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Background: We investigated acetaminophen use and
identify factors contributing to supratherapeutic dosing
of acetaminophen in hospitalized patients.

Methods: We retrospectively reviewed the electronic
health records of adult patients who were admitted to 2
academic tertiary care hospitals (hospital A amd hospi-
tal B) from June 1, 2010, to August 31, 2010, and who
received acetaminophen during their hospitalization. Pa-
tients’ acetaminophen administration records (includ-
ing drug name, dose, administration time, hospital units,
etc), demographic data, diagnoses, and results from liver
function tests were obtained. The main outcome mea-
sures included acetaminophen exposure rate and supra-
therapeutic dosing rate among hospitalized patients, haz-
ard ratios (HRs) and 95% confidence intervals (CIs) for
risk factors for supratherapeutic dosing, and changes in
liver function test before and after supratherapeutic
dosing.

Results: A total of 14 411 patients (60.7%) were ex-
posed to acetaminophen, of whom 955 (6.6%) ex-
ceeded the 4 g per day maximum recommended dose.
In addition, 22.3% of patients who were 65 years or older
and 17.6% of patients with chronic liver diseases ex-

ceeded the recommended limit of 3 g per day. Patients
receiving excessive doses of acetaminophen tended to have
significant alkaline phosphatase elevations, although
causal relationship cannot be concluded. A significantly
higher risk of supratherapeutic dosing was observed in
hospital A (HR, 1.6 [95% CI, 1.4-1.8]), white patients
(HR, 1.5 [95% CI, 1.3-1.7]), patients diagnosed as hav-
ing osteoarthritis (HR, 1.4 [95% CI, 1.3-1.6]), and those
who received scheduled administrations (HR, 16.6 [95%
CI, 13.5-20.6]), multiple product formulations (HR, 2.4
[95% CI 2.0-2.9]), or the 500-mg strength formulation
(HR, 1.9 [95% CI, 1.5-2.3]). A lower risk was found for
pro re nata (as needed) administrations (HR, 0.7 [95%
CI, 0.6-0.9]) and in nonsurgical and non–intensive care
units (HR, 0.6 [95% CI, 0.5-0.7]).

Conclusions: Supratherapeutic dosing of acetamino-
phen was significantly associated with multiple factors.
Interventions to reduce the incidence of some risk fac-
tors may prevent supratherapeutic acetaminophen dos-
ing in hospitalized patients.
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A CETAMINOPHEN IS ONE OF

the most commonly used
drugs for pain relief and fe-
ver reduction.1-3 At the
same time, acetamino-

phen toxicity is the leading cause of acute
liver failure (ALF).4-7 A study of 22 spe-
cialty medical centers in the United States
reported that the annual percentage of ac-
etaminophen-related ALF rose from 28%
in 1998 to 51% in 2003.4 Patients who took
more than the recommended maximum
dose (eg, 4 g/d for persons �12 years) of
acetaminophen-containing products or
who consumed alcohol while taking ac-
etaminophen were at risk for hepatotox-
icity, ranging from abnormalities in liver
function blood tests,8 to ALF, and even
death.9,10 Other complications include co-

agulopathy10 and deafness.11 The US Food
and Drug Administration (FDA) has taken
several steps to cut risks from acetamino-
phen, including asking manufactures of
prescription acetaminophen combina-
tion products to limit the amount of ac-
etaminophen to 325 mg per dosage unit
and requiring a boxed warning on all prod-
ucts that highlights the potential risk for
severe liver injury.2,12

Historically, acetaminophen has been
marketed as “the safer”13 pain reliever
because it lacks the adverse effect profile
of other well-known analgesic classes,
for example, nonsteroidal anti-inflam-
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matory–induced gastritis or opioid-induced respiratory
depression. Acetaminophen comes in a variety of dos-
age forms (eg, tablet and liquid). It is marketed under
a wide array of brand names and generic labels and is
common in both over-the-counter drugs (eg, Tylenol)
and prescription drugs (eg, Percocet). Acetaminophen
is available as a single ingredient, or in combination
with other ingredients for the purpose of multisymp-
tom relief (eg, fever, cough, and insomnia). It is diffi-
cult for consumers and sometimes even health care
professionals to recognize that acetaminophen is a
component of so many products.

