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Abstract

Background: The purpose of this pilot study was to evaluate and refine an adjuvant system of color-specific
symbols that are added to medication bottles and to assess whether this system would increase the ability of
patients 65 years of age or older in matching their medication to the indication for which it was prescribed.

Methods: This study was conducted in two phases, consisting of three focus groups of patients from a family
medicine clinic (n = 25) and a pre-post medication identification test in a second group of patient participants
(n = 100). Results of focus group discussions were used to refine the medication label symbols according to
themes and messages identified through qualitative triangulation mechanisms and data analysis techniques.

A pre-post medication identification test was conducted in the second phase of the study to assess
differences between standard labeling alone and the addition of the refined color-specific symbols. The pre-
post test examined the impact of the added labels on participants’ ability to accurately match their
medication to the indication for which it was prescribed when placed in front of participants and then at a
distance of two feet.

Results: Participants appreciated the addition of a visual aid on existing medication labels because it would not be
necessary to learn a completely new system of labeling, and generally found the colors and symbols used in the
proposed labeling system easy to understand and relevant. Concerns were raised about space constraints on
medication bottles, having too much information on the bottle, and having to remember what the colors meant.
Symbols and colors were modified if they were found unclear or inappropriate by focus group participants. Pre-
post medication identification test results in a second set of participants demonstrated that the addition of the
symbol label significantly improved the ability of participants to match their medication to the appropriate medical
indication at a distance of two feet (p < 0.001) and approached significant improvement when placed directly in
front of participants (p = 0.07).

Conclusions: The proposed medication symbol label system provides a promising adjunct to national efforts in

addressing the issue of medication misuse in the home through the improvement of medication labeling. Further
research is necessary to determine the effectiveness of the labeling system in real-world settings.
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Background

Medication misuse is a high-priority topic with conse-
quences that result in adverse drug events (ADEs). The
Institute of Medicine projects that approximately 1.5
million preventable ADEs occur annually and create a
financial burden of approximately $3.5 billion per year
in the United States [1]. Among Medicare enrollees 65
years of age and older, the cost of ADEs in ambulatory
settings is more than $2 billion, of which $887 million
are due to preventable ADEs [2]. The Institute of Medi-
cine estimates that about 530,000 ADEs occur annually
among outpatient Medicare patients over the age of 65
and can be a result of forgetting to take medications,
taking the wrong quantity, and taking the wrong medi-
cation, among other medication adherence related issues
[3,4]. Efforts to improve medication safety and delivery
have been more readily implemented within hospital
and health systems with interventions focused at the
practitioner, pharmacy, and nursing staff level [5]. With
2.7 to 3.6 billion outpatient prescriptions dispensed each
year, it is critical to develop more focused interventions
in the home setting, where the patient is primarily
responsible for medication comprehension and adher-
ence [6,7].

Studies have shown that older patients, patients with
low health literacy, and those who take multiple medica-
tions may have difficulty comprehending medication
labels [8-10]. In any given week, 81% of adults take at
least one medication with 27% of them consuming at
least five different medications [11]. Women over the
age of 65 have the highest rate of medication use, with
94% using at least one medication and 57% using five or
more. Older patients may also read and comprehend
medication labels differently compared to younger popu-
lations in terms of reading speed and error rates accord-
ing to font type [12]. Older adults are particularly
vulnerable to experience adverse health outcomes
related to medication adherence and comprehension
due to higher rates of medication use and lower health
literacy than the general U.S. population [13,14].

Important, but limited, measures have been imple-
mented to address medication and patient safety in the
home, which include improved and standardized medi-
cation labels with clear text, larger font, warning labels,
electronic reminder systems and pill boxes [15-17]. A
White Paper published by the American College of Phy-
sicians Foundation provided a comprehensive review
and action plan on patient safety as it pertains to medi-
cation bottle labels [18]. One recommendation provided
by the White Paper is a need for a symbol system to be
incorporated onto medication bottles. The focus of this
pilot study was to evaluate and refine such a system of
symbols to place on medication bottles and to assess
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whether this system would increase the accuracy with
which patients 65 years of age or older could match
their medication to the indication for which it was
prescribed.

