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Background: Few data are available regarding the preva-
lence of potentially dangerous drug-drug, drug-
laboratory, and drug-disease interactions among outpa-
tients. Our objectives were to determine how frequently
clinicians prescribe drugs in violation of black box warn-
ings for these issues and to determine how frequently such
prescribing results in harm.

Methods: Inanobservational studyof51outpatientprac-
tices using an electronic health record, we measured the
frequency with which patients received prescriptions in
violation of black box warnings for drug-drug, drug-
laboratory,and/ordrug-disease interactions.Weperformed
medical record reviews in a sample of patients to detect
adverse drug events. Multivariate analysis was conducted
toassess therelationshipofprescribing inviolationofblack
box warnings to patient and clinician characteristics, ad-
justing for potential confounders and clustering.

Results: Of 324 548 outpatients who received a medi-
cation in 2002, 2354 (0.7%) received a prescription in
violation of a black box warning. After adjustment,
receipt of medication in violation of a black box warn-
ing was more likely when patients were 75 years or
older or female. The number of medications taken,
the number of medical problems, and the site of
care were also associated with violations. Less than
1% of patients who received a drug in violation of a
black box warning had an adverse drug event as a
result.

Conclusions: About 7 in 1000 outpatients received a pre-
scription violating a black box warning. Few incidents
resulted in detectable harm.
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A DVERSE DRUG EVENTS

(ADEs) are believed to be
among the leading causes
of mortality in the United
States, with an estimated

100 000 deaths per year.1 Adverse drug
events are common in the outpatient set-
ting,2-6 and can lead to substantial mor-
bidity.7 Lasser et al8 have shown that new
drugs are particularly high risk, given the
number of toxic effects that only emerge
once a drug is used outside the setting of
premarketing trials. However, old drugs
also seem to carry substantial risk; most
ADEs in outpatients represent known as-
sociations between drugs and complica-
tions.3

Prior studies of drugs used in the out-
patient setting have examined the ad-
equacy of laboratory monitoring9-11 and the
frequency of harmful drug-drug and drug-
disease interactions.12-14 These studies have
all found outpatients to be at substantial
risk for preventable ADEs. However, many
such studies have been limited by their in-
clusion of only a few individual drugs or

drug classes. One Swedish study15 calcu-
lated that 13.6% of prescriptions dis-
pensed in a single month included at least
1 potential drug interaction. Few US data
are available regarding the prevalence of
potentially dangerous drug-drug and drug-
disease interactions across the universe of
drugs in outpatients. Furthermore, few
data are available regarding the extent to
which prescribers adhere to laboratory
monitoring recommendations (drug-
laboratory interactions) across a broad
spectrum of outpatient drugs.

The Physicians’ Desk Reference (PDR)16

is the most commonly used source of la-
beling information,17 and contains black
box warnings that are intended to help
physicians avoid the most serious ADEs.
Black box warnings, developed by the
Food and Drug Administration, commu-
nicate critical information to providers
(physicians, nurse practitioners, and other
prescribers). The warnings are separated
(and thus highlighted) from other text in
the package labeling by a prominent black
box border. Analyzing data from 51 am-
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bulatory practices in the greater Boston area, our goal was
to determine how frequently physicians and other pro-
viders prescribe drugs in violation of black box warn-
ings pertaining to drug-drug, drug-laboratory, and drug-
disease interactions. We hypothesized that medical
providers may frequently prescribe drugs in violation of
these warnings, and that such prescribing may result in
patient harm.

METHODS

SITES

We studied ambulatory practices in the greater Boston area that
use a common electronic health record (EHR). Such practices
included 40 hospital-based clinics, 4 community health cen-
ters, and 7 community-based practices. The EHR contains in-
formation collected and entered by providers during clinical
care. Available information includes patient demographics, lists
of medical problems and prescription drugs (with start and stop
dates), and results of laboratory tests. Abookire et al18 have pre-
viously documented a high level of accuracy in our EHR elec-
tronic problem list, medication list, demographic variables, and
laboratory data. For example, when diabetes mellitus or hy-
pertension was listed on the electronic problem list, these prob-
lems were found on medical record review 98% of the time.
Similarly, if certain drugs (such as statins or hormone therapy
agents) were on the electronic medication list, then more than
95% of the time these agents appeared on medical record re-
view. Prescribing was done electronically. Decision support in
place during the study included drug-allergy checking and de-
fault dose suggestions, but not drug-drug, drug-laboratory, or
drug-disease checking. Black box warnings were not part of the
decision support; clinicians would only be aware of such warn-
ings if they consulted the PDR, drug package inserts, or other
prescribing references that contain information about black box
warnings. Partners HealthCare System Institutional Review
Board approved the study.

PATIENTS

We analyzed data from all patients 18 years or older who were
seen at ambulatory practices using the EHR and who received
(based on order dates in the computer) at least 1 prescription
from January 1 to December 31, 2002. We focused our analy-
sis on patients who received a prescription for a drug that con-
tains a black box warning pertaining to drug-drug, drug-
laboratory, and/or drug-disease interactions. Staff at ambulatory
practice sites routinely record patient race (white, black, or
Asian) and ethnicity (Hispanic); we analyzed these variables
to determine if they were associated with prescribing patterns.