Previous studies of excessive acetaminophen use of-
ten focused on the outpatient setting, where it was hy-
pothesized that patients may have poor knowledge about
the safe maximum daily dose and may choose more than
1 drug containing acetaminophen concurrently to treat
different clinical conditions or symptoms.14 Heaton et al15

observed that over 3% of Ohio Medicaid patients had po-
tentially ingested at least 4 g/d, or at least 3 g/d with a
previous underlying liver dysfunction. Albertson et al16

examined the pharmacy claims data of California’s Med-
icaid fee-for-service population and found that 5.9% of
patients were potentially exposed to at least 1 day of 4
g/d or more of acetaminophen.

In the inpatient setting, clinicians are more aware
of acetaminophen’s risks, and patients’ actual acet-
aminophen consumption is monitored and recorded.
Nevertheless, the complexities of tracking the daily
cumulative dose of acetaminophen may result in inef-
fective monitoring and inadvertent supratherapeutic
dosing. Thus far, little research has been done in
investigating acetaminophen exposure in the inpatient
setting.

In this study, we used patients’ inpatient medication
administration data recorded in an electronic medica-
tion administration record (eMAR) system17,18 to
examine the acetaminophen exposure among hospital-
ized patients. The eMAR system is typically imple-

mented in conjunction with other technologies (such
as barcode technology) at the bedside to allow clini-
cians to verify a patient’s identity and her or his medi-
cation administrations.

METHODS

SETTING AND DATA COLLECTION

This study was conducted at 2 academic tertiary care hospitals
located in Boston, Massachusetts, hospital A and hospital B. Pa-
tients 12 years or older admitted to these 2 hospitals from June
1, 2010, to August 31, 2010, who received acetaminophen dur-
ing their hospital stay were included in this study. This study
was approved by the human research committee of Partners
HealthCare System.

Patients’ medication administration records were obtained
from the institutions’ eMAR system.17,18 Each record included
medication name, strength, dose amount, route, administra-
tion time, instructions, administering hospital unit (eg, inten-
sive care unit [ICU]), and other information. Patients’ demo-
graphic data (including age, sex, and race/ethnicity) were
obtained from the institutions’ common Clinical Data Reposi-
tory (CDR). Patients’ primary diagnoses were obtained from
the institutions’ common Research Patient Data Registry
(RPDR)19 using claims data and patients’ problem lists in their
electronic health records. Diseases identification (eg, chronic
liver diseases [CLDs]20) was based on a set of International Clas-
sification of Diseases, 9th Revision, Clinical Modification diag-
nosis codes. We also obtained patients’ liver function test re-
sults measured during their hospital stay, including serum
alanine transaminase (ALT), aspartate transaminase, alkaline
phosphatase (ALP), direct bilirubin, and total bilirubin levels,
and prothrombin time international normalized ratios.

A supratherapeutic dosing instance was defined as any cu-
mulative administration of acetaminophen of more than 4 g/d.
Secondary analyses of patients who were 65 years or older and
patients with CLD were performed using a supratherapeutic
dosing threshold of 3 g/d.15
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Figure 1. Supratherapeutic acetaminophen dosing instances and acetaminophen exposure time. A, Examples of supratherapeutic acetaminophen dosing instances
and the length of supratherapeutic dosing time (each time-stamp indicates that the patient took 1 g of acetaminophen). B, Examples of acetaminophen exposure
time for Cox regression model (each time-stamp indicates that the patient took 1 g of acetaminophen).
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STATISTICAL ANALYSIS

Among inpatients exposed to acetaminophen, we calculated the
percentage who had at least 1 episode of supratherapeutic ac-
etaminophen dosing and the number of supratherapeutic dos-
ing instances each patient had. Because an instance was de-
fined for any 24-hour window, instances can overlap
(Figure 1A). We determined the length of time (in days) dur-
ing which a patient received excessive acetaminophen by to-
taling the duration of each supratherapeutic dosing period with-
out double counting the periods of overlap. We compared the
average number of administrations of acetaminophen per day
and the average amount per dose for patients who had supra-
therapeutic dosing with those who did not.

