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Summary

OBJECTIVE Adiponectin, which is secreted specifi-
cally by adipose tissue, has been shown to have an
anti-atherosclerotic effect and to Iimprove Insulin
resistance. The aim of this study was to determine the
correlations of plasma adiponectin concentration with
insutin reslstance and atherosclerosis.

DESIGN AND METHODS We investigated the relation-
ships of adiponectin concentration with Insulin sensi-
tivity, high-sensitivity C-reactive protein (hCRP) and
pulse wave velocity (PWV) in male Inhabitants of rural
communities in Japan. hCRP and PWV were used as
an indexes of atherosclerosls.

RESULTS A negative correlation was found between
homeostasls model assessment (HOMA) as an index
of insulin resistance and adiponectin concentration.
Results of stepwise regresslon analysis for adipo-
nectin showed that age, HOMA and serum triglyceride
{TG) were independently correlated with adiponectin.
Multiple regression analysis for lipld profile was also
performed and revealed that adiponectin and HOMA
were independently correlated with TG and serum high
density lipoprotein (HDL)-cholesterol but not with serum
total cholesterol. A significant negative correlation
was found between adiponectin and hCRP in all sub-
Jects, and a significant negative correlation between
adiponectin and PWV was also found in subjects equal
or less than 70 years old. When HOMA was added to
this analysis, HOMA was found to be independently
correlated with hCRP and PWV, but the adiponectin
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level did not appear to be a significant predictor of
hCRP or PWV,

CONCLUSIONS The results suggest that adiponectin
plays a role In lipid metabolism and correlates with
atherosclerosis either directly or through Insulin
resistance.

Several prospective epiderniological studies have éuggested that
there is an association between insulin resistance and/or hyper-
insulinaemia and subsequent cardiovascular disease and stroke
(Despres et al., 1996; Haffner, 1999). We have previously dem-
onstrated that insulin resistance and hyperinsulinaemia are
important risk factors for coronary artery disease (CAD), and
emphasize the severity of coronary atherosclerosis in patients
without impaired glucose tolerance but with hyperinsulinaemia
(Tsuchihashi er al., 1999). Recently, because of the epidemic of
overweight and sedentary lifestyle worldwide, the metabolic syn-
drome, a concurrence of disturbed metabolism, overweight and
abdominal fat distribution, mild dyslipidaemia and hypertension,
is becoming increasingly common. According to the National
Cholesterol Education Program { NECP) definition (Expert Panel
on Detection, Evaluation, and Treatment of High Blood Choles-
terol in Adults, 2001), roughly one-third of middle-aged men and
women in the United States have the metabolic syndrome (Ford
et al., 2002). Lakka ez al. (2002) have recently reported that men
with the metabolic syndrome as defined by the NCEP were
2-9-4-2 times more likely to die of coronary heart disease after
adjustment for conventional cardiovascular risk factors. The
pathogenesis of this syndrome is still unclear, although
environmental factors such as diet and physical activity interact
to produce the syndrome,

Adipose tissue not only serves as an energy storage organ
but also secretes hormones and metabolites that are thought to
regulate insulin sensitivity and energy metabolism (Kahn & Flier,
2000; Havel, 2002). Adiponectin, the most abundant adipose-
specific protein, is expressed exclusively in and secreted from
adipose tissue (Scherer ef al., 1995). Plasma adiponectin con-
centration is decreased in individuals with obesity (Arita er al.,
1999) and type 2 diabetes (Hotta ef al., 2000) and is more closely
related to whole-body insulin sensitivity than to adiposity (Weyer
et al., 2001). Conversely, body-weight reduction increases plasma
concentration of adiponectin (Yang et al., 2001). It has also been
reported that adiponectin-deficient mice develop diet-induced
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insulin resistance (Maeda et al,, 2002). Recent studies have dem-
onstrated that administration of adiponectin to rodents increased
insulin-induced tyrosine phosphorylation of the insulin receptor
in skeletal muscle, resulting in improved glucose tolerance
{Yamauchi et al., 2001). In a human study, it was found that
low adiponectin concentration at baseline preceded a decrease in
muscle tyrosine phosphorylation of the insulin receptor by insu-
lin (Youngren ez al., 1997). Adiponectin has also been proposed
to play an important role in the regulation of energy homeostasis
and lipid metabolism, High levels of serum triglyceride (TG)
and low levels of high density lipoprotein (HDL)-cholesterol
are associated with low plasma adiponectin concentrations in
nondiabetic female subjects (Matsubara ef al., 2002). Moreover,
recent studies have suggested that adiponectin has not only an
anti-inflammatory effect on the vascular wall (Okamoto et al,,
2000} but also an anti-atherosclerotic effect by direct actions
on endothelial cells (Quchi et al.,, 1599; Kubota et al., 2002).
Clinical studies have shown that adiponectin levels are lower in
individuals with CAD (Ouchi ef al., 1999). However, relationships
between adiponectin level and the development of atherosclero-
sis and metabolic disorders, including insulin resistance, are still
obscure.

