N

N

Patients with diabetes are at high risk of serious
medication errors at hospital: Interest of clinical
pharmacist intervention to improve healthcare
Cyril Breuker, Océane Abraham, Laura Di Trapanie, Thibault Mura, Valérie
Macioce, Catherine Boegner, Anne Jalabert, Maxime Villiet, Audrey

Castet-Nicolas, Antoine Avignon, et al.

» To cite this version:

Cyril Breuker, Océane Abraham, Laura Di Trapanie, Thibault Mura, Valérie Macioce, et al.. Patients
with diabetes are at high risk of serious medication errors at hospital: Interest of clinical pharmacist
intervention to improve healthcare. European Journal of Internal Medicine, 2017, 38, pp.38 - 45.
10.1016/j.€jim.2016.12.003 . hal-01793426

HAL Id: hal-01793426
https://hal.science/hal-01793426
Submitted on 13 Dec 2019

HAL is a multi-disciplinary open access L’archive ouverte pluridisciplinaire HAL, est
archive for the deposit and dissemination of sci- destinée au dépot et a la diffusion de documents
entific research documents, whether they are pub- scientifiques de niveau recherche, publiés ou non,
lished or not. The documents may come from émanant des établissements d’enseignement et de
teaching and research institutions in France or recherche francais ou étrangers, des laboratoires
abroad, or from public or private research centers. publics ou privés.


https://hal.science/hal-01793426
https://hal.archives-ouvertes.fr

Patients with diabetes are at high risk of serious medication errors at hospital: Interest
of clinical pharmacist intervention to improve healthcare

Cyril Breuker *>*, Océane Abraham ?, Laura di Trapanie ¢, Thibault Mura €, Valérie Macioce ¢,
Catherine Boegner ¢, Anne Jalabert ¢, Maxime Villiet ?, Audrey Castet-Nicolas ?,
Antoine Avignon "¢, Ariane Sultan ¢

2 Clinical Pharmacy Department, University Hospital, 191 Avenue du Doyen Gaston Giraud, 34295 Montpellier, France

5 PhyMedExp, University of Montpellier, INSERM U1046, CNRS UMR 9214, 371 Avenue du Doyen G. Giraud, 34295 Montpellier, France

¢ Clinical Research and Epidemiology Unit, University Hospital, 39 Avenue Charles Flahault, 34295 Montpellier, France

4 Endocrinology-Diabetology-Nutrition Department, University Hospital, 191 Avenue du Doyen Gaston Giraud, 34295 Montpellier, France

ABSTRACT

Background: Medication errors (ME) are major public health issues in hospitals because of their consequences on
patients' morbi-mortality. This study aims to evaluate the prevalence of ME at admission and discharge of hospi-
talization in diabetic and non-diabetic patients, and determine their potential clinical impact.
Method: This prospective observational study was conducted at the Endocrinology-Diabetology-Nutrition
Department. All adult patients admitted were eligible. A total of 904 patients were included, of which 671
(74.2%) with diabetes mellitus. Clinical pharmacists conducted medication reconciliation: they collected the
Medication reconciliation Best .Pos§ible .Medicatiqn History and then compared it with admission a.nd dischgrgg prescriptions to identify
Medication errors medication discrepancies. ME were defined as unintended medication discrepancies if corrected by the physi-
Diabetes mellitus cian.
Pharmaceutical care Results: Clinical pharmacists allowed correcting ME in 176/904 (19.5%) patients at admission and in 86/865
Safety (9.9%) patients at discharge. More than half of ME were omissions. Diabetic patients were more affected by ME
than non-diabetic patients, both at admission (22.1% vs 12.0%, p < 0.001) and at discharge (11.4% vs 5.7%, p =
0.01). The diabetic group also had more potentially severe and very severe ME. Diabetic patients had on average
twice more medications than non-diabetic patients (8.7 & 4.5 vs 44 4 3.4, p < 0.001). The polypharmacy asso-
ciated with diabetes, but not diabetes mellitus itself, was identified as a risk factor of ME.
Conclusions: The intervention of clinical pharmacists allowed correcting 378 ME in 25.8% of the cohort before they
caused harm. Clinicians, pharmacists and other health care providers should therefore work together to improve
patients' safety, in particular in high-risk patients such as diabetic patients.