To identify potential risk factors for supratherapeutic dos-
ing, we compared patients who had at least 1 instance of su-
pratherapeutic dosing with patients who remained under the
recommended limit with respect to demographic characteris-
tics, diagnoses, hospitals, hospital units, and the types of ac-
etaminophen products administered (ingredients, numbers of
products, strengths, and instructions). We assessed statistical
significance using the �2 test for categorical variables and t test
for continuous variables, and P� .05 was considered statisti-
cally significant. Potential risk factors for supratherapeutic dos-
ing identified by the univariate analysis were entered into a mul-
tivariate Cox model. In the Cox model, the start of the
acetaminophen exposure time of each patient was defined as
either the time of the first administration of acetaminophen or
the start of a new dosing sequence after a supratherapeutic dos-
ing event. If a supratherapeutic dosing event occurred, the stop
time was when the supratherapeutic dose was administered.
For the patient’s last acetaminophen exposure time period or
for cases in which the patient did not experience any suprath-
erapeutic dosing during hospitalization, the stop time was cen-
sored at the patient’s last administration of any drug (Figure 1B).
We divided each acetaminophen exposure into 24-hour peri-
ods, calculating and updating the time-varying covariates in each
period. Different acetaminophen products were not included
in the Cox model because they highly correlated with vari-
ables for different dose strength formulations. Hazard ratios
(HRs) and their 95% confidence interval (CIs) were calcu-
lated from the Cox model. We also examined whether pa-
tients’ liver function test results were affected by suprathera-
peutic dosing of acetaminophen during their hospital stay.
Because studies showed that the normalization of liver func-
tion tests often take 1 to 3 weeks,21 we calculated the differ-
ence between the latest laboratory test result before the first
supratherapeutic dosing and the first result within 14 days (if
any) after the last supratherapeutic dosing. For patients who
had no instances of supratherapeutic dosing, we calculated the
difference between the first and the last laboratory test results
of their hospitalization. Then, we compared the differences be-
tween the 2 groups using a linear regression model adjusted
for available characteristics and diagnoses (eg, the presence or
absence of CLD) of the patients,.

Patient data were managed in a Microsoft SQL Sever (ver-
sion 8.0) database, and data analysis was performed with SAS
statistical software (version 9.2; SAS Institute Inc).

RESULTS

PATIENTS AND SUPRATHERAPEUTIC
DOSING RATES

From June through August 2010, 23 750 patients at the
2 hospitals had eMAR records and were at least 12 years

old. Of these, 14 411 patients (60.7%) received acet-
aminophen and comprised the study population. The av-
erage age of the patients was 55.4 years (range, 12-110
years), and 35.1% of the patients were 65 years or older.
White patients comprised 78.4% of the study sample,
58.0% were female, and 6.9% had CLD.

Of the 14 411 study patients, 955 (6.6%) exceeded the
4g/d limit (9.6%athospitalAand4.2%athospitalB).Over-
all, 955 of 23 750 (4.0%) of all hospitalized adults were
exposed to supratherapeutic dosing of acetaminophen. In
addition, 22.3% of patients 65 years or older and 17.6% of
patientswithCLDexceededtherecommendedlimitof3g/d.

ACETAMINOPHEN DOSES
AND ADMINISTRATIONS

Averaged over their entire hospital stays, patients who re-
ceivedasupratherapeuticdosinghadmoreadministrations
per day (3.5 vs 1.5; P� .001) and a higher dose per admin-
istration (791 mg vs 651 mg; P� .001). Almost half of the
instances of supratherapeutic dosing were more than 5 g/d
(Figure 2A). Each patient who received supratherapeu-
tic dosing had a mean (SD) of 4.9 (5.3) incidences (range,
1-48incidences),comprisingameanof2.9(3.0)days(range,
1-30 days). Figure 2B demonstrates the distribution of the
total number of supratherapeutic dosing days for the su-
pratherapeuticallydosedpatientpopulation.About40%of
the patients received supratherapeutic dosing for 3 days or
more and 4.0% for 10 days or more.
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Figure 2. Distribution diagrams of supratherapeutic dosing amounts and
periods for supratherapeutically dosed patients during their hospital stay.
A, Frequency distribution of the maximum supratherapeutic dosing amounts.
B, Cumulative frequency of supratherapeutic dosing by total number of days.
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COMPARISON OF PATIENTS WITH AND
WITHOUT SUPRATHERAPEUTIC DOSING

Univariate results are summarized in Table 1. Patients
who received supratherapeutic dosing tended to be

older (56.6 vs 55.4 years; P=.04). White and 40- to 64-
year-old patients were more likely to receive suprath-
erapeutic dosing (odds ratio [OR], 2.0 [95% CI, 1.7-
2.5] and OR, 1.4 [95% CI, 1.2-1.6], respectively), as
were patients at hospital A (OR, 2.4 [95% CI, 2.1-