Aortic stiffness increases with aging and arterial pressure ele-
vation and in patients with CAD (Boutouyrie ez al., 2002). Aortic
stiffness can now be assessed noninvasively by measurement of
pulse wave velocity (PWV), a simple and reproducible method
(Asmar et al., 1995). Recent longitudinal studies have demon-
strated that PWV is an independent predictor of all causes and
cardiovascular mortality in patients with end-stage renal disease
(Blacher er al., 1999) and in hypertensives (Laurent ez a/., 2001).
On the other hand, it is known that inflammation plays a role in
the development of atherosclerosis (Ross, 1999), High-sensitivity
C-reactive protein (hCRP), the blood level of which can now be
measured, has recently been examined as a possible marker of
atherosclerosis development (Ridker et al., 2000). Therefore,
to clarify the relationships between adiponectin level and the
development of atherosclerosis and insulin sensitivity, we have
performed an epidemiological study to determine the role of
adiponectin in the development of insulin resistance and athero-
sclerosis in inhabitants of rural communities in Japan.

Design and methods
Subjects

We have conducted an epidemiological study on cardiovascular
diseases in two rural communities in Hokkaido, the northern
island of Japan, A total of 383 male inhabitants, whose ages
ranged from 18 to 90 years (average age 65 years), were selected
randomly for the studies. Those who had fasting glucose levels
of > 7-8 mmol/l, who were on medication for diabetes or who

Table 1 Clinical and metabolic characteristics of subjects studied
(n=183)

Mean+ 8D  Minimum  Maximum

Apge (years) 65£11 18 88
BMI (kg/m®) 233434 161 328
SBP (mmHg) 13418 90 160
HOMA index 17413 021 9-8
TC {mmol/]) 486+ 072 313 7-44
TG (mmol/1) 1-39 £ 100 034 10-78
HDL-cholesterol {mmol/1} 129 £ 0-41 0-59 3-67
PWYV (cm/s) 1650 £ 375 882 3496
Adiponectin (jLg/ml) 68238 08 3141
CRP (mg/D 093 +122 004 50

had coronary heart or cerebral vascular disease were excluded
from the study. Informed consent was obtained from all partic-
tpants in the study. All subjects were examined in the morning
after fasting for at Jeast 10 h. After 15 min of rest in the sitting
position, blood pressure was measured with a sphygmomanometer.
The average of three consecutive measurements was calculated,
Body mass index (BMI) was calculated as weight in kilograms
divided by the square of the height in metres, The clinical char-
acteristics of the subjects studied are shown in Table 1.

Laboratory examinations

Serum total cholesterol (TC), serum TG, serum HDL-cholesterol,
fasting blood glucose level and serursi insulin level were meas-
ured in all subjects. Blood glucose was measured by the glucose
oxidase method, and serum insulin level was measured by a
radioimmunoassay (RIA) using insulin RIA beads (Dinabot,
Tokyo, Japan). Insulin resistance was estimated from fasting
plasma insulin and glucose using the homeostasis model assess-
ment (HOMA), a computer-based model of glucese/insulin
interactions, and the estimation was validated by comparison
with results obtained using the hyperinsulinaemic—euglycaemic
clamp technique (Matthews et al., 1985), Adiponectin and hCRP
levels were measured using an enzyme-linked immunosorbent
assay (ELISA) method (Otsuka Pharmaceuticals, Tokushima,
Japan).

Fulse wave velocity (PWV)

Aortic stiffness was assessed in all subjects by measuring
brachial-ankle PWV, using a volume plethysmographic instrument
(PWV/ABI; Colin Co., Ltd., Komaki, Japan), which records
PWYV, blood pressure, electrocardiogram and heart sounds simul-
taneously (Suzuki et al,, 2001). Each subject was examined in
the supine position, with electrocardiogram electrodes placed on
both wrists, a microphone for detecting heart sounds placed on

© 2004 Blackwell Publishing Ltd, Clinical Endocrinclogy, 61, 753—759
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the left edge of the sternum, and cuffs wrapped around both bra-
chia and ankles. The pulse volume waveforms were recorded
using a semiconductor pressure sensor. Data on volume wave-
forms for the brachivm and ankle were stored, and the sampling
time was 10 s with automatic gain analysis and quality adjust-
ment. Subjects who showed an ankle-brachial pressure index
(API) of less than 0-9 were excluded from the study.