Keywords:

1. Introduction related to professional practice, health care products, procedures, and

systems, including prescribing, order communication, product labeling,

Medication errors (ME) and adverse drug events (ADE) are major
public health issues in hospitals because of their consequences on pa-
tients' morbi-mortality and economic costs [1]. In 2000, a report of the
Institute of Medicine indicated that from 44,000 to 98,000 deaths
occur each year secondary to medical errors [2]. The most common
type of error is ME, responsible for 7000 deaths per year. ME is defined
as “any preventable event that may cause or lead to inappropriate med-
ication use or patient harm while the medication is in the control of the
health care professional, patient, or consumer”. Such events may be
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packaging, nomenclature, compounding and dispensing. ADE is defined
as “any undesirable experience associated with the use of a medical
product in a patient” [3] and includes harm caused by the drug (adverse
drug reactions and overdoses) or due to drug use (including dose reduc-
tions and discontinuations of drug therapy). ADE may result from ME.
Patients with chronic diseases and comorbidities are at high risk of
ADE and ME [4]. Therefore, diabetic patients with their numerous co-
morbidities associated with polypharmacy with narrow therapeutic
index are at risk of safety issues and could be severely affected by ME
[5]. However, studies focusing on diabetic patients mainly evaluated
the risk of diabetes therapies, such as insulin or oral hypoglycemic
agents, but not the overall patient care [6]. Indeed, in addition to diabe-
tes treatment, diabetic patients have other treatments such as cardio-
vascular medicines also at risk of medication errors [7]. Efforts should



therefore focus on such high-risk populations [8-10]. Since 2003, the
American Diabetes Association (ADA) has included pharmacists in the
list of diabetes care team members [4]. Indeed, the intervention of clin-
ical pharmacists has been associated with improved control of major
cardiovascular risk factors in diabetes patients (blood pressure, LDL cho-
lesterol and body mass index) [11]. Further, the clinical pharmacist can
also set up a medication reconciliation process, associated with de-
creased risk of ME. Medication reconciliation is the process that com-
pares a patient's medication order to all medications that the patient
has been taking and should take at admission, transfer and discharge
of hospitalization. Medication reconciliation can identify and resolve
ME and therefore contributes to the safety of medication management
during patients' healthcare circuit. Studies of medication reconciliation
have mainly been carried out in emergency departments or during hos-
pital admission only [12]. To our knowledge, few studies [13] have fo-
cused on medical unit and at the two main points of care transition
that are admission and discharge and no study was carried out in an en-
docrinology unit according to diabetes status.

Consequently, the aim of our study was to evaluate the prevalence of
ME according to diabetic status, determine the potential clinical impact
of ME and investigate the impact of clinical pharmacists' intervention on
medication errors prevalence.

Admission N=904
o diabetic group n=671
e hon diabetic group n=233

2. Methods
2.1. Context

We conducted this prospective observational study over a 1.5-year
period from November 2013 to May 2015 in the Endocrinology,
Diabetology and Nutrition Department of the University Hospital of
Montpellier - France. All patients aged above 18 years old admitted to
the department during the study period and hospitalized for at least
24 h were eligible for inclusion. The population was then divided into
two groups according to diabetic status.

2.2. Intervention

At admission, pharmaceutics' team, including a senior pharmacist, one
resident and two pharmacy students, conducted medication reconcilia-
tion process within 24 h of admission or on the first working day following
admission for admissions during week-ends. The medication reconcilia-
tion process was conducted according to a validated protocol summarized
in Fig. 1 [13]. The first step consists of getting the Best Possible Medication
History (BPMH), defined as the most comprehensive list of all medications

Discharge N=904
o diabetic group n=638
e non diabetic group n=227
e excluded n=39
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Fig. 1. Principle of medication reconciliation.




taken by the patient including prescription medication and over the coun-
ter medication. Information on drug therapy (name, dosage, dosage
forms, frequency of administration) was retrieved through: 1) a detailed
and structured patient interview (or family interview if the patient was
not able to answer); 2) reading medication orders and listing medication
containers brought by the patient; 3) phone contact with community
pharmacies, physicians and/or nurse; 4) reading previous hospitalizations'
reports. The BPMH has to be based on at least 2 sources of information.
The second step consists of comparing the BPMH with admission or dis-
charge prescription made by the physician in charge. Any medication dif-
ference between BPMH and hospitalization prescription were considered
to be a medication discrepancy. A discrepancy could include an omission,
an added medication, a modification in dosage or frequency or route of ad-
ministration. The third step consists of characterizing, solving and
documenting discrepancies. Pharmacists and physicians discussed and
classified each discrepancy as an intended (IMD) or unintended medica-
tion discrepancy (UMD). An IMD was considered to be a voluntary change
in the management of patient medication load following hospital care. On
the contrary, an UMD was considered to be involuntary and the physician
could choose whether or not to make the appropriate changes on his
medication prescription. An UMD corrected by the physician was consid-
ered to be a ME. The same procedure was followed at the discharge of pa-
tients before their departure. At discharge, the BPMH performed from the
BPMH at admission and including all medication modifications made dur-
ing the hospitalization stay was compared to the discharge prescription
form. If the patient was discharged on a weekend, reconciliation was not
performed and only the reconciliation at admission was analyzed.

2.3. Study of the intervention

Each medication discrepancy and ME highlighted by pharmaceutical
team were collected.

ME was classified regarding drug class and errors' types. For each pa-
tient with an identified ME, the potential clinical impact was deter-
mined through a consensus of an expert panel: 2 pharmacists (1
hospital senior pharmacist and the resident) and 2 senior clinicians
from the clinical department. Age, presence of chronic diseases and/or
comorbidities, body mass index, renal function, number and type of
ME and medication involved were taken in consideration to determine
the potential severity of these ME.