IDENTIFICATION OF CANDIDATE DRUGS

We obtained a comprehensive list of drugs with black box warn-
ings for drug-drug, drug-laboratory, and drug-disease interac-
tions.19 Black box warnings are prominently displayed in the
PDR16 and in drug package inserts to alert practitioners about
serious risks.20 Two of the study investigators (1 research phar-
macist [D.L.S.] and 1 physician [K.E.L.]) independently re-
viewed the list of drugs. The investigators identified all drug
warnings in which the frequency of monitoring was not pre-
cisely defined. For example, the drug valproate sodium con-
tains a black box warning to check liver function test results at
frequent intervals, but does not specify how often to monitor
such tests. The investigators also identified warnings that in-

cluded imprecise terms, such as advanced renal impairment,
active liver disease, and high dose. Providers could interpret
such terms in varying ways, leading to different monitoring prac-
tices. With 100% agreement, the reviewers identified 55 (52.9%)
of 104 drugs for which the black box warning was vague and
required clarification. In these cases, 2 of the investigators (K.E.L.
and A.S.K.) queried academic medical specialists at 3 Partners
HealthCare System–affiliated hospitals to obtain consensus about
what is considered to be standard of care laboratory monitor-
ing. When the specialists differed on the optimal frequency of
monitoring, we used the most liberal (least frequent) monitor-
ing interval.

We excluded the following drugs from our analysis: (1) drugs
for which the black box warning concerned data that are not
easily accessible to data analysis in the EHR, such as cumula-
tive drug doses (n=2); (2) drugs for which our medical spe-
cialists were unable to produce a study definition (the only drug
class that we excluded for this reason is aminoglycoside drugs,
because they contain a black box warning to “avoid with neph-
rotoxic drugs”; because of the clinical decision making that is
different for each patient, our specialists were unable to iden-
tify a list of nephrotoxic drugs that are absolutely contraindi-
cated with aminoglycosides); and (3) drugs prescribed exclu-
sively in children (n=1). We also identified 14 drugs with black
box warnings that are not routinely prescribed in the outpa-
tient setting.

DEFINITIONS

For drugs with a black box warning pertaining to safety in preg-
nancy, we required that baseline pregnancy testing occur within
1 month before the patient started taking a drug. We required
that testing for baseline hepatic or renal dysfunction occur within
3 months before the patient started taking a drug. For all other
laboratory tests, we defined baseline laboratory testing as re-
ceipt of a given laboratory test within 12 months before the pa-
tient started taking a drug.

Some of the black box warnings require that a drug be dis-
continued in the presence of another drug, disease, or labora-
tory value. It is possible that a prescriber might contact a pa-
tient to discontinue a drug, but might not update the EHR until
a subsequent visit. In such cases, we scored prescribing as ad-
herent if a prescriber entered a discontinuation date for the drug
within 3 months of the appearance of a contraindicated drug,
disease, or laboratory value.

ADVERSE DRUG EVENTS

To estimate how frequently black box warning violations re-
sult in patient harm, we reviewed a random sample of 575 pa-
tient records (corresponding to 583 black box warning viola-
tions) in which a prescriber violated a black box warning. This
sample was drawn from the universe of patient records in which
a patient was prescribed a drug in violation of a black box warn-
ing (n=2354). We had initially calculated that we would need
to review 400 medical records to obtain a point estimate of ADE
incidence with sufficiently narrow confidence intervals (CIs),
estimating that about 10% of black box exposures would re-
sult in an ADE. We reviewed an additional 175 medical rec-
ords because the ADE incidence was lower than expected. For
each record, we reviewed all visits accessible on the EHR (out-
patient, emergency department, and inpatient) and deter-
mined whether the black box violation consisted of a medical
error (with little or no potential for harm), a potential ADE, or
an ADE.21 For each patient record, 2 physicians (N.R.S. and
J.M.R. or N.R.S. and T.K.G.) independently reviewed all po-
tential ADEs and all ADEs. The reviewers determined the like-
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lihood that the event was related to a medication (thus, mer-
iting classification as an ADE or a potential ADE) and classified
the event according to its severity and preventability. Each ADE
was classified as fatal or life threatening, serious, or signifi-
cant. Further details about our ADE review process have been
published elsewhere.3 Interrater agreement was high for the clas-
sification of events as drug related (� scores [95% CIs] for the
2 different pairs of reviewers were 0.97 [0.92-1.01] and 0.92
[0.82-1.03], respectively), and was lower for their severity (�
scores [95% CIs] for the 2 different pairs of reviewers were 0.67
[0.38-0.96] and 0.77 [0.57-0.96], respectively).

ANALYSIS AND STATISTICAL PROCEDURES

Among patients who were prescribed a drug with a black box
warning for a drug-drug, drug-laboratory, or drug-disease in-
teraction, we calculated the proportion who received a contra-
indicated drug, who had a contraindicated disease, and who
did not receive adequate laboratory monitoring. We used the
�2 test to compare differences in groups (patients in whom the
black box warning was violated vs patients in whom the black
box warning was not violated) according to patient and pro-
vider characteristics. The association between the patient and
provider characteristics and the presence of a black box warn-
ing violation was determined by a logistic regression model,
applying the exchangeable covariance structure of the gener-
alized estimating equation approach to adjust for within-
patient correlations.22 All variables with P�.10 in the univari-
ate analyses were included in the baseline multivariable model.
Interaction terms between patient and provider characteris-
tics were also examined in the baseline model, and were re-
tained using a threshold of P�.05. The baseline model in-
cluded age group, sex, race, language, and 6 interaction terms
between patient characteristics, provider type, site of care, num-
ber of medical problems, and number of medications and 6 in-
teraction terms of provider characteristics with these vari-
ables. The final model included all single effects and 4 interaction
terms that were significant in the baseline model; these in-
cluded age group � race, age group � language, provider
type�site of care, and site of care�number of medical prob-
lems. All variables in the final model were statistically signifi-
cant (P�.05 with the score statistic in the type 3 generalized
estimating equation analysis). We computed adjusted odds ra-
tios and 95% CIs based on the multiple logistic regression vari-
able estimates as measures of effect size. All analyses were per-
formed using SAS statistical software for Windows, version 8.2
(SAS Institute Inc, Cary, NC).