Methods

Development of the Tachygraphic Color Organized
Medication System (TCOM)

The TCOM system, also referred to as the medical sym-
bol label system, was conceptualized and developed by
researchers at the Primary Care Research Center/Texas
Prevention Institute at the University of North Texas
Health Science Center at Fort Worth, Texas (UNTHSC).
Researchers developed an easily recognizable image (i.e.
symbol) and corresponding color for each anatomical
main group of the Anatomical Therapeutic Chemical
(ATC) classification system recognized by the World
Health Organization [19]. The heart symbol and the
color red, for example, were used for cardiovascular
agents. Some of the 14 main classes were further subdi-
vided (Figure 1). For example, separate labels were cre-
ated for eye and ear disorders rather than a single label
for sensory disorders. This was developed and refined
with input and expertise from the medical arts staff of
the Informational Technology department at UNTHSC.
The labels consist of a series of repeated colored images
on a 3/4 inch adhesive strip that can be attached below
a standard medication bottle label (Figure 2). Each
colored medication symbol strip represents one of 19
common medication indications.

Study population

The study was conducted in two phases: three focus
groups and a pre-post medication identification test.
Participants for both phases of the study were recruited
from a member clinic of the North Texas Primary Care
Practice-Based Research Network (NorTex). NorTex
consists of a network of over 130 clinics in the North
Texas region and includes primary care clinics focused
on family medicine, general internal medicine, pedia-
trics, geriatrics, and obstetrics/gynecology. A conveni-
ence sample was recruited from a family medicine clinic
by a coordinator working with clinic staff and physi-
cians. Eligible participants were approached either in the
waiting room or immediately after their clinical visit
with the physician. During Phase I, participants were
scheduled for one of the three focus groups that best
met their availability and were consented at the time of
the focus group meeting. For Phase 11, interested partici-
pants were either immediately consented and sent to
complete study procedures following their medical visit
or were scheduled for a research visit at the NorTex
research offices.
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Indication Color Symbol Sample
Allergic Disorders Orange Person Sneezing
Cardiovascular System Red Heart YYoVYVVGY
Central Nervous System Gray Brain Y L L T
Dermatological Disorders Beige Hand/Skin
Ear Disorders Black/White Ear @ @ (é) @ (_é) (9
Endocrine System/Metabolic Fuchsia Candy Cane % &\(}; % &\'ﬁ
Eye Disorders/Ophthalmolo Indigo Eye
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Gastrointestinal Tract Brown Toilet é} é) é? éﬂ éﬂ
Immune System/Vaccines Purple Syringe & Needle /d /f /e /( / /
Infections & Infestations Lime Green Bug : X ¥
Musculoskeletal Disorders Black/White Bones w n @ %;,5
Neoplasms/Oncology Teal IV Bag & Line @T gl— gl— ?T
Nutrition Green Apple m
Ob/Gyn Pink Female \
Pain & Pyrexia Red Stick-figure man, _

bent forward '1 '1 .1 .1 -1 Q‘

Poisoning & Drug Dependence Orange No Smoking Sign @ @ @ @ @
Respiratory Tract Light Blue Lungs
Urogenital System Yellow Water
Sleep Aides/Hypnotics Black 22777

gB gk AL L

Figure 1 TCOM medication label system.

J

Three focus groups were conducted with 7-9 partici-
pants each, for a total of 25 participants during the first
phase of the study. A separate cohort of 100 participants
took part in the pre-post medication identification test

portion of the study, Phase II. For both phases, partici-
pants were eligible for the study if they were 65 years of
age or older and took a minimum of five long-term pre-
scription medications in at least three different
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medication classes. Individuals with vision loss were
excluded from participating based on the visual nature
of the study. All study participants were English speak-
ing. Study procedures were approved by the UNTHSC
Institutional Review Board.

Study Procedures

Focus groups were used to provide feedback on the pre-
liminary medication symbol system for 19 medication
indications [20]. A trained facilitator conducted focus
groups using a developed focus group moderator guide.
Focus groups took place at the Primary Care Research
Center at the University of North Texas Health Science
Center, and each participant was reimbursed $30 for
their time and effort. Each focus group lasted approxi-
mately 90 minutes, and the conversations were docu-
mented through digital audio recording and note taking.
A trained individual transcribed all audio recordings.
Focus group results were used to modify the medication
labeling system according to participant recommenda-
tions which were implemented prior to the second
phase of the study.