Statistical analyses

The STATVIEW package (version 5-0) was used for statistical
analysis. All numerical values were expressed as means + standard
deviations. Analyses were performed on the natural logarithm of
HOMA, adiponectin, serum TG and hCRP to reduce the positive
skew in the distribution, A P-value less than 0-05 was considered
to be statistically significant.

Results
Insulin resistance and fipid profile

Table 1 shows the characteristics of the subjects. Table 2 shows
correlations between log adiponectin and other variables. Significant
negative correlations between log adiponectin and BMI (r =
—0-35, P < 0-001) and between log adiponectin and log HOMA
(r=~050, P <0-001) were found in all subjects. Significant
correlations were also found between log adiponectin and TC
(r=-010, P <0-05), log TG (r =-0-36, P < 0-001) and HDL-
cholesterol (r =027, P <0-001). Age, log HOMA and log TG
were independently correlated with log adiponectin and BMI,
systolic blood pressure (SBP), TC and HDL-cholesterol were ex-
cluded by stepwise regression analysis for log adiponectin (Table 3).
Multiple regression analysis for lipid profile was also performed;
log adiponectin and log HOMA were found to be independently
correlated with log TG and HDL but not with TC (Table 4).

Atherosclerosis

There was a significant positive correlation between log hCRP
and log HOMA (r=015, P<0-01; Fig. 1). loghCRP also

Table 2 Correlation between log adiponectin and other variables

Variable r P
Body mass index -0-35 <0001
log HOMA -0-50 <Q-001
Total-cholesterol =010 <005
HDL-cholesterol 027 <0001
log triglyceride -0-36 <0001
Age 032 <0-001
Mean blood pressure -0-01 097
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Table 3 Stepwise regression analyses for log adiponectin

Variable B SE P

Age 0-26 1151 < {-0001
log HOMA —043 0-036 < 0-0001
log TG -0:15 0-046 <0-01
BMI ~0-05 0-003 0-26
SBP ¢-06 0-001 0-19
TC 004 00001 040
HDL-cholesterol 0-01 0-001 013

Table 4 Multiple regression analyses for TC, TG and HDL-cholesterol

Variable B SE P
TC log adiponectin -89 76 024
log HOMA 65 55 0-24
log TG log adipenectin -02 0-1 <0-001
log HOMA 02 0-04 <0001
HDL-cholesterol log adiponectin 88 38 <005
log HOMA -14:9 28 < 0001

-0.8 -04 0 04 08 1.2
log HOMA

Flg. 1 Cotrelations between hCRP and HOMA.

showed a significant positive correlation with age and a signifi-
cant negative correlation with log adiponectin (data not
shown). Multiple regression analyses for log hCRP revealed that
log adiponectin and age were independently correlated with
log hCRE. When log HOMA was added to this analysis, log HOMA
was found to be independently correlated with log hCRP, but
log adiponectin did not appear to be a significant predictor of
log hCRP (B =—0-24, P =0-06; Table 5). On the other hand, not
only PWV but also log adiponectin showed strong positive cor-
relations with age (Fig. 2), but there was no correlation between
PWYV and log adiponectin in all subjects (data not shown). As
aging itself generally facilitates atherosclerosis of vessels, we
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Table 8 Multiple regression analyses for log hCRP

Variable B SE P

log adiponectin -0-38 0-11 <001
Age 0-012 0-002 <001
log adiponectin =024 0125 006
Age 0012 0-002 <0-01
log HOMA. 022 0-086 <0-05

Table 6 Multiple regression analyses for PWV in the group aged
70 years or less (n=254)

Variable B SE P

log adiponectin -163-4 781 <005
Age 14-7 1-64 <001
log adiponectin -103-0 867 021
Age 14-8 1-64 <001
log HOMA 101-6 622 <005

performned multiple regression analysis using data obtained only
from subjects equal to or less than 70 years old. The results of
multiple regression analysis indicated that log adiponectin and
age were independently correlated with PWV, When log HOMA,
was added to this analysis, log HOMA was found to be inde-
pendently correlated with PWV, but log adiponectin level did not
appear to be correlated with PWV significantly (3=-103.0,
P =021, Table 6).