RESULTS

In 2002, 324 548 outpatients in the target population re-
ceived a prescription medication. Of these patients, 33 778
(10.4%) received a medication that contained a black box
warning pertaining to drug-drug, drug-laboratory, and/or
drug-disease interaction. Of these 33 778 patients, 2354
(7.0%, or 0.7% of all outpatients) received a prescrip-
tion in violation of the black box warning. The Figure
shows the distribution of type of black box warning (drug-
drug, drug-laboratory, and drug-disease) and the fre-
quency with which each type of warning was violated.
Most patients who received a prescription with a black
box warning were at risk for a drug-disease interaction
(90.6%), followed by a drug-laboratory interaction
(26.6%) and a drug-drug interaction (3.3%) (patients
could have �1 type of interaction). Patients who re-
ceived drugs with drug-drug and drug-laboratory inter-
action warnings frequently received the drug in viola-
tion of the black box warning (36.2% and 19.4%,
respectively). Patients who received drugs with drug-
disease warnings rarely had contraindicated diseases
(0.7%).

Table 1 shows the demographic characteristics of the
33 778 patients. The mean age of the patients was 61 years
(SD, 15 years), and most patients were female, white, En-
glish speaking, and privately insured. Table 2 shows the
48 863 prescription drug orders corresponding to the

N = 324 548 Outpatients Prescribed a Medication in 2002

n = 33 778 (10.4%) Prescribed a Drug With a Black Box Warning

n = 1107 (3.3%)
With a Drug-Drug

Warning

n = 30 605 (90.6%)
With a Drug-Disease

Warning

n = 8974 (26.6%)
With a Drug-Laboratory

Warning

n = 401 (36.2%)
Prescribed a

Contraindicated Drug

n = 209 (0.7%)
Had a Contraindicated

Disease

n = 1744 (19.4%)
Did Not Receive

Adequate Monitoring

Figure. Patients according to type of black box warning violation.

Table 1. Univariate Analysis: Characteristics of Patients
Who Were Prescribed a Drug With a BBW for Drug-Drug,
Drug-Laboratory, and/or Drug-Disease Interactions*

Characteristic
Total

(N = 33 778)

Not Prescribed
a Drug

in Violation
of a BBW

(n = 32 181)

Prescribed
a Drug

in Violation
of a BBW

(n = 1597)

Age, y†
18-44 5440 (16.1) 4899 (15.2) 541 (33.9)
45-54 6429 (19.0) 6057 (18.8) 372 (23.3)
55-64 8142 (24.1) 7868 (24.4) 274 (17.2)
65-74 6800 (20.1) 6608 (20.5) 192 (12.0)
�75 6967 (20.6) 6749 (21.0) 218 (13.7)

Sex
Male 13 508 (40.0) 12 975 (40.3) 533 (33.4)
Female 20 270 (60.0) 19 206 (59.7) 1064 (66.6)

Race/ethnicity
White 21 900 (64.8) 20 731 (64.4) 1169 (73.2)
Nonwhite 8397 (24.9) 8155 (25.3) 242 (15.2)
Unknown 3481 (10.3) 3295 (10.2) 186 (11.6)

Language
English 28 549 (84.5) 27 113 (84.3) 1436 (89.9)
Non-English 3951 (11.7) 3856 (12.0) 95 (5.9)
Unknown 1278 (3.8) 1212 (3.8) 66 (4.1)

Insurance
of poverty‡

Yes 5139 (15.2) 4891 (15.2) 248 (15.5)
No 28 639 (84.8) 27 290 (84.8) 1349 (84.5)

Abbreviation: BBW, black box warning.
*Data are given as number (percentage) of each group. Percentages may

not total 100 because of rounding. P�.001 for the difference between all
characteristics, except for insurance of poverty.

†As of December 31, 2002.
‡Medicaid or free care.
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33 778 patients in Table 1. Table 3 shows the results of
multivariate analyses, including patient age, sex, race, and
language; provider type and site of care; and number of
medical problems and medications. Patients who were
75 years and older, white, and female and who took more
medications were significantly more likely to receive a
drug in violation of a black box warning than were
younger, male, nonwhite patients who took fewer medi-
cations. Patients who had a moderate number (4-6) of
medical problems were less likely to receive a drug in vio-
lation of a black box warning than were other patients,
while patients seen at community health centers and at
hospital-based clinics were more likely to receive drugs
in violation of black box warnings than were patients seen
at community-based private offices.

A table listing the 69 individual drugs or drug classes
in which there was a potential black box warning viola-
tion, and the percentage of patients in whom the warn-
ing did not seem to be followed is available in an online
eTable (http://www.archinternmed.com). Seven drugs
(azathioprine, carbamazepine, lithium carbonate or cit-
rate, metformin, propoxyphene, triamterene, and val-
proate; 10.1% of all drugs) accounted for 1745 (74.1%)
of the black box violations.

We reviewed 575 patient records corresponding to 583
black box warning violations. We excluded 92 (15.8%)
of the apparent violations for which we discovered that
the drug was not actually prescribed in violation of the
black box warning. For example, in one record, the phy-
sician wrote a note to hold metformin in the setting of
acute renal failure, but did not discontinue the metfor-
min from the medication list. In 124 cases (21.3%), there
were insufficient data available to determine whether an
ADE had occurred. An example is a patient who re-
ceived lithium and had no provider visits or laboratory
tests done in 2002, perhaps indicating care at another fa-
cility. In the remaining 367 black box warning viola-
tions, there were 4 ADEs related to the black box warn-
ing violation (1.1%; 95% CI, 0.03%-2.15%), 4 ADEs

Table 2. Univariate Analysis: Characteristics of Drug
Prescription Orders for Patients Who Were Prescribed
a Drug With a BBW for Drug-Drug, Drug-Laboratory,
and/or Drug-Disease Interactions*

Characteristic
Total

(N = 48 863)

Not Prescribed
a Drug

in Violation
of a BBW

(n = 46 377)