The index used to rate the significance of the errors was based on the
National Coordinating Council for Medication Error Reporting and Pre-
vention (NCC MERP) Index for categorizing medication errors and
adapted to get 4 severity categories with the type of error that leads to
this severity: very serious, serious, moderate and minor [14,15]
(Table 1). The potentially very serious effect was defined for all errors
that could lead to very serious or life-threatening consequences for
the patient, such as overdose of five times the normal dosage of drug
with a narrow therapeutic index. The potentially serious effect was de-
fined for errors that may cause harm or may extend hospital stay dura-
tion, such as a route of administration error causing significant toxicity
or wrong dose of warfarin. The potentially moderate and minor impacts
were defined for errors that affect patients' quality of life and have little
consequences for the patient.

2.4. Measures

For each patient, demographic, clinical and biological data were col-
lected: age, sex, cause of hospital admission, type of admission (planned
or unplanned, via emergency department), period of admissions (week-
day or night and week-end) and comorbidities. For each medication, we
collected its name, dosage, dosage forms and frequency of administra-
tion. For each medication discrepancy, we collected the type of medica-
tion discrepancy (omission, added medication, dosage or frequency
error or other), the nature of discrepancy (intended or unintended).
For each UMD and ME, we collected the drug classes (according to

Table 1
Evaluation of potential clinical impact of medication error.

Clinical, biological and therapeutic criteria to be taken into consideration

Age > 75 years old (severity criterion)

Number and type of chronic diseases and comorbidities (cardiac and pulmonary
diseases are considered as severity criteria)

Glomerular filtration rate < 60 ml/min/1.73 m? (severity criteria)

Number of medication errors (consider the resultant of the set of ME)

Medication classes involved (take into consideration drugs with narrow
therapeutic index)

Potential severity of medication error

Very serious (errors that could lead to very serious or life-threatening
consequences for the patient)

Medication that could save the patient's life prescribed at a too low dosage for
the illness it is treating

High dosage (10 times the normal dosage) of medication with a narrow
therapeutic index

High dosage (4-10 times the normal dosage) of medication with a narrow
therapeutic index associated with severity criteria.

Serious (errors that may cause harm or may extend hospital stay duration)
High dosage (4-10 times the normal dosage) of medication with a narrow
therapeutic index.

High dosage (1.5-4 times the normal dosage) of medication with a narrow
therapeutic index associated with severity criteria.

High dosage (10 times the normal dosage) of medication with a normal
therapeutic index

High dosage (1.5-10 times the normal dosage) of medication with a normal
therapeutic index associated with severity criteria.

Dosage could result in potentially toxic concentrations

Dosage too low that could not save patient's life, but does have great influence
on the clinical evolution of the illness

Route of administration that can lead to severe toxicity

Moderate (errors that affect patients' quality of life)

High dosage (1.5-4 times the normal dosage) of medication with a narrow
therapeutic index
High dosage (1.5-10 times the normal dosage) of medication with a normal
therapeutic index
Omission of a medication or insufficient dosage for the patient's condition
Route of administration that can lead to mild toxicity
Medication error that requires monitoring
Minor (errors that have little consequences for the patient)
Low dosage (<1.5 times the normal dosage) of medication
Omission of a non-essential medication (lifestyle medication)
Different route of administration that cannot lead to toxicity
Confusion with an equivalent medication

anatomical therapeutic chemical classification system), the correction
or not of the UMD and the potential clinical impact of ME for the patient.

2.5. Analysis

Patients' characteristics were described with proportions for cate-
gorical variables and with means =+ standard deviations (SD) for quan-
titative variables. These characteristics were compared between
diabetic and non-diabetic patients with the Student t-test or the
Mann-Whiney U test for continuous variables, and with Chi-square or
Fisher exact test for categorical variables.

Relation between diabetes and risk of medication errors was ana-
lyzed using logistic regression. We first adjusted our model for the peri-
od of conciliation in order to take into account the change in medicine
and/or pharmacist residents. We then built a model adjusted for the pe-
riod of conciliation and the number of lines of the prescription at admis-
sion or discharge. Because of the non-linearity of the relation between
number of lines and risk of medication errors, we modeled risk of med-
ication errors using a spline function of number of lines with a second-
degree polynomial and one central node [16]. We finally added age and
sex in a third and final multivariate logistic model.

Statistical analyses were performed at the conventional two-tailed o
level of 0.05 using SAS version 9.1 (SAS Institute, Cary, North Carolina).