Discussion

Adiponectin is an adipocyte-secteted protein of 247 amino acids
that exists abundantly in plasma at concentrations ranging from
5t0 30 mg/I(Arita ef al., 1999). Several recent studies have sug-
gested that adiponectin plays 2 role in modulation of glucose
metabolism and insulin sensitivity (Hotta et af., 2000; Berg et al.,
2001). In the present study, we found that adiponectin level was

10 20 30 40 S0 60 70 80 90

Age

Fig. 2 Correlations between adiponectin, PWV and
age.

correlated negatively with BMI or HOMA, and the resulis of
stepwise regression analysis showed that age and HOMA were
independently correlated with adiponectin level. Consistent with
the results of the above-mentioned previous studies, adiponectin
level was found to be strongly related to insulin resistance with-
out influence of obesity. Recent studies have demonstrated
that administration of adiponectin to rodents increases insulin-
induced tyrosine phosphorylation of the insulin receptor in
skeletal muscle. Yarmauchi ez al. (2001) reported that adiponectin-
treated KK Ay mice showed increased expression of enzymes
involved in [B-oxidation and uncoupling protein (UCP) 2 in
skeletal muscle. In addition, in mice treated with adiponectin,
acyl coenzyme A oxidase (ACQ) activities and free fatty acid
(FFA) combustion were increased in skeletal muscle, leading
to a decrease in tissue triglyceride content, in association with
decreased serum FFA and TG levels. Increased tissue TG content
has been reported to interfere with insulin-stimulated activation
of phosphatidylinositol-3-kinase and subsequent translocation
of glucose-transporter protein 4 (GLUT4) and uptake of glucose,
teading to insulin resistance (Shulman, 2000). Thus, a decrease
in TG content in skeletal muscle might contribute to improve-
ment in insulin signal transduction. We previously reported
(Furuhashi et al., 2002) that fructose-fed rats, an insulin-resistant
hypertensive model, showed increased intramuscular triglyceride
levels compared with those in control rats and that TG level in
the muscle of fructose-fed rats was negatively correlated with
insulin sensitivity, The results of multiple regression analysis
for lipid profile carried out in the present study showed that
adiponectin level and HOMA were independently correlated
with TG and HDL-cholesterol but not with TC, This means that
adiponectin level is not only correlated with insulin sensitivity
but also directly affects lipid metabolism. Hotta et al. (2000)
reported that a significant negative correlation between adiponec-
tin and serum TG levels and a positive correlation between
adiponectin and serum HDL levels were found in patients with
type 2 diabetes mellitus. The results of the present study extend
this finding to nondiabetic male subjects and suggest that
adiponectin plays an important role in regulation of lipid
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metabolism, which in part is independent of improvement in
insulin sensitivity.

On the other hand, hypoadiponectinaemia is associated
strongly with the incidence of CAD. Hotta et al. (2000) analysed
the plasma adiponectin concentrations in age- and-BMI matched
nondiabetic and type 2 diabetic subjects with and without CAD.
The plasma adiponectin concentrations in diabetic patients with
CAD were found to be lower than those in diabetic patients
without CAD, and they suggested that the decreased plasma adi-
ponectin concentrations in diabetes patients might be an indicator
of macroangiopathy. Quchi ef el. (2003) reported that adipose tis-
sue expresses CRP and found a reciprocal association between
CRP and adiponectin in blood and adipose tissue. It is well known
that plasma hCRP levels are positively associated with total body
fat mass, and that body weight loss reduces plasma hCRP levels.
In the present study, we also found that adiponectin level was
negatively correlated with BMI and positively correlated with
age. There was no correlation between age and BMI in our study.
Although the reason why adiponectin positively correlates with
age is unclear; it has been reported that adiponectin is negatively
regulated by androgen (Nishizawa ef al., 2002), and it is therefore
possible that androgen level decreases and adiponectin level
increases with aging. Adiponectin level was also negatively
correlated with hCRP as a possible marker of atherosclerosis.
Multiple regression analyses for hCRP revealed that adiponectin
level was independently correlated with hCRP after adjustment
with BMJ, but adiponectin level did not appear to be a significantly
correlated with hCRP when HOMA was added to this analysis.
On the other hand, because PWV is strongly correlated with age,
we tried excluding older people who are thought more likely to
have atherosclerosis. Multiple regression analysis revealed that
adiponectin level was independently correlated with PWV in
subjects less than 70 years old. In order to evaluate different age
groups, we also divided subjects into three groups —less than
65 years, from 65 to 70 years and over 70 years — and evaluated
correlation between adiponectin and PWV, The results for the
groups less than 65 years and from 65 to 70 years were no dif-
ferent from subjects aged 70 years or less, so the age of 70 as
the dividing point to evaluate the correlation between adiponectin
and PWV is adequate in the community. However, adiponectin
also appeared not to correlate significantly with PWV when
HOMA was added to this analysis; HOMA was still independ-
ently correlated with hCRP and PWV. These results are compatible
with adipenectin having an antiatherogenic effect and modulat-
ing insulin sensitivity (Okamoto et al., 2003). To the best of our