A pre-post medication identification test was con-
ducted in Phase II to assess differences between stan-
dard medication bottle labeling alone and the addition
of the TCOM medication label symbols in terms of

participants’ ability to accurately match their prescribed
medication to the correct indication. Participants were
asked to bring all of their medications, including over-
the-counter products, to the study visit. Each participant
was asked a series of questions related to identifying
each medication, its associated dosage, and the medical
conditions for which their medications were prescribed.
Participants were then asked to match their medication
bottles with the appropriate medical condition. A
TCOM label for the corresponding medical indication
was then added to the bottom of each bottle below the
existing pharmacy medication label, and the participant
was again asked to match each bottle with the appropri-
ate medical condition. This procedure was repeated
from a distance of two feet, representing the distance
needed to identify a medication bottle from common
medication storage locations such as kitchen counters,
medicine cabinets, cupboards or dressers. Each study
visit took approximately 30 minutes, and participants
were reimbursed $20 for their time and effort.

Qualitative measures and analysis

Focus group data were analyzed using thematic content
analysis. Data were collated on knowledge of the pur-
pose of medication labeling, barriers in current labeling
systems, initial thoughts on the TCOM system, and
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potential barriers and benefits of the TCOM system.
The responses to each question were compiled for a
total of 25 participants for the three focus groups.
Themes or codes were then derived from all of the
responses to each question. These qualitative results
were then used to modify and refine the proposed label-
ing system prior to the commencement of the second
phase of the study.

Quantitative measures and analysis

During the Phase II pre-post medication identification
test, data were collected on the number of medications
a participant was taking, the number of medications the
participant could correctly match with its prescribed
indication before the label was added, the number of
medications a participant could correctly match with its
prescribed indication after the label was added, and the
number of medications the participant could correctly
match with its prescribed indication two feet away from
the medication bottles pre and post labeling.

A power analysis was conducted for Phase II of the
study based on 100 participants. Using a paired samples
t-test and alpha of 0.05, a sample size of 100 allowed
greater than 80% power to detect a difference. Calcula-
tions assumed participants would incorrectly identify at
least one medication in the pre-measurement and would
correctly identify all medications in the post-measure-
ment. Since a minimum of five medications was
required for inclusion in the study, this constituted a
20% difference.

The number of medications a participant identified
correctly out of total medications was converted to a
percent correct, or score, for both the pre- and post-
measurements. Due to a non-normal distribution and
the paired association of pre and post scores, a Wil-
coxon Signed Ranks Test was performed to examine dif-
ferences between pre and post scores for identifying the
medication bottles while in front of the person and at
two feet away. Differences were considered statistically
significant with a two-tailed probability of 0.05 or less.

Results

Phase | results

When asked about knowledge of medication labels,
focus group participants commonly identified informa-
tion and instructions found on standard labels such as
when to take medicine, frequency, and strength of medi-
cation. Participants expressed that additional informa-
tion is needed on current medication labels such as the
purpose of the medication, and the color/size of pills.
They indicated that the writing was typically too small
to read, too much information was placed on the label,
and that color coding would be helpful unless someone
was color-blind. Participants stated that clear
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instructions on medication schedule and dosage, larger
type, and bold letters were needed, especially for those
who were visually-impaired. Similarities in size or color
of different medications and change by manufacturers in
size or color of pills were identified as barriers to medi-
cation recognition. Participants also stated that medica-
tions could be confusing to identify if they were similar
in appearance to other medications, name-brand versus
generic, or contained unclear, inadequate instructions.
Medication cost also emerged as a theme and important
concern for participants. Participants reported that Med-
icare only covers generic medications, forcing patients to
shop around to try to find the best price, and some indi-
viduals split pills to save money.

Participants stated that a new symbol label system
would be beneficial and appreciated the idea of an addi-
tional aid incorporated with existing medication labels
because it would not be necessary to learn a completely
new system of labeling. Participants generally found that
the colors and symbols used in the proposed labeling
system were easy to understand, relevant, and “self-
explanatory.” They noted that colors and symbols were
useful for both English and non-English speakers, and
found certain colors such as black for sleep aids or blue
for respiratory medications particularly relevant.

Concerns were raised about having too much informa-
tion on the bottle, not having enough space for the
TCOM label in addition to existing labeling, and having
to remember what colors meant. Participants stated that
some colors were inappropriate and unclear in relation
to the associated indication, and some symbols were
confusing and unfamiliar. Participant concerns and sug-
gestions were then used to revise the labeling system.
For example, the color red was incorporated into the
symbol for pain and pyrexia because participants asso-
ciated the color red more closely with pain than the ori-
ginal purple color used in the symbol. Participants also
suggested that colors should be bright and should be
placed either at the bottom of the bottle or added to
printed inserts on side effects.

