%)

Amount to be dispensed error 38 (1.9%) 0

Frequency 29 (1.5%) 7 (18.4%)

Route error 0 1 (2.6%)

Other 18 (0.9%) 1 (2.6%)

CDS, clinical decision support.

J Am Med Inform Assoc 2012;19:644e648. doi:10.1136/amiajnl-2011-000345 647

Research and applications



basic e-prescribing system. However, advanced CDS appears
important to achieve even greater safety gains.

By characterizing ambulatory prescribing errors, CDS can be
designed so that it targets the most frequent types of errors. For
example, the two most common types of errors we found that
were judged to be preventable with advanced CDS were inap-
propriate abbreviation errors and direction errors. CDS that
automatically converted inappropriate abbreviations into
acceptable abbreviations would eliminate this type of error.
Pre-populated direction fields with clear and complete instruc-
tions for certain drugs might eliminate many direction errors.
Future studies should be conducted to determine the actual
impact of various e-prescribing systems with CDS on ambula-
tory prescribing errors, as few such studies have been
conducted.3 4 22e25 This is particularly important given the
expected increase in use of e-prescribing as a result of the federal
stimulus package and meaningful use criteria.13

Our study has several limitations. We had only one reviewer
for each prescription, although joint review of a subset of
prescriptions revealed excellent agreement. This may account for
differences in rates of prescribing errors between the New York
and Massachusetts providers when illegibility errors were
included, as ultimately the determination of legibility is
subjective. We focused on prescribing errors and were limited by
our methods to comment on near misses and ADE. In addition,
the providers in our study were not blinded to the study ’s
purpose. Our error rates might, therefore, be underestimates if
physicians attempted to be particularly careful while writing
prescriptions during the study period. The practices that elected
to participate might not be representative of all practices, and
might have lower rates than practices at large.

CONCLUSION
Few studies have characterized the rates and types of prescribing
errors made by community-based providers in the ambulatory
setting. Our findings suggest that these errors occur in one in
four prescriptions, even without counting illegibility issues,
which occur at a rate of more than one per prescription.
Therefore, handwritten prescriptions are simply not safe. Many
of these errors may be preventable through the use of
e-prescribing systems, especially when linked with advanced
CDS. By evaluating the rates and types of ambulatory
prescribing errors made by community-based providers, findings
from this study can inform current policies aimed at improving
outpatient medication safety.
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