- knowledge, this is the first report of adiponectin level being
negatively correlated with atherosclerosis indexes such as hCRP
or PWV in nondiabetic subjects. In tissue-cultured cell experiments,
adiponectin suppressed tumour necrosis factor-ot (TNF-o)-induced
mRNA expressions of several adhesion molecules, including
vascular cell adhesion molecule-1, intracellular adhesion molecule-
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1 and E-selectin, in vascular endothelial cells and suppressed
monocyte attachment to endothelial cells (Ouchi et al., 2000).
Kubota et al. (2002) generated adiponectin-deficient mice and
carried out experiments to determine whether adiponectin has
direct protective effects on atherosclerosis in vive. These studies
suggested that adiponectin has both anti-inflammatory and anti-
atherosclerotic effects. Taking these findings into consideration,
hypoadipenectinaemia may be involved in the pathophysiology
of atherosclerosis both directly and through aggravation in
insulin resistance.

In contrast with many other adipocyte-derived hormones, such
as leptin, TNF-o,, FFA and plasminogen activator inhibitor 1,
plasma adiponectin levels were found to be reduced in cbese
animals and humans. However, the mechanism by which adi-
ponectin production is regulated has not been elucidated. p-

- Adrenergic agonists (Fasshauer et al., 2001), TNF-c (Kappes &

Loffler, 2000) and glucocorticoids (Fasshaver ef al., 2002) have
been reported to inhibit gene expression and secretion of adi-
ponectin. As mentioned earlier, Nishizawa ez al. (2002) reported
that plasma concentrations of adiponectin are lower in men than
in women and that androgens decrease plasma adiponectin levels.
It is well known that androgen levels decrease with aging in
males, This might be one of the mechanisms by which adiponec-
tin is positively correlated with age in male subjects, as was found
in the present study.

This study was undertaken to determine the validity of the
hypothesis that adiponectin is involved in lipid metabolism and
atherosclerosis, independent of insulin resistance. Our results
provide evidence that hypoadiponectinaemia might be one of the
independent risk factors for atherosclerosis. Our results also
suggest that adiponectin is one of the underlying factors in the
metabolic syndrome, a concurrence of disturbed metabolism,
overweight and abdominal fat distribution, mild dyslipidaemia
and hypertension, which plays a key role connecting insulin
resistance and lipid disorder with atherosclerosis. Further studies
are needed to clarify this possibility.

In summary, adiponectin may correlate with atherosclerosis
either directly or indirectly through improvement of insulin
resistance, Although its regulatory mechanism has not been
clarified, further examination of this new ‘adipocytokine’ may
provide further insights into the relationship between atheroscle-
rosis and insulin resistance.
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ERROR MANAGEMENT

Adverse drug events and medication errors: defection and

classification methods

T Morimoto, T K Gandhi, A C Seger, T C Hsieh, D W Bates
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Investigating the incidence, fype, and preventability of
adverse drug events (ADEs} and medication errors is
crucial to improving the quality of health care defivery.
ADEs, potentiol ADEs, and medication errors can be
collected by exiraction from practice data, solicitation of
incidents from health professionals, and patient surveys.
Practice data include charts, laboratory, prescription data,
and administrative databases, and can be reviewed
manually or screened by computer systems fo identify .
signals. Research nurses, pharmacists, or research
assistants review these signals, and those that are likely to
represent an ADE or medication error are presented to
reviewers who independently categorize them into ADEs,
potential ADEs, medication errors, or exclusions. These
incidents are also classified according to preventability,
ameliorability, disability, severity, stage, and responsible
person. These classifications, as well as the initial selection
of incidents, have been evaluated for agreement between
reviewers and the level of agreement found ranged from
safisfactory fo excellent {x = 0.32-0.98). The method of
ADE and medication error detection and classification
described is feasible and has good reliability. It can be
used in various clinical settings to measure and improve
medication safely.