2.6. Ethical considerations

Our prospective observational study follows the World Medical
Association's Declaration of Helsinki. All patients included in our
study received normal clinical care. Our interventions consisted of
a review of the medication history of patients and a consultation
with a clinical pharmacist. In accordance with the French code of
public health (article L1121-1) and after notice to the local ethics
committee (Sud Méditerranée IV), the local ethics committee has
confirmed that our observational study “pharmacist intervention to
reduce medication error” does not require any ethic committee ap-
proval (notice No. Q-2016-0903). All patients who provided verbal
consent were entered into a registry with data collected from their
hospitalization including anthropometric, clinical and biological in-
formation (No. DC-2009-1052). Only authors involved in the medi-
cal management of patients had access to the identification of
patients and their medical data. Patient data were then anonymized
by removing any identifying information before being analyzed.

3. Results
3.1. Patients' characteristics

Our whole cohort included 904 patients, with a mean age of 55.9 +
16.6 years old, a sex ratio close to 1 and 671 patients (74.2%) suffering

from diabetes mellitus, mainly type 2 diabetes (75.7%). Baseline charac-
teristics of our patients according to diabetic status are presented in

Table 2
Baseline characteristics of study patients, according to diabetic status.
DP NDP p value
Number of patients (n) 671 233
Age, years (mean =+ SD) 584 + 15.8 49.1 £+ 169 <0.001
Sex <0.001
Male, n (%) 404 (60.2%) 54 (23.2%)
Female, n (%) 267 (39.9%) 179 (76.8%)
BMI > 30 kg/m?, n (%) 314 (46.8%) 173 (74.2%) <0.001
Type of diabetes <0.001
Type 1,n (%) 163 (24.3%) -
Type 2, n (%) 508 (75.7%) -
Admission reason
Diabetes discovery, n (%) 27 (4.0%) 0 <0.001
Imbalanced diabetes, n (%) 433 (64.5%) 0 <0.001
Diabetic foot, n (%) 160 (23.8%) O <0.001
Treatment of obesity, n (%) 27 (4.0%) 157 (67.4%) <0.001
Adrenocortical dysfunction, n (%) 3(0.4%) 14 (6%) <0.001
Eating disorders, n (%) 1(0.1%) 38 (16.3%) <0.001
Thyroid dysfunction, n (%) 1(0.1%) 8 (3.4%) <0.001
Associated chronic diseases
Arterial hypertension, n (%) 380 (56.6%) 83 (35.6%) <0.001
Dyslipidemia, n (%) 342 (50.9%) 50(21.5%)  <0.001
Cardiovascular diseases, n (%) 290 (43.2%) 29 (12.4%) <0.001
Lung diseases, n (%) 117 (17.4%) 42 (18.0%) 0.92
Infectious diseases, n (%) 135(20.1%) 15 (6.4%) <0.001
Chronic diseases (mean + SD) 44 + 1.9 27 + 1.7 <0.001
Comorbidities, n (%)
Renal failure (DFG < 60 ml/min/1.73m?) 346 (51.6%) 80 (34.3%) <0.001
Cardiac failure 38 (5.7%) 3(1.3%) <0.005
Liver dysfunction 21 (3.1%) 6 (2.6%) 0.66
Alcohol consumption 58 (8.6%) 9 (3.8%) <0.05

Tobacco use
Type of admission
Planned hospitalization, n (%)
Transfer, n (%)
From emergency department, n (%)
Time of admission
Weekday, n (%)
Night or week-end, n (%)
GFR, ml/min/1.73 m? (mean = SD)

162 (24%)  36(154%)  <0.01
493 (73.5%)
88 (13.1%)
90 (13.4%)

195 (83.7%) <0.005
20(86%)  0.09
18(7.7%)  0.02

624 (93.0%) 225 (96.6%) 0.07
47 (7.0%)  8(3.4%) 0.07
78.1 + 319 942 + 203 <0.001

Data are mean =+ SD or n (%). DP, diabetic patients; NDP, non-diabetic patients; GFR, glo-
merular filtration rate.

Table 2. Diabetic patients were mostly men, were significantly older
and had more chronic diseases, such as cardiovascular diseases, as com-
pared with non-diabetic patients. Management diagnoses for the dia-
betic group were mainly imbalanced diabetes or diabetic foot care
whereas non-diabetic patients were mainly admitted for treatment of
obesity and eating disorders. Patients with diabetes were mainly admit-
ted via the emergency department whereas hospitalization was mainly
planned for patients without diabetes. Patients of both groups were
mainly admitted on working days.

3.2. Medication lists, intentional and unintentional medication
discrepancies

Medication lists (home medication, beginning of hospitalization
medication, end of hospitalization medication and discharge medica-
tion lists) were analyzed for 904 patients at admission and for 865 of
them at discharge. Thirty-nine patients (4.3%) were excluded at dis-
charge, mainly because the pharmacist could not analyze the prescrip-
tion before the patient's discharge. Clinical pharmacists identified
3947 (100%) discrepancies on the whole cohort, of which 2676
(67.8%) at admission and 1271 (32.2%) at discharge. Medication dis-
crepancies were intentional in 90.2% (IMD) of cases and corresponded
to change in drug therapy during hospitalization. The remaining 385
medication discrepancies (9.8%) were classified as unintentional
(UMD). Among them, 98.2% were corrected by the physician and
corresponded to ME. Only seven UMD were maintained by physicians.
They were for example decrease or omissions of treatment by proton
pomp inhibitors in patients with no history of esophagitis or gastro-
esophageal reflux disease or of hypnotic treatment in patients without
sleep disorder.