Table 1. Acetaminophen Exposure Rates and Supratherapeutic Dosing Rates by Patient and Dosing Characteristics

Characteristic

Acetaminophen
Users, No. (%)

(n = 14 411)

Supratherapeutic Dosing of Acetaminophen (�4 g/d)

No. (%)

Unadjusted OR
(95% CI)

Yes
(n = 955)

No
(n = 13 456)

Patient characteristic
Age, mean (range), y 55.4 (12-110) 56.6 (14-104) 55.4 (12-110)
Age, y

12-17 148 (1.0) 4 (0.4) 144 (1.1) 1.4 (1.2-1.6)a

18-39 3421 (23.7) 161 (16.9) 3260 (24.2)
40-64 5789 (40.2) 458 (48.0) 5331 (39.6)
�65 5053 (35.1) 332 (34.8) 4721 (35.1)

Sex
Female 8356 (58.0) 525 (55.0) 7831 (58.2) 1 [Reference]
Male 6055 (42.0) 430 (45.0) 5625 (41.8) 1.1 (1.0-1.3)

Race/ethnicity
White 11 304 (78.4) 837 (87.6) 10 467 (77.8) 2.0 (1.7-2.5)
Non-white 1 [Reference]

Asian 460 (3.2) 12 (1.3) 448 (3.3)
Black 1169 (8.1) 52 (5.5) 1117 (8.3)
Hispanic 1117 (7.8) 39 (4.1) 1078 (8.0)
Others 361 (2.5) 15 (1.6) 346 (2.6)

Hospitals
Hospital A 6594 (45.8) 630 (66.0) 5964 (44.3) 2.4 (2.1-2.8)
Hospital B 7817 (54.2) 325 (34.0) 7492 (55.7) 1 [Reference]

Hospital unitsb

Surgery 5856 (40.6) 620 (64.9) 5236 (38.9) 2.9 (2.5-3.3)
ICU 2065 (14.3) 169 (17.7) 1896 (14.1) 1.3 (1.1-1.6)
Medicine 4447 (30.9) 208 (21.8) 4239 (31.5) 0.6 (0.5-0.7)
Others (eg, obstetrics, gynecology, psychiatry) 4274 (29.7) 217 (22.7) 4057 (30.2) 0.7 (0.6-0.8)

Diagnosesc

CLDs 991 (6.9) 36 (3.8) 955 (7.1) 0.5 (0.4-0.7)
Osteoarthritis 1220 (8.5) 239 (25.0) 981 (7.3) 4.2 (3.6-5.0)

Drug componentsb

Single-ingredient, acetaminophen only 12 558 (87.1) 913 (95.6) 11 645 (86.5) 3.4 (2.5-4.6)
Multi-ingredient (combination) products containing acetaminophen 3809 (26.4) 235 (24.6) 3574 (26.6) 0.9 (0.8-1.1)

Different combination products (strength, mg)
Butalbital � caffeine � acetaminophen (325) 335 (2.3) 30 (3.1) 305 (2.3) 1.4 (1.0-2.0)
Codeine � acetaminophen (24 or 300) 185 (1.3) 4 (0.4) 181 (1.4) 0.3 (0.1-0.8)
Hydrocodone � acetaminophen (500) 562 (3.9) 88 (9.2) 474 (3.5) 2.7 (2.2-3.5)
Oxycodone � acetaminophen (325) 2781 (19.3) 135 (14.1) 2646 (19.7) 0.7 (0.6-0.8)
Propoxyphene � acetaminophen (650) 215 (1.5) 27 (2.8) 188 (1.4) 2.1 (1.4-3.1)

Acetaminophen products administered, No.
1 12 380 (85.9) 749 (78.4) 11 631 (86.4) 1 [Reference]
�2 2031 (14.1) 206 (21.6) 1825 (13.6) 1.8 (1.5-2.1)

Acetaminophen strength, mgb

�325 13 406 (93.0) 682 (71.4) 12 724 (94.6) 0.1 (0.1-0.2)
500 1660 (11.5) 484 (50.7) 1176 (8.7) 10.7 (9.3-12.3)
650c 752 (5.2) 82 (8.6) 670 (5.0) 1.8 (1.4-2.3)