edications are the most frequent cause of
Madvcrse events, and such injuries are

called adverse drug events (ADEs).'?
ADEs are common in most clinical settings
including adult inpatients with a reporied
incidence of 6.5%, adult outpatients with an
incidence of 27.4%, and pediatric inpatients
with a reported incidence of 2.3%.° These ADEs

Sea end of arficle for have substantial consequences including hospital
authors’ offilictions admissions, prolonged hospital stay, additional
----------------------- resource utilization, and tme away from work,
Correspo . as well as lower patient sansfaction.*”

Professor g%ﬂvmag?,}, Some ADEs are caused by errors called medica-
Division of Generol tion errors? Medication errors are much more
md ﬁ"gr’i ;h'fm frequent than ADEs but only a small minarity
ond Women's Hospital, actually ¢ause ADEs.* In one inpatient study the
1620 Tremont Streef, frequency of medication erors was 5.3 per 100

Baston, MA 02120-1613,

medication orders, much higher than the ADE rate
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of 0.25 per 100 orders.? Another recent report from

Accepted for publication 36 hospitals which evaluated the administration
22 May 2004 stage in particular showed that 19% of medication
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The goal of research in ADEs and medication
errors is to reduce the likelihood of harm related
to medications. To do this it is essential to be able
1o describe the epidemiology of these problems,
Building on previous work, we have developed
over the last decade 2 methodology for identify-
ing and dassifying medication safety issues
which we present here so that others may use
these methods to investigate ADEs and medica-
tion errors in thelr own settings. We aiso describe
the sirengths and limitations of this approach,
including assessment of reliability.”

The methodology includes:

® definitions of incidents (ADBs, medication
errors, and other drug related terms);

® peneral processes for identifying them;

® case identification methods (practice data
review, self-reports from health professionals,
and patient surveys);

¢ comparison of methods;
methods for classifying incidents; and
® toals for validating the findings.

METHODOLOGICAL APPROACH
Definition of incidents

An incident includes any irregularity in the
process of medication use. It might represent
an ADE, poiential ADE, medication error, or
none of these—it {5 essentlally a “catch all” term
for what to call something before it has been
classified. An incident can occur at any point in
the medication use process (ordering, transcrib-
ing, dispensing, administrating, and monitor-
ing). There are several ways to categorize
Incidents: actual (ADEs) ¥ potential; preventable
v non-preventable; ameliorable v non-amelior-
able; and errer v non-error. These categories may
overlap and it is important to understand their
relationship with each other (fig 1).

A medication error can occur at any step of the
medication use process. Some ADEs are asso-
clated with medication errors and all potential
ADEs are medication errors (fig 1). Minor errors
that have little or no potential for harm are not
considered potential ADEs—for example, 2 dose
of non-critical medication such as docusate is
given several hours late—but are considered to
be medication errors. If the incldent has the
potential to harm a patient--for example, a dose
of aitical medication’ such as an inmavenous
antibiotic is not given-—it {5 considered both a
medication error and a potential ADE.

A potential ADE is a medication error with the
potential to cause an injury but which does not
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Figwre T Relationship between adverse drug events [ADEs), potential
ADEs, and madication errors, 9

actually cause any injury, either because of specific ctrcum-
stances, chance, or because the error is intercepted and
corrected—for example, an order is written for an overdose of
medication but the error Is intercepted by the pharmacist.

An ADE is an injury due o a medication—for example,
cough due to anglotensin converting enzyme (ACE) inhibi-
tors is considered an ADE. ADEs may or may not result from
medication errors—for cxample, cough due to an ACE
inhibitor in a patient without a history of ACE inhibitor
induced cough is not the result of a medication error, while a
medication error has occurred if the patient has a prior
history of ACE inhibitor induced cough.

A preventable ADE is an injury that is the result of an error
at any stage in the medication use-—for example, a coma due
to an overdose of a sedative. A non-preventable ADE is an
injury due to a medication where there is no error in the
medication process—for example, an allergic reaction in a
patient not previously known to be altergic to the medication.
These are also known as adverse drug reactions, or non-
preventable reactions due to side effects or allergic reactions.
An ameliorable ADE is an injury of which the severity or
duration could have been substantially reduced if different
actions had been taken—for example, sexual dysfunction
lasting for several months while taking a selective serotonin
reuptake inhibitor. A non-ameliorable ADE is an injury in
which there is no current reasonable way to reduce the
severity or duration—for example, bradycardia after the first
usual dose of § blocker.