Prescribed
a Drug

in Violation
of a BBW

(n = 2486)

Provider type
Primary care MD,

NP, or PA
36 936 (75.6) 35 450 (76.4) 1486 (59.8)

Specialist MD 6823 (14.0) 6061 (13.1) 762 (30.7)
Other 5104 (10.4) 4866 (10.5) 238 (9.6)

Site of care
Community-based

private office
7944 (16.3) 7621 (16.4) 323 (13.0)

Community health
center

12 892 (26.4) 12 296 (26.5) 596 (24.0)

Hospital-based clinic 28 027 (57.4) 26 460 (57.1) 1567 (63.0)
No. of medical problems

on the problem list†
0 15 236 (31.2) 14 198 (30.6) 1038 (41.8)
1-3 10 116 (20.7) 9588 (20.7) 528 (21.2)
4-6 11 808 (24.2) 11 349 (24.5) 459 (18.5)
�7 11 703 (24.0) 11 242 (24.2) 461 (18.5)

No. of medications‡
0 18 375 (37.6) 17 274 (37.2) 1101 (44.3)
1-3 18 064 (37.0) 17 302 (37.3) 762 (30.7)
�4 12 424 (25.4) 11 801 (25.4) 623 (25.1)

Abbreviations: BBW, black box warning; MD, medical doctor; NP, nurse
practitioner; PA, physician assistant.

*Data are given as number (percentage) of each group. Percentages may not
total 100 because of rounding. P�.001 for the difference between all
characteristics.

†Defined as the number of medical problems on the problem list when the
drug with BBWs was prescribed.

‡Defined as the number of medications taken by the patient when or before
the drug with BBWs was prescribed.

Table 3. Multivariate Analysis: Data for Violation
of BBW for Drug-Drug, Drug-Laboratory,
and/or Drug-Disease Interactions*

Variable OR (95% CI)

Age, y
18-44 1.51 (0.88-2.60)
45-54 1.58 (0.91-2.74)
55-64 1.15 (0.66-2.01)
65-74† 1.00
�75 1.94 (1.08-3.48)

Sex
Male† 1.00
Female 1.37 (1.25-1.50)

Race
White 1.50 (1.05-2.15)
Nonwhite† 1.00
Unknown 0.88 (0.46-1.67)

Language
English 1.19 (0.74-1.91)
Non-English† 1.00
Unknown 3.51 (1.61-7.68)

Provider type
Primary care MD, NP, or PA 1.25 (0.80-1.94)
Specialist MD 1.09 (0.66-1.81)
Other† 1.00

Site of care
Community-based private office† 1.00
Community health center 1.89 (1.05-3.39)
Hospital-based clinic 1.79 (1.02-3.12)

No. of medical problems on the problem list‡
0 1.47 (1.04-2.07)
1-3 1.45 (1.02-2.07)
4-6† 1.00
�7 1.93 (1.30-2.86)

No. of medications§
0 1.03 (0.92-1.16)
1-3† 1.00
�4 1.29 (1.15-1.45)

Abbreviations: BBW, black box warning; CI, confidence interval; MD,
medical doctor; NP, nurse practitioner; OR, odds ratio; PA, physician
assistant.

*Analyses controlled for age group, sex, race, language, and the following
interaction terms: age group � race, age group � language, provider
type � site of care, and site of care � number of medical problems.

†Reference group.
‡Defined as the number of medical problems on the problem list when the

drug with BBWs was prescribed.
§Defined as the number of medications taken by the patient when or

before the drug with BBWs was prescribed.
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unrelated to the black box warning violation (1.1%; 95%
CI, 0.03%-2.15%), 92 potential ADEs (25.1%; 95% CI,
20.6%-29.5%), 154 medication errors (42.0%; 95% CI,
36.9%-47.0%), and 115 cases (31.3%) in which propoxy-
phene was prescribed in violation of its black box warn-
ing (2 such cases resulted in an ADE). We present the
results for propoxyphene separately because they ac-
count for so many cases.

Descriptions of the ADEs related to black box warn-
ing violations are available from the authors. Among the
4 ADEs related to a black box warning violation, our re-
viewers rated 3 as serious and 1 as significant; all were
deemed preventable. Among the 92 potential ADEs, 18
were rated as having a potential for a fatal or life-
threatening ADE, 71 for a serious ADE, and the remain-
ing 3 for a significant ADE. An example of a fatal or life-
threatening potential ADE is a patient taking metformin
with a diagnosis of congestive heart failure requiring phar-
macologic treatment; an example of a serious potential
ADE is a patient who is taking lithium without having
levels monitored; and an example of a significant poten-
tial ADE is a patient taking anabolic corticosteroids with-
out having lipids levels monitored.

COMMENT

In this study, we found that 1 in 10 outpatients was pre-
scribed 1 or more drugs with a black box warning for drug-
drug, drug-laboratory, and/or drug-disease interac-
tions, and that overall 7 in 1000 outpatients received a
prescription in violation of these black box warnings.
While 2354 patients received a prescription in violation
of a black box warning, we performed a detailed record
review on a sample of 575 of these records. Based on the
rates of ADEs detected in our record review, we esti-
mate that less than 1% of these 2354 patients, or 16 pa-
tients, had an ADE resulting from the black box warn-
ing violations; about 1 in 6 patients who received a drug
in violation of a black box warning had a potential ADE,
and about 1 in 4 patients who received a drug in viola-
tion of a black box warning had a medication error. A
few drugs, including azathioprine, anticonvulsants (car-
bamazepine and valproate), lithium, metformin, pro-
poxyphene, and potassium-sparing diuretics, ac-
counted for most black box warning violations. This study
was done in practices that were using electronic pre-
scribing, but with limited decision support. Limited de-
cision support is characteristic of most prescribing ap-
plications at implementation.