3.2.1. Medication lists according to diabetic status

Obtaining the BPMH required between 15 and 45 min depending on
the patient with an average of 30 min. So, 452 h and 432.5 h respectively
were required to achieve the BPMH at the admission and discharge of
hospitalization. Diabetic patients had significantly more medications
than non-diabetic patients both at home, beginning and end of hospital-
ization and hospitalization discharge (p < 0.001) (Table 3). Diabetic pa-
tients had on average twice more medications (8.7 + 4.5 vs 4.4 + 3.4,
p <0.001).

Both groups of patients had an increased number of treatments be-
tween home and hospitalization discharge, which was significant for
the diabetic group only (diabetic patients 8.2 4+ 4.5 vs 9.0 + 4.3,
p < 0.001; non-diabetic patients 4.4 + 3.5 vs 4.7 4 3.2, p = 0.09).

3.2.2. Intentional medication discrepancies

Treatment was modified (IMD) in respectively 80% and 60% of dia-
betic patients at admission and at discharge, versus respectively 60%
and 52% in non-diabetic patients (p <0.001) (Table 3). Moreover, the di-
abetic group had more modifications both at admission (3.8 + 2.7 vs
2.5 4+ 1.9, p<0.001) and discharge (2.5 + 1.7 vs 1.8 & 1.1, p < 0.001).
In addition, modifications of treatments were more common at admis-
sion than at discharge for both groups (p < 0.001). Overall, diabetic pa-
tients had 4.5 + 3.7 modifications of treatment vs 2.4 4 2.3 for non-
diabetic patients (p < 0.001), that is nearly half of their lines of
treatment.

3.2.3. Unintentional medication discrepancies and medication errors
Clinical pharmacists identified 385 UMD in 179 patients (19.8%) at
admission and 87 patients (10.1%) at discharge. After discussion be-
tween the clinical pharmacist and the physician, 98.2% of UMD were
corrected and therefore defined as ME, 322 (85.2%) in the diabetic
group and 56 (14.8%) in the non-diabetic group. Diabetic patients
were more affected by ME than non-diabetic patients both at admission
(22.1% vs 12.0%, p < 0.005) and at discharge (11.4% vs 5.7%, p = 0.01)
(Table 3). Moreover, we observed twice as many ME and patients



Table 3

Medication list, intentional and unintentional medication discrepancy characteristics at admission and discharge, according to diabetic status.

Admission Discharge
Total (n = 904) DP(n = 671) NDP(n = 233) pvalue Total(n = 865) DP(n=638) NDP(n=227) pvalue

Medication list by patient

Home 7.2 +£ 46 82 4 45 44 + 35 <0.001 - - -

Beginning of hospitalization 73 +£ 43 83 + 42 43 + 34 <0.001 - - -

End of hospitalization - - 8.0 + 4.7 92 + 45 4.7 + 34 <0.001

Discharge - - 79 + 45 9.0 £ 43 47 £+ 3.2 <0.001

Number of medication at hospitalization =~ 6956 (100%) 5892 (100%) 1064 (100%) 6786 (100%) 5717 (100%) 1069 (100%)
Discrepancies

Number of discrepancies 2676 (38.5%) 2282 (38.7%) 394 (37.0%) 0.29 1271 (18.7%) 1046 (18.3%) 225 (21%) 0.03

Number of patients 717 (79.3%) 567 (84.5%) 150 (64.4%) <0.001 534 (61.7%) 409 (64.1%) 125 (55.1%) <0.05

Number of discrepancies per patient 3.7 £ 2.7 4.0 + 2.8 26 + 20 <0.001 24+ 1.7 26 + 1.8 1.8 + 1.1 <0.001
IMD

Number of IMD 2403 (34.5%) 2052 (34.8%) 351 (32.9%) 0.24 1159 (17.1%) 950 (16.6%) 209 (19.5%) 0.21

Number of patients 677 (74.9%) 537 (80.0%) 140 (60.1%) <0.001 501 (57.9%) 383 (60.0%) 118 (51.9%) <0.001

Number of IMD per patient 3.6 + 26 38 + 27 25+ 19 <0.001 23 +17 25+ 1.7 1.8 £ 1.1 <0.001
UMD

Number of UMD 273 (3.9%) 230 (3.9%) 43 (4.0%) 0.92 112 (1.6%) 96 (1.7%) 16 (1.5%) 0.92

Number of patients 179 (19.8%) 149 (22.2%) 30 (12.9%) <0.005 87 (10.1%) 74 (11.6%) 13 (5.7%) <0.05