Instructionsc

PRN 12 815 (88.9) 548 (57.4) 12 267 (91.2) 0.1 (0.1-0.2)
Standing dosed 2905 (20.2) 806 (84.4) 2099 (15.6) 29.3 (24.4-35.1)
1-Time dose 900 (6.3) 60 (6.3) 840 (6.2) 1.0 (0.8-1.3)

Abbreviations: CLD, chronic liver disease; ICU, intensive-care unit; OR, odds ratio; PRN, pro re nata (as needed or as the situation arises).
aThe 40- to 64-year-old group was compared with other age groups.
bThese groups are not mutually exclusive categories. For example, a patient can have both PRN and standing dose during his or her hospital stay. Therefore,

variables in each group are represented as binary variables which take the values of 0 or 1 and the reference category is not identified.
c Identification of CLD used the following International Classification of Diseases, 9th Revision, Clinical Modification codes: all 571.x codes for chronic liver

disease, 070.32 for chronic hepatitis B and 070.54 for chronic hepatitis C. Identification of osteoarthritis included all 715.x and 721.x codes.
dStanding dose means that medications is administrated on scheduled times, for example, 2 times per day.
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2.8]). Surgical units and ICUs were associated with
higher risk of supratherapeutic dosing (OR, 2.9 [95%
CI, 2.5-3.3] and OR, 1.3 [95% CI, 1.1-1.6], respec-
tively). In contrast, medicine and other units were asso-
ciated with a lower risk (OR, 0.6 [95% CI, 0.5-0.7] and
OR, 0.7 [95% CI, 0.6-0.8], respectively). While preexist-
ing CLD was associated with decreased likelihood of
supratherapeutic dosing (OR, 0.5 [95% CI, 0.4-0.7]),
osteoarthritis was associated with increased risk (OR,
4.2 [95% CI, 3.6-5.0]). No difference in supratherapeu-
tic dosing rate was noted between patients who received

multi-ingredient products and those who did not, but single-
ingredient products was demonstrated to have a higher risk
(OR, 3.4 [95% CI, 2.5-4.6]). Patients who received more
than 1 type of acetaminophen-containing product had
higher rates of supratherapeutic dosing (OR, 1.8 [95% CI,
1.5-2.1]). Of 164 patients who received 3 or more differ-
ent acetaminophen-containing products, the rate of supra-
therapeutic dosing was 20.7%. Products containing 500 mg
of acetaminophen per dosage unit were associated with su-
pratherapeutic dosing (OR, 10.7 [95% CI, 9.3-12.2]), as
were recurring scheduled administrations (ie, standing
doses) (OR, 29.3 [95% CI, 24.5-35.1]), but not pro re nata
(PRN) (as needed) (OR, 0.1 [95% CI, 0.1-0.2]) and 1-time
administrations.

DIFFERENCES BETWEEN HOSPITALS

Since the supratherapeutic dose rates differed by loca-
tion, we compared the patient characteristics and acet-
aminophen administrations of hospital A and hospital B
(Table 2). Hospital A had more female patients (62.9%
vs 53.9%; P � .001), fewer patients with CLD (4.2% vs
9.2%; P � .001), fewer patients with osteoarthritis (7.2%
vs 9.6%; P � .001), fewer patients in surgical units and
ICUs (27.4% vs 51.8%, P � .001; and 8.7% vs 19.1%,
P � .001, respectively), more patients in medicine and
other units (35.6% vs 26.9%; P � .001; and 42.4% vs
18.6%; P � .001, respectively), more frequent use of
single-ingredient (98.6% vs 77.5%; P � .001) and 500-mg
products (19.1% vs 5.1%; P � .001), and a much higher

Table 2. The Differences of Patient Characteristics
and Acetaminophen Administrations Between
Hospital A and Hospital B

Characteristic or Administration

Patients, No. (%)a

Hospital A
(n = 6594)

Hospital B
(n = 7817)

Age, mean (SD), y 54.8 (18.7) 56.0 (19.8)
Female, sex 4144 (62.9) 4212 (53.9)
White race 5021 (76.1) 6283 (80.4)
Hospital unit

Surgery 1809 (27.4) 4047 (51.8)
Intensive care unit 576 (8.7) 1489 (19.1)
Medicine 2346 (35.6) 2101 (26.9)
Other units 2811 (42.6) 1463 (18.7)

Diagnoses
Chronic liver diseases 276 (4.2) 715 (9.2)
Osteoarthritis 473 (7.2) 747 (9.6)

Drug components
Single-ingredient, acetaminophen

only
6499 (98.6) 6059 (77.5)

Multi-ingredient (combination)
products containing
acetaminophen

307 (4.7) 3502 (44.8)

Different combination products
(strength, mg)

Butalbital � caffeine
�acetaminophen (325)b

141 (2.1) 194 (2.5)

Codeine � acetaminophen (24 or
300)

0 185 (2.4)

Hydrocodone � acetaminophen
(500)

169 (2.6) 393 (5.0)

Oxycodone � acetaminophen
(325)

0 2781 (35.6)

Propoxyphene � acetaminophen
(650)

0 215 (2.8)

Acetaminophen products administered,
No.