Our findings differ from those of previous studies of
individual drugs or classes of drugs. Such studies have
shown that prescribers fail to adhere to black box warn-
ings much more frequently than was observed in our
study. For example, Horlen et al12 found that almost one
quarter of patients with a prescription for metformin had
1 or more absolute contraindications (renal dysfunc-
tion and/or congestive heart failure requiring pharma-
cologic treatment). In our study, fewer patients who re-
ceived a prescription for metformin (only 5%) had
violations of the black box warning regarding absolute
contraindications to metformin use. Another study of

Medicaid patients with bipolar disorder found that many
(36.5% prescribed lithium, 42.2% prescribed carbamaz-
epine, and 42.4% prescribed valproate) of such patients
received no therapeutic drug monitoring of mood-
stabilizing medications or recommended laboratory tests
over 1 year. The researchers9 defined inadequate moni-
toring as monitoring that was not consistent with prac-
tice guidelines based on expert consensus. Our study
found that a similarly high percentage of patients taking
these 3 medications (lithium, 69.1%; carbamazepine,
24.5%; and valproate, 30.1%) did not receive adequate
laboratory monitoring as required by the PDR black box
warning. Several other studies10,13,23,24 have also shown
that labeling recommendations do not affect prescrib-
ing behavior.

Given the potential risk associated with black box
warning violations, a better understanding is needed about
why health care providers violate such warnings. We
speculate that much of the time providers may be un-
aware of black box warnings, or may not have time to
look up information on each drug that they prescribe,
especially for their patients with the most complicated
conditions. Providing decision support regarding the most
frequently violated warnings may be helpful. Older, fe-
male, and white patients, and those seen at community
health centers and hospital-based clinics, were the most
likely to receive medications in violation of a black box
warning. Patients taking more medications, and those with
fewer than 4 or more than 6 medical problems, were also
at risk. While we had no data on socioeconomic status,
we suspect that patients seen at community health cen-
ters and hospital-based clinics are more likely to be poor
than their counterparts seen at community-based pri-
vate practices. It is possible that poor patients have more
social issues that may draw the providers’ attention away
from issues of prescription drug monitoring. We also hy-
pothesize that patients with few medical problems may
be less likely to see their providers regularly, allowing fewer
opportunities to review their medication list. Patients with
many medical problems, on the other hand, may be so com-
plex that providers do not have time to closely review the
prescribing information for each medication.

Providers may also seek alternative sources of guid-
ance for prescribing, such as clinical practice guide-
lines. The directives of black box warnings may differ from
those contained in clinical practice guidelines, and are
often difficult to follow. For example, psychiatric guide-
lines state that blood should be drawn to monitor lithium
serum levels every 3 to 6 months.25 The PDR black box
warning refers prescribers to the dosage and administra-
tion section of the package labeling, which stipulates
that lithium levels should be monitored at least every 2
months. Even when providers are aware of black box
warnings, they may have difficulty adhering to them. In
many cases, the warnings are vague and difficult to in-
terpret. We found that more than half of the black box
warnings required clarification from a specialist. Pa-
tient failure to complete laboratory testing may result in
black box warning violations, although this was a rare
occurrence in our record review. Finally, providers may
knowingly violate a black box warning because of indi-
vidual patient circumstances.
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We believe these data have implications for the Food
and Drug Administration, the developer of black box
warnings. The Food and Drug Administration should
make these warnings more specific, so that they are readily
understandable by providers, and so that such provid-
ers can easily take action to avoid violating the warn-
ings. A term like frequently should not be used. While a
term like nephrotoxic drugs is undesirable, it may be nec-
essary to make a warning brief. Because of the increas-
ing use of EHRs, the warnings should be mapped to terms
that make them computable. A compilation of comput-
able warnings would be a highly useful resource that could
be used to design prescribing alerts. Remembering all these
warnings is beyond the capability of the human mind. If
providers are to consider these warnings, it is essential
that at least the most frequently violated warnings be com-
piled and made available through decision support in
EHRs. While such records are only used by about a quar-
ter of physicians nationally,26 their use seems to be in-
creasing rapidly.

Our study was limited by the fact that we did not have
access to visit or laboratory data outside of the EHR. Thus,
we could not determine whether an ADE occurred in
about a fifth of the records reviewed. For example, if a
patient saw a provider who listed lithium on the medi-
cation list, yet had his or her blood tests done at an out-
side laboratory, we would not have access to data on that
patient’s lithium levels. Our study is consistent with a
recent report27 documenting a high frequency of miss-
ing clinical information during primary care visits. We
may overestimate the frequency of nonadherent prescrib-
ing, because some tests (such as a purified protein de-
rivative [tuberculin] test) may be done and docu-
mented within the text of a note, but may not be entered
into the health maintenance section of the EHR, where
it would be captured in our analysis. At the same time,
we may underestimate the occurrence of ADEs, given that
many outpatients do not report symptoms that may be
due to an ADE. Furthermore, many providers do not docu-
ment such symptoms when they are reported.3 Finally,
our study was conducted in urban medical practices af-
filiated with academic teaching centers, and may not be
generalizable to other settings.

Our results suggest that although a few outpatients
seem to receive prescriptions in violation of black box
warnings for drug-drug, drug-laboratory, and/or drug-
disease interactions, the absolute number of outpatients
at risk is substantial. To increase adherence to black box
warnings, such warnings need to be clarified, simpli-
fied, and made consistent with commonly used practice
guidelines. Future studies should explore the effective-
ness of EHR-based alerts for the most commonly vio-
lated medication warnings and for warnings that, when
violated, have a high potential to cause patient harm.
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Call for Papers

Sleep Theme Issue

A special issue of the Archives of Internal Medicine will be devoted to further
our understanding of the relationship of sleep and metabolic, cardiovascular,
or immunological disorders and the effects of chronic medical disease on sleep
disorders.