Number of UMD per patient 1.5+ 08 154+ 08 14 +£ 07 0.56 13+ 06 13 +£ 0.6 12 + 04 0.98
ME

Number of ME 267 (3.8%) 227 (3.9%) 40 (3.8%) 0.88 111 (1.6%) 95 (1.7%) 16 (1.5%) 0.69

Number of patients 176 (19.5%) 148 (22.1%) 28 (12.0%) <0.001 86 (9.9%) 73 (11.4%) 13 (5.7%) 0.01

Number of ME per patient 1.5+ 08 15+ 0.8 14 + 07 0.56 13 £ 0.6 13 + 06 12+ 04 0.98

Data are mean + SD or n (%). DP, diabetic patients; NDP, non-diabetic patients; IMD, intentional medication discrepancy; UMD, unintentional medication discrepancy; ME, medication
errors. p value, statistical analysis between DP and NDP population at admission and discharge.

involved at admission than at discharge for the diabetic (p <0.001) and
non-diabetic groups (p < 0.05). Finally, the mean number of ME per pa-
tient was similar between groups and between admission and discharge
(overall 1.4 4 0.7).

3.2.4. Classification and types of medication errors

ME are described in Table 4. At admission, diabetic patients had sig-
nificantly more ME involving medication of the cardiovascular system
(33.9% vs 12.5%, p = 0.01). At discharge, medication class of ME did
not differ between groups. Furthermore, the type and frequency of ME
were comparable between groups, both at admission and at discharge.
ME were in more than half of cases omissions, followed by incorrect
dose, incorrect frequency and inappropriate added medications. How-
ever, in both groups, types of ME did not differ between admission
and discharge except for the diabetic group who had more inappropri-
ate added medications at discharge (3.9% vs 15.8%, p < 0.001).

3.2.5. Potential clinical severity of medication errors

The diabetic group had more severe ME than the non-diabetic group,
both at admission (33.8% vs 7.1%, p < 0.005) and discharge (41.1% vs 0%,
p <0.005) (Table 4). They had less minor errors at admission (25.7% vs
42.9%, p = 0.06) although the difference was not statistically significant
and significantly less moderate errors at discharge (35.6% vs 69.2%, p =
0.03). Examples of ME considered to have potential to cause severe or
very severe clinical impact are described in Table 5.

3.2.6. Risk factors of medication errors

Results for the association between diabetes and the risk of ME are
shown in Table 6. In model 1 adjusted for the period of admission, dia-
betic status was significantly associated with the risk of ME both at ad-
mission and discharge. However, this association was no longer
significant after adjusting for the number of treatments. Conclusions
were not modified after adjusting for age and sex (model 3). Thus,

Table 4
Medication error characteristics at admission and discharge, according to diabetic status.
Admission Discharge
DP (n = 671) NDP (n = 233) p value DP (n = 638) NDP (n = 227) p value

Medication involved in ME
ATC code A, n (%) 6 (24.7%) 10 (25%) 0.87 29 (30.5%) 6 (37.5%) 0.81
ATC code B, n (%) 17 (7.5%) 0 (0%) 0.08 1(11.6%) 0 (0%) 0.35
ATC code C, n (%) 7 (33.9%) 5(12.5%) 0.01 8(18.9%) 1(6.2%) 0.29
ATC code N, nn (%) 40 (17.6%) 10 (25%) 0.37 21 (22.1%) 5(31.2%) 0.52
ATC code R, n (%) 9 (3.9%) 4 (10%) 0.08 6 (6.3%) 3 (18.7%) 0.12
ATC code others, n (%) 28 (12.3%) 11 (27.5%) 0.02 10 (10.5%) 1(6.2%) 1

Type of ME (n, %)
Added medication, n (%) 9 (3.9%) 1(2.5%) 1 5(15.8%) 1(6.2%) 0.46
Omission, n (%) 132 (58.1%) 21 (52.5%) 0.62 60 (63.2%) 11 (68.7%) 0.86
Wrong dose, nn (%) 65 (28.6%) 12 (30.0%) 0.99 7 (17.9%) 2 (12.5%) 0.73
Wrong frequency, n (%) 1(9.2%) 6 (15.0%) 0.26 3(3.2%) 2 (12.5%) 0.15

Potential clinical gravity of ME by patient
Minor, n (%) 38 (25.7%) 12 (42.9%) 0.06 17 (23.3%) 4 (30.8%) 0.73
Moderate, n (%) 58 (39.2%) 14 (50%) 0.28 26 (35.6%) 9 (69.2%) 0.03
Severe, n (%) 50 (33.8%) 2 (7.1%) <0.005 30 (41.1%) 0 (0%) <0.005
Very severe, n (%) 2 (1.3%) 0 (0%) 1 0 (0%) 0 (0%)

Data are mean =+ SD or n (%). DP, diabetic patients; NDP, non-diabetic patients; ME, medication errors; ATC, anatomical therapeutic classification; A, alimentary tract and metabolism; B,
blood and blood forming organ; C, cardiovascular system; N, nervous system; R, respiratory system.