1 6380 (96.8) 6000 (76.8)
�2 214 (3.2) 1817 (23.2)

Acetaminophen strength, mg
�325 5824 (88.3) 7582 (97.0)
500 1261 (19.1) 399 (5.1)
650c 345 (5.2) 407 (5.2)

Instructions
PRN 5528 (83.8) 7287 (93.2)
Standing dosed 1666 (25.3) 1239 (15.9)
1-Time dose 487 (7.4) 413 (5.3)

Abbreviations: ICU, intensive care unit; PRN, pro re nata (as needed or as
the situation arises).

aP � .001 except where noted.
bP = .17.
cP = .95.
dStanding dose means that medications is administrated on scheduled

times, for example, 2 times per day.

Table 3. Multivariate Cox Modeling Analyses:
Adjusted Hazard Ratios (HRs) for Supratherapeutic
Dosing of Acetaminophen

Risk Factor HR (95% CI) P Value

Age 0.9 (0.9-0.9) �.001
Sex (male vs female) 1.1 (1.0-1.2) .08
White race 1.5 (1.3-1.7) �.001
Hospital A vs hospital B 1.6 (1.4-1.8) �.001
Hospital unitsa

Surgery 0.8 (0.7-1.1) .37
Intensive care unit 1.3 (1.0-1.6) .13
Medicine and others 0.6 (0.5-0.7) .002

Diagnoses
Chronic liver disease 0.8 (0.6-1.1) .29
Osteoarthritis 1.4 (1.3-1.6) �.001

Acetaminophen products
administered, No.

2.4 (2.0-2.9) �.001

Acetaminophen strength, mga

�325 1.0 (0.8-1.2) .84
500 1.9 (1.5-2.3) �.001
650 1.5 (1.1-2.0) .08

Instructionsa

PRN 0.7 (0.6-0.9) .002
Standing doseb 16.6 (13.5-20.6) �.001
1-Time dose 0.8 (0.5-1.1) .38

Abbreviation: PRN, pro re nata (as needed or as the situation arises).
aThese groups are not mutually exclusive categories. For example, a

patient can have both PRN and standing dose during each acetaminophen
exposure time. Therefore, variables in each group are represented as binary
variables and they are all included in the Cox model.

bStanding dose means that medications is administrated on scheduled
times, for example, 2 times per day.
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percentage of standing dose administrations (25.3% vs
15.9%; P � .001). Hospital B administered more com-
bination products (44.8% vs 4.7%; P � .001) and was
more likely to administer multiple products to patients
(23.2% vs 3.2%; P � .001).

MULTIVARIATE ANALYSES

Multivariate Cox modeling analysis (Table 3) revealed
that the strongest risk factors associated with suprath-
erapeutic dosing were recurring scheduled (standing-
order) administrations (HR, 16.6 [95% CI, 13.5-20.6]),
the number of different products a patient received (HR,
2.4 for each additional product [95% CI, 2.0-2.9]), and
the use of products containing 500-mg acetaminophen
(HR, 1.9 [95% CI, 1.5-2.3]). In addition, white patients
(HR, 1.5 [95% CI, 1.3-1.7]), patients with osteoarthritis
(HR, 1.4 [95% CI, 1.3-1.6]), and patients who were at
hospital A (HR, 1.6 [95% CI, 1.4-1.8]) were more likely
to receive excessive dosing. A lower risk was found among
patients who were in medicine or other units (HR, 0.6
[95% CI, 0.5-0.7]) and those who had PRN administra-
tions (HR, 0.7 [95% CI, 0.6-0.9]).