The importance of sleep quality for health has been reported yet remains
underappreciated by both health care professionals and the general public. Sev-
eral lines of evidence indicate that sleep quality may be a marker of overall health.
Epidemiologic surveys show an association between shortened sleep duration
and obesity, cardiovascular disease, and diabetes. Physiological studies indi-
cate that short-term sleep loss results in alterations in metabolic and immune
function. Survey data show that medical disorders are often associated with self-
reported poor sleep. Patients with chronic pain (arthritis, fibromyalgia) and gas-
trointestinal (gastroesophageal reflux disease), cardiovascular (coronary heart
disease, congestive heart failure, hypertension), pulmonary (chronic obstruc-
tive pulmonary disease, asthma), and metabolic disorders (obesity, diabetes)
are at increased risk for disturbed sleep. Increasing evidence points to a bidi-
rectional relationship between sleep and health, so that sleep disturbances con-
tribute to the development of or increase in the severity of various medical dis-
orders; these same disorders result in poor sleep quality. Still, little is known
about the mechanisms for these relationships and whether improving sleep can
modify the course of comorbid medical disorders.

Papers on medical topics, whether descriptive or mechanistic, will be con-
sidered. The deadline for submission is March 15, 2006. Peer-reviewed and ac-
cepted sleep theme manuscripts will appear in the September 11, 2006, issue.
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eTable. Drugs With a BBW Pertaining to Drug-Drug, Drug-Laboratory, and/or Drug-Disease Interactions

Drug Name FDA Class Warning or Monitoring Recommendation*

Total No. of Patients
for Whom the Drug

Was Ordered

No. (%)
Nonadherent
to the BBW

Abacavir Antiviral 1. Suspend therapy in patients who develop lactic acidosis
(low bicarbonate)

110 2 (1.8)

2. Suspend therapy in patients who develop hepatotoxicity
(transaminases �5 times the upper limit of normal)

0

Nonadherence to 1 or 2 2 (1.8)
Acitretin Dermatologic Negative serum or urine pregnancy test result within 1 wk

before therapy
4 2 (50.0)

Altretamine Antineoplastic CBC-platelet count at baseline, before each course, at least
monthly

2 0

Amiloride Diuretics, potassium
sparing

Monitor serum potassium levels (every 6 mo) 195 32 (16.4)

Amiodarone Antiarrhythmics Monitor liver enzymes on high dose (every 6 mo) 262 16 (6.1)
Anabolic corticosteroids Androgen 1. Perform LFTs (every 4 mo) 67 34 (50.7)

2. Perform serum lipid tests (every 4 mo) 40 (59.7)
Nonadherence to 1 or 2 41 (61.2)

ACE inhibitors and
angiotensin II
antagonists

Antihypertensive Unsafe in pregnancy 17 163 0

Azathioprine Immunomodulator CBC-platelet count weekly in the first month, twice monthly
for 2 mo, then monthly

238 170 (71.4)

�-blockers Antianginal and
antihypertensive

In patients with coronary artery disease, gradually reduce
dosage before drug discontinued

16 700 3 (0.02)

Bumetanide Diuretics, loop Monitor electrolytes, creatinine, and BUN levels (every 6 mo) 53 9 (17.0)
Capecitabine Antineoplastic,

antimetabolites
Monitor INR at least monthly in patients taking warfarin 31 0

Carbamazepine Anticonvulsant Monitor CBC-platelet count at baseline and during therapy
(once per year)

526 129 (24.5)

Carboplatin Antineoplastic Monitor CBC-platelet count during therapy (every 4 wk) 5 1 (20.0)
Carmustine Antineoplastic Weekly CBC count for 6 wk post dose 1 1 (100.0)
Chlorambucil Antineoplastic Weekly CBC-platelet count and WBC count during the first

3-6 wk of therapy, at 3 or 4 d after each weekly CBC count
(weekly CBC count)

6 5 (83.3)

Cilostazol Platelet inhibitor Contraindicated in those with CHF 65 2 (3.1)
Cisapride Acid/peptic agent Drug interactions with agents causing QT prolongation 6 0
Cladribine Antineoplastic Monitor CBC count and renal and hepatic function

(every 4 wk)
1 0

Clozapine Antipsychotic and
antimanic

1. Do not initiate if WBC count �3.5 � 103/µL 50 0
2. Do not initiate if history of myeloproliferative disease† 0
3. Weekly WBC count for first 6 mo of continuous treatment;

if WBC count �3.0 � 103/µL, may reduce to every other
week; posttreatment WBC count each week for 4 wk

44 (88.0)

Nonadherence to 1, 2, or 3 44 (88.0)
Cyclosporine Immunomodulator 1. Monitor renal function during therapy (every 3 mo) 131 34 (26.0)

2. If administered with methotrexate, monitor CBC count and
LFT results monthly

1 (0.8)

Nonadherence to 1 or 2 34 (26.0)
Danazol Infertility Negative pregnancy test result before therapy 10 4 (40.0)
Dantrolene Musculoskeletal agent Monitor hepatic function at baseline, and at appropriate

intervals (once per year); if values are abnormal,
discontinue therapy

3 0

Didanosine Antiviral 1. Suspend therapy in patients who develop hepatotoxicity
(transaminases �5 times the upper limit of normal)

75 0

2. Discontinue in patients with pancreatitis 1 (1.3)
3. Suspend therapy in patients who develop lactic acidosis

(low bicarbonate)
0

Nonadherence to 1, 2, or 3 1 (1.3)
Ergotamine or

dihydroergotamine
Ergot alkaloid Concurrent use of CYP 3A4 inhibitors is contraindicated‡ 56 7 (12.5)

Dofetilide Antiarrhythmics 1. Renal function every 3 mo (“or when medically needed”)
(every 3 mo)

6 1 (16.7)