Table 5
Examples of medication errors considered to have potential to cause severe or very severe
clinical impact.

Type of medication
error

Description

.

Omission Omission of antiretroviral therapy in patient with HIV
disease

Omission of diuretic treatment in patient with renal
failure, arterial hypertension and edema of the lower
limbs

Omission of antihypertensive and antiplatelet treatment
in patient with arterial hypertension and coronary syn-
drome

Omission of double antihypertensive therapy, antiplatelet
and cholesterol lowering treatment in patient with arte-
rial hypertension, coronary artery disease and dyslipid-
emia

Omission of double antibiotic therapy in patient with di-
abetic foot infection

Twofold decrease in the immunosuppressive treatment
dose in patient with sarcoidosis multi organ disease with
pulmonary involvement and pulmonary arterial hyper-
tension

Fivefold decrease in the dose of replacement therapy for
opioid drug dependence in patient with terminal renal
failure and psychiatric disorder

Threefold increase in the dose of hypnotic treatment in
patient with depressive syndrome, psychiatric disease
and with medical history of addiction disease.

Doubling of the dose of anticoagulant treatment in pa-
tient with renal failure

Fourfold increase in the dose of antiepileptic treatment in
patient with terminal renal failure

Threefold increase in the dose of hypoglycemic sulfamide
at hospitalization discharge in patient with imbalanced
diabetes and renal failure

Prescription of insulin glargine instead of insulin detemir
at the same dose in patient with imbalanced diabetes
Prescription on discharge medical order of human albu-
min and nicorandil treatment when they were stopped
during hospitalization in patient with cardiac disease and
terminal renal failure

Decrease in the dose of antibiotic treatment for osteitis
infection and omission of prophylactic anticoagulant
treatment in patient with diabetic foot disease.

Decrease in the dose of curative anticoagulant therapy
and omission of antihypertensive treatment in patient
with diabetic foot disease and deep vein thrombosis.

Wrong dose or
dosage

.

Unjustified added
medication

.

Others

these results underscored the relationship between polypharmacy and
the risk of ME in the diabetic population.

4. Discussion

In our study, we evaluated for the first time the incidence and type of
ME according to diabetes status, their potential clinical impact and the
effect of adding pharmacist to care team on the detection and correction
of these ME. Our results showed that diabetic patients are exposed to
more ME both at admission and at discharge, with more potentially se-
rious ME. Furthermore, we highlighted that the presence of clinical

pharmacist in care unit allowed detecting and correcting ME in 25.8%
of our cohort.

We showed that diabetic patients had twice more treatments than
non-diabetic patients, both at admission and at discharge, and more
modifications of their treatments during hospitalization. It is well
known that the number of prescribed drugs is high or excessive in peo-
ple with diabetes mellitus [17]. The study of S. Bauer and M.A. Nauck
showed on the one hand that diabetic patients had many chronic dis-
eases and comorbidities and on the other hand that patients with type
2 diabetes had an average of 8 medications prescribed and justified by
the guidelines [18]. This may cause drug-drug interactions, ADE, ME
and compliance issues [19-22].

Clinical pharmacists highlighted UMD in 179 patients (19.8%) at ad-
mission and 87 patients (10.1%) at discharge i.e. 26.0% of the total pop-
ulation; 98.2% of them were corrected after discussion with the
physician, and therefore defined as ME. This high corrective rate dem-
onstrates the relevance of pharmacist interventions and the trust rela-
tionship between the pharmacist and the physician in the medical
team. Thus, in the whole cohort, clinical pharmacists allowed correcting
these 378 ME before they resulted in harm. These ME concerned mainly
diabetic patients both at admission and at discharge. Indeed, 22.1% of di-
abetic patients and 12.0% of non-diabetic patients had at least one ME at
admission, and they were respectively 11.4% and 5.7% at discharge. Our
study is original for at least two raisons: firstly because it compared the
incidence and severity of ME between two groups, at admission and dis-
charge of hospital and secondly because it was carried out in a medicine
department. Indeed, most studies have focused on emergency depart-
ment, only at the admission and in the general population [12]. Few
studies reported the percentage of patients with at least one UMD or
ME at admission and discharge [13,23-26]. These studies reported per-
centages of patients with ME ranging from 8.3% to 64.5% at admission
and from 32 to 65% at discharge. These differences are probably ex-
plained by the population characteristics (age, emergency or medicine
department), the methodology and definition of ME [27]. Moreover,
some studies reported on discrepancies but did not specify if they
were intentional, unintentional or ME. In addition, the variation of the
incidence of ME between admission and discharge of hospitalization
also varied across studies. Some studies found more errors at admission
than at discharge (64.5% vs 32.37%) whereas others found the contrary
(8.3% vs 65.2%) or comparable rates between admission and discharge
(28% vs 25%; 42% vs 39% and 38% vs 41%) [13,23-26]. In our study, pa-
tients had mainly planned hospitalizations and only few patients were
hospitalized via the emergency department, on night or on weekends,
contrary to some works. Thus errors may be due to a lack of information
rather than to a lack of time or to the urgency of the prescription. As de-
scribed in the literature, the most common ME was the omission of
medication. Further, the major medications involved in ME were medi-
cation of the alimentary tract and metabolism including antidiabetic
drugs, followed by cardiovascular system drugs known to have serious
side effects [28,29].