OBSERVED CHANGES
IN LIVER FUNCTION TESTS

Table 4 summarizes the observed changes in liver func-
tion tests between patients who received supratherapeu-
tic dosing and those who did not. While no causal re-
lationship can be inferred, patients who received
supratherapeutic dosing were more likely to have statis-
tically significant elevations in ALP level (Figure 3), sta-
tistically insignificant elevations in ALT level, but nei-
ther clinically nor statistically significant changes in other
liver injury markers.

COMMENT

Previous studies of supratherapeutic acetaminophen
dosing in outpatient populations assumed that a pre-
scription filled is a prescription consumed.15,16 Pre-
scriptions that specify dosing ranges or PRN instruc-
tions limit one’s ability to determine whether a
supratherapeutic dosing occurred. Supratherapeutic
dosing of acetaminophen could be precisely and reli-

ably determined for this study owing to the use of
inpatient eMAR data that accurately recorded patients’
medication intake.

Our findings showed that despite policies and pro-
cedures to monitor and control patients’ acetamino-
phen exposure, the incidence of supratherapeutic acet-
aminophen dosing in hospitalized patients remains
high. Overall, 4.0% of all hospitalized adults experi-
enced a supratherapeutic dosing of acetaminophen.
These were not isolated events but often were succes-
sive and overlapping. A few studies assessing physi-
cian knowledge about acetaminophen dosing and rec-
ognition of acetaminophen-containing products had
inconsistent results.22,23 While 96.4% of physicians
knew their patients’ total acetaminophen dose,23 only
76% of physicians were aware of the maximum recom-
mended daily dose of acetaminophen, and many phy-
sicians had some difficulty identifying acetaminophen-
containing products.22 Several other studies24-26

reported that many practicing nurses do not possess
knowledge about pain relief medications that would
enable them to monitor the medication administra-
tions effectively. Hospital policy and increased clini-
cian training are warranted to help clinicians identify
acetaminophen-containing products and monitor
closely the daily dose of acetaminophen.

70

130

120

Ch
an

ge
 in

 A
LP

 L
ev

el
, U

/L

110

90

100

80

Before

211 With
supratherapeutic

dosing

5455 With
nonsupratherapeutic

dosing

Alkaline phosphatase (ALP)
(P <.001)

After

Figure 3. Changes in alkaline phosphatase (ALP) test results for patients
who received supratherapeutic acetaminophen dosing and who did not. (For
patients who received supratherapeutic dosing patient, “before” means the
latest laboratory test result before the first supratherapeutic dosing and
“after” means the first result within 14 days after the last supratherapeutic
dosing. For patients who did not receive supratherapeutic dosing, “before”
means the first laboratory test result and “after” means the last result of their
hospitalization.) To convert ALP to microkatals per liter, multiply by 0.0167.

Table 4. Changes in Liver Function Tests Between Patients Who Received Supratherapeutic Dosing
of Acetaminophen and Those Who Did Not

Type of Test

Supratherapeutic Dosing Nonsupratherapeutic Dosing

P ValueNo. Mean (SD) No. Mean (SD)

ALT, U/L 219 12.9 (87.3) 5634 �0.1 (139.3) .17
AST, U/L 216 6.7 (79.9) 5587 4.4 (470.4) .94
ALP, U/L 211 27.4 (73.5) 5455 5.2 (88.7) �.001
PT-INR 376 0.09 (0.45) 6822 0.04 (0.80) .25
Direct bilirubin, mg/dL 86 0.01 (0.74) 3246 0.02 (2.00) .95
Total bilirubin, mg/dL 210 �0.05 (0.38) 5458 0 (2.0) .74

Abbreviations: ALP, alkaline phosphatase; ALT, serum alanine transaminase; AST, aspartate transaminase; PT-INR, prothrombin time international normalized ratio.
SI conversion factors: To convert ALP, ALT, and AST to microkatals per liter, multiply by 0.0167; to convert bilirubin to micromoles per liter, multiply by 17.104.
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In line with a previous randomized controlled trial
that revealed that recurrent daily intake of 4 g of acet-
aminophen in healthy adults is associated with ALT
level elevation,8 our results showed that patients who
received supratherapeutic dosing were more likely to
have elevated levels of ALP. Our study was not
designed to pick up subtle differences in liver function
tests, and the available information in our database
prevented us from drawing any conclusion about the
causal relationship between acetaminophen and ALP
level elevation.