2. Baseline and continuous ECG during therapy; ECG every
3 mo (“or when medically needed”) (every 3 mo)

2 (33.3)

Nonadherence to 1 or 2 2 (33.3)
Droperidol Anesthetic, antiemetic Baseline ECG before initiation 1 1 (100.0)

(continued)
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eTable. Drugs With a BBW Pertaining to Drug-Drug, Drug-Laboratory, and/or Drug-Disease Interactions (cont)

Drug Name FDA Class Warning or Monitoring Recommendation*

Total No. of Patients
for Whom the Drug

Was Ordered

No. (%)
Nonadherent
to the BBW

Felbamate Anticonvulsant 1. Pretreatment CBC count, periodic thereafter (every 6 mo) 2 1 (50.0)
2. Baseline and periodic AST and ALT levels (every 6 mo) 0
Nonadherence to 1 or 2 1 (50.0)

Flecainide Antiarrhythmics Not recommended in patients with chronic atrial fibrillation 34 10 (29.4)
Fluorouracil Antineoplastic Monitor WBC count and platelets (every month) 6 1 (16.7)
Flutamide Antineoplastic Baseline ALT and AST levels before therapy, monthly for

4 mo, then periodically (every 6 mo); not recommended
if ALT level �2 times the upper limit of normal

9 3 (33.3)

Ganciclovir or
valganciclovir

Antiviral Monitor CBC-platelet count (every 2 wk) 61 38 (62.3)

Infliximab Disease-modifying
antirheumatic drug;
immunomodulators

Perform tuberculin skin test within 1 y before drug start date 116 96 (82.8)

Isoniazid Antimycobacteria Not for use in patients with “active liver disease”
(transaminases �5 times the upper limit of normal)

626 0

Isotretinoin Dermatologic Negative urine or serum pregnancy test result (2 samples) 42 15 (35.7)
Itraconazole Antifungal 1. May not be administered to patients with onychomycosis

and CHF
89 0

2. Drug interactions with cisapride, pimozide, quinidine, and
dofetilide

0

Nonadherence to 1 or 2 0
Ketoconazole Antifungal 1. Monitor LFT results and bilirubin level at baseline and

then at frequent intervals (3 wk after baseline)
110 91 (82.7)

2. Drug interaction with cisapride, astemizole, and
terfenadine

0

Nonadherence to 1 or 2 91 (82.7)
Ketorolac Analgesic

nonsteroidal
anti-inflammatory

1. Concurrent use with NSAIDs contraindicated 56 13 (23.2)
2. Contraindicated in patients with advanced renal

impairment (creatinine level, �3 mg/dL [�265 µmol/L])
0

3. Contraindicated in patients with peptic ulcers, GI bleeding,
and/or perforation (active or history)

1 (1.8)

Nonadherence to 1, 2, or 3 14 (25.0)
Lamivudine Antiviral 1. Suspend therapy in patients who develop hepatotoxicity

(transaminases �5 times the upper limit of normal)
311 4 (1.3)

2. Suspend therapy in patients who develop lactic acidosis
(low bicarbonate)

0

Nonadherence to 1 or 2 4 (1.3)
Leflunomide Disease-modifying

antirheumatic drug;
immunomodulator

Exclude pregnancy before initiation of therapy 258 52 (20.2)

Lithium carbonate or
citrate

Antipsychotic Check serum levels at least every 2 mo 385 266 (69.1)

Lomustine Antineoplastic Weekly CBC-platelet count for �6 wk postdose 1 1 (100.0)
Melphalan Antineoplastic CBC-platelet count and differential at baseline, during

therapy, and before each dose
7 3 (42.9)

Mesoridazine Antipsychotic,
phenothiazine

1. Contraindicated for use with agents that prolong the QTc
interval

2 0

2. Baseline and periodic ECG during therapy (once per year) 0
3. Baseline and periodic serum potassium level checking

during therapy (once per year)
0

Nonadherence to 1, 2, or 3 0
Metformin Antidiabetic agent,

biguanide
1. Avoid in patients with hepatic disease (transaminases �3

times the upper limit of normal)
3967 14 (0.4)

2. Avoid in patients with renal dysfunction (creatinine level,
�1.4 mg/dL [�124 µmol/L] in women and �1.5 mg/dL
[�133 µmol/L] in men)

123 (3.1)

3. Patients �80 y need creatinine clearance measured 58 (1.5)
4. Avoid in patients with CHF requiring pharmacologic

treatment
24 (0.6)

Nonadherence to 1, 2, 3, or 4 212 (5.3)
Misoprostol Gastrointestinal Women who take the drug for NSAID-related ulcer reduction

should have negative hCG test result
36 0

Mitomycin Antineoplastic CBC-platelet count and differential during and for at least
8 wk after therapy (every month)

2 0

(continued)
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eTable. Drugs With a BBW Pertaining to Drug-Drug, Drug-Laboratory, and/or Drug-Disease Interactions (cont)

Drug Name FDA Class Warning or Monitoring Recommendation*

Total No. of Patients
for Whom the Drug

Was Ordered

No. (%)
Nonadherent
to the BBW

Mitoxantrone Antineoplastic Monitor CBC-platelet count (every month); generally do not
administer if neutrophil count �1.5 � 103/µL, with the
exception of cases of acute nonlymphocytic leukemia

4 2 (50.0)

Nefazodone§ Antidepressant Contraindicated in patients with “active liver disease”
(AST or ALT level �3 times the upper limit of normal);
withdraw therapy if AST or ALT level �3 times the upper
limit of normal

274 0

Nevirapine Antiviral Patients should be closely monitored at baseline and for the
first 12 wk for signs of liver reactions (monitor LFT results
every 4 mo)

78 21 (26.9)

Paclitaxel Antineoplastic Monitor CBC-platelet count; do not administer until
neutrophil count �1.5 � 103/µL (every month)