General process for identifying incidents

Our group has used three methods to collect incidents: (1)
collecting practice data, (2) soliciting any incidents from
health professionals, and (3) surveying patients for drug
related events {fig 2). Other methods such as direct obser-
vation have also been used and this approach in particular is
highly effective for detecting administration errors.® Practice
data sources include charts, laboratory, and presctiption data,
as well as administrative data.

In the inpatient setting, the Institute for Healthcare Impro-
vement has suggested that the following sections require
particular attention: discharge summary (may include ADEs),
procedure notes (narrative sections for ADEs), physidan pro-
gress notes (changes in plan of care related to effects of medi-
cations), laboratory reports {pertinemt laboratery resulis),
physician orders (pertinent medications), and nursing/mulri-
disciplinary progress notes (symptoms related o ADEs)."
These data sources may be used individually or in combination
to identify possible incidents. Trained research pharmacists,
nurses, assistants, or physicians as well as pharmacy extems
and medical students can usually do the review of charts,
laboratory, and prescription data manually. This review can
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also be automated using rule sets to extract data from
clectronic medical records (EMR) or computerized physician
order entry (CPOE) in order to target possible incidents more
efficlently.”

Screening of administrative data is usually based on ICD-9
coding associated with ADEs and medication errors such as
poisoning or wrticaria, although it can also include drug and
laboratory data if available. This screening is usually com-
puterized. The Agency for Healthcare Research and Quality
{AHRQ) has developed patient safety indicators which are
based on administrative data and use ICD-9 coding.” Al}
patient safety indicators are assodated with injuries from
medical care, but not always with ADEs and medication
errors. For example, the indicators include jatrogenic pneu-
mothorax which is not related to ADEs or medication errors.
On the other hand, complications of anesthesia include an
overdose of anesthetic medications which is a medication
error. Because the indicators and the calculation programs on
the cornrercial statistical packages for administrative data
are publicly provided, they can be used as 2 tool for screening.
Cverall, however, the positive predictive value of JICD-9 codes
for ADEs is very Jow (about 2%) and is much lower for
medication errors.”

Regardless of the method of identification, incidents are
then generally presented to two independent reviewers who
independently categotize them into ADEs, potential ADEs,
medication errors, or exclusions. At the same time the
reviewers classify the inddents according to a variety of
parameters such as preventability and severity.

Case identification

Data review

In reviewing charts, laboratories, and prescription data, the
reviewing process will differ somewhat between facilities
with an EMR or CPOE system and those without them. At
sites without an EMR or CPOE system the research nurses,
pharmacists, or research assistants review charts, laboratory
results, and prescriptions and identify any possible incident
during the study period. Prescription data can be collected by
screening carbon copies of prescriptions.

With an EMR or CPOE system reviewers can also review all
the documents and data on the computer, but automatic
exrraction using computer programs and text searching or
natural language processing can detect any keywords such as
“allergy” or “falls”, specific laboratory values such as
potassium levels of 6.5 mEqA, or drug names such as an
angiotensin 1! receptor blocker." These concepts can be
tinked to form rules—for example, heparin and low herna-
tocrit. A positive yleld froim a rule is called a trigger. The use
of triggers is much more practical and less labor intensive
than conventional chart reviewing because the triggers can be
autornated by computer and the reviewer's search is much
mare focused. Gurwitz and colleagues™ used computer based
triggers and other means to find 1523 ADEs from 27 617
patients; the computer based triggers found 66% of ADEs.
Triggers can also be used to monitor for ADEs and medication
errors in daily practice once their discrimination ability is
¢stablished.” Specific drugs, combinations of drugs, symp-
toms, ICD-9 related diagnoses, and laboratory results can
all be used as triggers. These triggers from an EMR or CPOE
ate then reviewed by the research nurses, pharmacists, or
research assistants and assessed as incidents or not. Written
text or other information in the chart can be used in this
evaluation. Honigman and colleagues™ transformed EMR
data such as physician progress notes or laboratory resuls 1o
text data and cleaned them for spelling, syntax, abbreviation,
and inconsistency. The text data were then screened for
possible incidents using a computer program,
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Charts Self-reports from ¢
Laboratories health Sun:ey ¢
Prescriptions professionals potients