The statistical analysis showed that the polypharmacy associated
with diabetes, but not diabetes mellitus itself, was a risk factor of ME.
The profile of diabetic patients with a significant number of chronic pa-
thologies, comorbidities and therefore treatments explain this higher

Table 6
Relation between diabetic status and the risk of medication errors: multiple logistic regression analysis.
Adjusted odds ratio (95% CI) Admission Discharge
DP NDP p value DP NDP p value
Statistical model 1 1.79 (1.15-2.80) 1 0.01 1.96 (1.06-3.63) 1 0.03
Statistical model 2 1.08 (0.66-1.76) 1 0.76 0.70 (0.35-1.42) 1 0.32
Statistical model 3 1.16 (0.69-1.93) 1 0.57 0.65 (0.31-1.37) 1 0.26

Data are mean + SD or n (%). DP, diabetic patients; NDP, non-diabetic patients; CI, confidence limits. Statistical model 1, model adjusted for the period of admission; statistical model 2,
model adjusted for the period of admission and the number of lines of the prescription at admission or discharge; statistical model 3, model adjusted for the period of admission, the num-

ber of lines of the prescription at admission or discharge, age and sex of the patient.




risk of ME. Thus, the largest number of ME in the diabetic population
could be explained by a greater number of lines of treatment both at ad-
mission and at discharge but also by the fact that their treatments are
much more modified during hospitalization. Indeed, several studies
have shown that age, average number of medication or number of med-
ication change to discharge were risk factors of ME [30,31].

The diabetic group had not only more ME but also a higher propor-
tion of potentially severe and very severe ME (damage to a vital organ
or extended length of hospital stay) at admission (33.8%) and discharge
(41.1%) with an increase in severe ME at discharge. The methodologies
used to assess the potential clinical impact of ME varied between stud-
ies, making comparisons difficult. However, we observed a higher pro-
portion of potentially serious ME in the diabetic population than in
other similar studies. Thereby, many authors showed lower proportions
of ME with potential harm at admission on medicine department (6.4%,
10.4%, 3.5% and 2.7% respectively); which are comparable with the rates
found in our non-diabetic population (7.1%) [13,23,29,31]. Regarding
discharge, fewer studies have investigated the potential impact of ME.
They reported proportions of potentially severe ME ranging from 3.4%
to 25%, which are lower than that found in our diabetic population
[13,23]. Our proportion of potentially severe ME may be due to the fra-
gility of our diabetic patients with several chronic diseases and narrow
therapeutic index treatments.

According to the literature, 10 to 67% of medication histories contain
at least one error [32]. Medication history errors may result in adverse
drug events, interrupted or inappropriate drug therapy during and fol-
lowing hospital stay. Thus, accurate medication histories are a major el-
ement of medication safety. The lack of communication between health
professionals at points of care transition may often lead to discrepancies
and ME between medications taken by the patient and medical pre-
scription [33]. Some studies have reported that pharmacists but also
student pharmacists were one of the best health care providers to
make medication history, [34-37] reduced prescribing costs and de-
creased the potential risk of severe ME [38,39]. Indeed, pharmacists
have access to all patient information, can interview the patient and
his pharmacy and work directly with physicians and nurses. Moreover,
pharmacists are trained to optimize drug therapy, particularly when the
drug therapy is complex and to improve safe medication use. A multi-
disciplinary team is an important element to manage patients with dia-
betes mellitus, which is a complex disease. The clinical pharmacist can
be a complementary member of this multidisciplinary team.

4.1. Limitations

To our knowledge, this is the first study comparing the incidence and
severity of ME between diabetic and non-diabetic patients, both at ad-
mission and discharge. In addition, our diabetic population was repre-
sentative of a hospital population with chronic diseases and diabetes
complications, such as renal impairment and diabetic foot ulcer, leading
to a large number of treatments. This was due to an exhaustive recruit-
ment and by broad inclusion criteria, as all patients over eighteen years
were included. However, our study has some limitations, mainly due to
its observational design without any control arm.

5. Conclusions

ME are frequent, both at admission and at discharge of hospitaliza-
tion, in particular in patients with a significant number of treatments
such as diabetes patients. Improving the quality and safety of drug ther-
apy is an objective of all health systems. Thus, detection, reporting, anal-
ysis and correction of ME are vital to ensure patient safety in particular
at points of transition care. Clinicians, pharmacists and other healthcare
workers should therefore work together to reduce such ME, in particu-
lar in high-risk patients such as diabetic patients.
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