7 1 (14.3)

Procainamide Antiarrhythmics CBC-differential-platelet count weekly during the first 3 mo
and periodically thereafter (once per year)

5 0

Propoxyphene Analgesic, narcotic Drug interaction with tranquilizers and antidepressants 735 377 (51.3)
Ribavirin/interferon

alpha 2b
Antiviral Contraindicated in pregnancy 1 0

Ritonavir Antiviral protease
inhibitor

Drug interactions with some nonsedating antihistamines,
sedative hypnotics, antiarrhythmics, and ergot alkaloids�

44 0

Sirolimus Immunosuppressive Use in patients undergoing liver or lung transplantation not
recommended based on lack of safety/efficacy data

40 6 (15.0)

Sotalol Antiadrenergic,
�-blocking
antiarrhythmics

Creatinine clearance before dosing 118 46 (39.0)

Stavudine Antiviral, nucleoside
reverse
transcriptase
inhibitor

1. Suspend therapy in patients who develop hepatotoxicity
(transaminases �5 times the upper limit of normal)

140 0

2. Suspend therapy in patients who develop lactic acidosis
(low bicarbonate)

0

Nonadherence to 1 or 2 0
Tenofovir Antiviral, nucleoside

reverse
transcriptase
inhibitor

1. Suspend therapy in patients who develop hepatotoxicity
(transaminases �5 times the upper limit of normal)

107 0

2. Suspend therapy in patients who develop lactic acidosis
(low bicarbonate)

0

Nonadherence to 1 or 2 0
Thalidomide Immunomodulator Contraindicated in pregnancy, negative hCG test result

24 h before therapy initiation, weekly during first month,
and monthly thereafter

58 6 (10.3)

Thioridazine Antipsychotic,
phenothiazine

1. Contraindicated with P450 2D6 inhibitors and agents that
prolong QT interval

13 3 (23.1)

2. Contraindicated in patients with a history of cardiac
arrhythmia or congenital long QT syndrome

0

3. Monitor serum potassium level (once per year) 6 (46.2)
4. Baseline and periodic ECG (once per year) 9 (69.2)
Nonadherence to 1, 2, 3, or 4 10 (76.9)

Ticlopidine Platelet inhibitor CBC-differential-platelet count, and smear at baseline and
every 2 wk during the first 3 mo; if patient stops therapy
in first 3 mo, continue monitoring for 2 wk longer

11 11 (100.0)

Tolcapone Extrapyramidal
movement
disorders

Do not initiate if 2 ALT or AST levels greater than the upper
limit of normal; baseline AST and ALT level monitoring
and every 2 wk for the first year, every 4 wk for the next
6 mo, and every 8 wk thereafter; monitor liver enzymes
before increasing dose to 200 mg TID; withdraw if ALT or
AST level greater than the upper limit of normal

2 2 (100.0)

Topotecan Antineoplastic,
topoisomerase
inhibitor

Monitor CBC-platelet count (every month); do not administer
if baseline neutrophil count �1.5 � 103/µL and platelet
count �100 � 103/µL; do not administer subsequent
cycles unless neutrophil count �1.0 � 103/µL, platelet
count �100 � 103/µL, and Hb level �9 g/dL

3 1 (33.3)

Trastuzumab Antineoplastic,
monoclonal
antibody

Increased cardiomyopathy risk with concurrent
anthracyclines and cyclophosphamide; check
echocardiogram at baseline and during therapy
(3 mo later)

1 0

Tretinoin Antineoplastic,
retinoid,
dermatologic

Negative serum or urine pregnancy test result within
1 wk before therapy

4 0

(continued)
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eTable. Drugs With a BBW Pertaining to Drug-Drug, Drug-Laboratory, and/or Drug-Disease Interactions (cont)

Drug Name FDA Class Warning or Monitoring Recommendation*

Total No. of Patients
for Whom the Drug

Was Ordered

No. (%)
Nonadherent
to the BBW

Triamterene
combination
products

Diuretics, potassium
sparing

Monitor serum potassium level (every 6 mo) 1761 389 (22.1)

Valproate sodium Anticonvulsant Baseline LFTs and frequent monitoring (once per year) 671 202 (30.1)
Vinblastine, vincristine,

or vinorelbine
Antineoplastics Granulocyte (neutrophils, eosinophils, and basophils) count

�1.0 � 103/µL before therapy
13 0

Zidovudine Antiviral 1. Suspend therapy in patients who develop hepatotoxicity
(transaminases �5 times the upper limit of normal)

18 0

2. Monitor CBC count (every 4 mo) 6 (33.3)
3. Suspend therapy in patients who develop lactic acidosis

(low serum bicarbonate level)
0

Nonadherence to 1, 2, or 3 6 (33.3)

Abbreviations: ACE, angiotensin-converting enzyme; ALT, alanine aminotransferase; AST, aspartate aminotransferase; BBW, black box warning; BUN, blood urea
nitrogen; CBC, complete blood cell; CHF, congestive heart failure; ECG, electrocardiography; FDA, Food and Drug Administration; GI, gastrointestinal;
Hb, hemoglobin; hCG, human chorionic gonadotropin; INR, international normalized ratio; LFT, liver function test; NSAID, nonsteroidal anti-inflammatory drug;
TID, 3 times a day; WBC, white blood cell.

*In cases in which the BBW was unclear, an operational definition appears in parentheses, as determined by discussions with specialists.
†Polycythemia vera, myelofibrosis, thrombocytosis, or chronic myelogenous leukemia.
‡Labeling revised in June or July 2002.
§Labeling revised in January 2002.
�Contraindicated with amiodarone, bepridil, flecainide, propafenone, quinidine, dihydroergotamine, ergotamine, midazolam, triazolam, cisapride, and pimozide

(for list of drugs to be used with caution, see package insert).
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