L Research nurses/pharmacists/assistants
Excluded Independent review
I ADEs, potential ADEs, medication errors, exclusions
{Classificotion (Figure 3)}
i gure 3
Preventable Amelioratle -
Non-preventable Mon-omeliorable Disability
Severity Stoge Responsitle person(s)
Fotal Qrdering Physicians
Life threatening Transcribing Pharmacists
Serious Dispensing Nurses
Significant Administrating Patients
Menitaring Others

Figure 2 General process for finding adverse drug events [ADE:), potential ADEs, end madication errors. *Computarizad or not,

When reviewing practice data the general rule to determine
if an incident is related to a medication is to look for any
irregularity in the patient’s condition such as change In
mental status, sudden drop in blood pressure, sudden drop in
oxygen saturation, new rash, or new diarthea, and then to
consider whether it might be related to a medication (table 1).
If a likely refationship is present and these symptoms cannot
be accounted for by underlying diseases or other plausible
reasons, they are considered incidents. Certain actions among
health professicnals can be clues in identifying the inci-
dents—for example, changes or clarification to a physician’s
order, time changes on the medication administration record,
outdated narcotic orders, late administration of drugs, order
for Clostridium difficile voxin test or culture, and new allergy
listed in the medication record (table 1). Many specific
diagnoses associated with ADEs and medication errors can
also be reviewed to identify incidents. The diagnoses are
usually defined by 1CD-9 codes, and extraction of the ICD-9
codes is usually done from administrative data (table 2}

Medication prescribing can also be evaluated to identify
incidents. Presaribing certain drugs implies the occurrence of
an incident (table 3)—for example, when diphenhydramine
is given it {5 often to treat a reacton to another medication.
Combinations of drugs should also be evalwtated for incidents
induding drug-drug interactions that are frequently
observed in practice (table 4).

Combinations of drugs and other factors also provide
important clues for incidents {tables 5 and 6). The symptoms
or diagnoses may or may not have a previously demonstrated
association with the listed drugs. If plausible reasons other
than medicarion use appear to have caused symptoms or
diagnoses, they would be considered as events independent
of drugs and are excluded. Otherwise, they are considered

incidenits, Some combinations of drugs and miscellaneous
factors are also considered (table 7). For example, women of
childbearing age, elderly persons, patients on dialysis, and
pregnant wemen should not take certain specific drugs.
Acetaminophen (paracematol) {s a frequently prescribed
analgesic both alone and in combination with other
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medication errors and not to reprimand the responsible
individuals. A non.punitive cultare is important to maximize
data capture at the study sites.

Patient surveys

Because incidents may not be recorded in a patient’s medi-
cal record, particularly in the outpatient setting, survey
methods to elicit these types of incidents from patients

analgesics. Because patients can receive multiple forms of
this agent resulting in an excessive daily dose, the cumulative
dose should be assessed for possible excessive dosing.
Patients who ingest non-steroidal anti-inflammatory drugs
{NSAIDs} or selective cyclooxygenase (COX II} inhibitors
may develop gastrointestinal problems, and those patients
who undergo oesophagogastroduedenoscopy often have
these problems because of these drugs.

Laboratory triggers are useful for detecting incidents,
especially when the review process is assisted by computer-
ized rules." Some abnormal laboratory values themselves,
even when there are no symptoms, are considered possible
incidents because of the likelthood they have been caused by
a medication. In the reviewing process all cases of hepato-
toxicity (raised iransaminase or bilirubin) and renal dysfunc-
tion (raised creatinine or BUN) that cannot be associated
with another clinical issue and are associated with medica-
tion use are generally considered as incidents, In addition,
some specific abnormal laboratories or inappropriate mon-
itoring of medications are incorporated into the computerized
ruies to detect incidents (table 8).

Reports

There are two main types of self-report from health
professionals: those from physicians, murses, pharmacists,
or other health professionals who become aware of any ADE,
potential ADE, or medication error {sometimes called an
“incident report”), and those generated by research assis-
lants, nurses, or patient safety officers who visit wards or
clinics to solicit any possible incldent and record it.* The
process of using self-reports from health professionals is
especially useful for identification of incidents in inpatient
settings.® Investigation of jatrogenic disorders such as ADEs
and medication errors always provokes concerns about
liability among health professionals and such concerns may
inhibit the seif-report.” It is thus important to educate health
professionals about the purpose of the study. which is to
clarify the treatable factors associated with ADEs and
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