Our results revealed several risk factors for suprathera-
peutic acetaminophen dosing. It is notable that hospital A’s
patients experienced almost twice as many supratherapeu-
tic dosing events as hospital B’s patients despite that hos-
pital having the protective characteristics of more female
patients, fewer patients with osteoarthritis, fewer patients
in surgical units or ICUs, and greater use of single-
ingredient formulations. This suggests that recurring sched-
uled vs PRN administrations, the use of products that con-
tain more than 325 mg of acetaminophen per dose unit,
and the use of multiple products are stronger correlates of
supratherapeutic acetaminophen dosing. Unlike patient
characteristics, these factors are controllable by hospitals,
and, although not guaranteed, our results suggest that de-
creasing the frequencyof these risksviapolicychangescould
lead to decreased incidence of supratherapeutic acetamino-
phen dosing.

The use of a recurring scheduled dose (as opposed to
PRN or 1-time administrations) was identified to be a ma-
jor risk factor for supratherapeutic acetaminophen dos-
ing. In pain management, it is a common strategy to pro-
vide baseline pain coverage to avoid the peaks and troughs
of pain. Administering medications PRN has been found
to be less effective when treating acute or postoperative
pain.27 Using this strategy in the context of acetamino-
phen, however, may increase the risk of exceeding the
safe dosing threshold by as much as an order of magni-
tude. Indeed, a typical regimen for extra-strength acet-
aminophen—1 g scheduled every 6 hours—allows no
room for error in timing of acetaminophen administra-
tion. Therefore, a reassessment of long-accepted acet-
aminophen dosing regimens may be warranted, espe-
cially the scheduled use of products containing 500 mg
of acetaminophen.

Our results also showed that patients diagnosed as hav-
ing osteoarthritis tended to receive supratherapeutic dos-
ing. Acetaminophen is recommended as initial therapy
for many forms of osteoarthritis according to the Ameri-
can College of Rheumatology.3 Special attention should
be paid to this population.

It is a challenge for clinicians to keep track of the total
acetaminophen intake for each patient from the mul-
tiple drugs and doses given over a 24-hour period. Com-
puterized clinical decision support functionality embed-
ded within clinical information systems could mitigate
these risks. For example, liver toxicity warnings for ac-
etaminophen products, recommended by the FDA, could
be displayed at order entry and during administration.
However, to avoid alert fatigue, more judicious display
of alerts may be more effective. For example, alerting
nurses at administration time may be more effective than

alerting physicians during order entry. Even better would
be more specific alerts that fire only when the current
administration is about to exceed the daily dose limit.
Such decision support within eMAR is immature be-
cause it would require complicated time-based inferenc-
ing. Even the advanced barcode-assisted eMAR technol-
ogy implemented at both hospitals in this study does not
currently have such functionality. However, such deci-
sion support could have a profound impact on safe medi-
cation administration.

Our study has some limitations. While the record
of administrations in an electronic system is accurate
overall, there may be timing discrepancies between
when the nurse records an administration and when
the patient actually ingests the medicine, especially for
PRN medications; however, such differences are
unlikely to qualitatively affect our findings. Further-
more, not all patients had liver function tested, and
patients lacking these tests may differ from those who
had liver function testing performed, such as in their
comorbid conditions and reason for hospitalization.
There were also potential confounding factors that
were not measured, such as clinician characteristics
(eg, roles, responsibilities, different prescribing habits
of physicians, or administration practices of nurses),
and hospital-level factors (eg, patient volume). Finally,
we excluded patients who were younger than 12 years
because a weight-based calculation for the maximum
recommended dose of acetaminophen is more appro-
priate for the pediatric population.
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INVITED COMMENTARY

Using Health Information Technology
to Improve Health Care

Emphasizing Speed to Value

T he US health care system has been slow to change.
Thirteen years have passed since the seminal re-
port, “To Err is Human,” was published by the

Institute of Medicine,1 yet meaningful improvements in
quality have been agonizingly slow to come, and injury
and error remain commonplace.2 The cost of health care
continues to increase at a rate that exceeds the US gross
domestic product, as it has for over 40 years, squeezing
out investments in infrastructure, education, research and
development, and real gains in wages. Moreover, the

health care industry has lagged behind other industries
in improving operational performance and adopting tech-
nology-enabled process improvements to quality, safety,
and efficiency.

We are entering a new era in health care that will be
characterized by the widespread use of health informa-
tion technology (HIT). With passage of the Affordable
Care Act, the American Recovery and Reinvestment
Act, and the Health Information Technology for Eco-
nomic and Clinical Health Act, Congress created potent
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