Phase Il results
Table 1 provides the demographic characteristics of the
100 participants of Phase II. One participant did not
complete the post label questions; therefore, that partici-
pant is excluded from the paired analysis. The partici-
pants were 56% male, 82% white, and 67% had more
than a high school education. The average age of parti-
cipants was 73.4 years (range 65-88 years). Participants
took an average of 11 different medications (range 5-29)
from 8 different classifications (range 3-17).

Prior to placing the TCOM label on the medication
bottles, 88.6% of the medications were correctly
matched to their prescribed indication when placed in
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Table 1 Demographic Characteristics of the TCOM
Sample (n = 100)

Variable n (%)
Gender

Male 56 (56.0)

Female 44 (44.0)
Race/Ethnicity

White/Caucasian 82 (82.0)

Black/African American 12 (12.0)

Hispanic 5 (5.0

Other 1 (1.0)
Highest Grade Completed*®

Less than High School 8 (8.0)

High School 24 (24.0)

More than High School 67 (67.0)

Mean (sd)**

Age 734 56
Number of Medications 114 5.1
Number of Medication Classes 77 29

*Highest grade completed is missing for one respondent.
** sd = standard deviation

front of participants (Table 2). Only 81.1% of the medi-
cations were identified correctly when placed at a 2-feet
distance. After placing the TCOM label onto medication
bottles, the percent identified correctly significantly
improved when bottles were placed at a 2-feet distance
(88.6%, p < 0.001) and trended toward significance when
placed in front of participants (92.3%, p = 0.07). An
effect size (Cohen’s d) of 0.15 was obtained for medica-
tions placed in front of participants and 0.25 for medi-
cations placed at two feet away.

Discussion

Although institutional and policy level changes have
been implemented to improve medication adherence,
[21-24] less attention has been placed on elderly consu-
mers’ ability to understand medication labels to reduce
medication misuse at home [18]. The development of an
easily implementable tool such as the TCOM labeling
system offers pharmacies and health care providers the
potential to decrease medication errors among adults 65
years of age and older, a population that is more likely
to be on multiple medications and is more vulnerable to

Table 2 Percent of Medication Bottles Identified Correctly

Variable Average Percent Correct p-value*
In front of person pre label 88.5 0.07

In front of person post label 923

At two feet distance pre label ~ 81.1 < 0.001

At two feet distance post label 886

*Wilcoxon Signed Rank Test

Page 6 of 8

adverse drug events than the general population [25,26].
The TCOM system can empower older adults with an
accessible system to enhance correct use of medications
in the home and potentially decrease adverse events
associated with medication misuse or incorrect use.

Qualitative responses by study participants confirmed
the need for clear label formatting, explicit instructions
on dosage, and supported the idea of adding an easily
identifiable visual aid to existing medication labels [18].
Hwang and colleagues found that commonly used illus-
trations that are currently used on medication labels do
not increase patients’ ability to identify their medica-
tions, and in some cases, may be ambiguous or mislead-
ing [27]. Although further refinement of our TCOM
label system may be necessary to ensure the clarity of
the colors and symbols used, our pilot study implemen-
ted a focus group phase to foster input into the develop-
ment of a set of symbols that would be easily
identifiable by the target population. Pre-post medica-
tion identification test results show that the TCOM
label system did in fact improve patients’ ability to cor-
rectly identify their medications from a distance of two
feet, and approached significance when placed directly
in front of study participants. These results suggest that
the proposed labeling system has the potential to be a
helpful visual addition to current medication bottle
labels, since visual aids currently used on bottle labels
may not be effective.

Although participants were able to more accurately
identify their medications at a distance of two feet after
the addition of the TCOM label, the small effect size
may call into question the clinical relevance of study
results. However, the incorrect use of even one medica-
tion can result in adverse events, including hospitaliza-
tions or deaths, and/or suboptimal treatment of a
medical condition. Therefore, even small improvements
in medication identification have the potential to reduce
the incidence of preventable adverse drug events and
improve medical outcomes. Care must also be taken in
the interpretation of study results due to the small sam-
ple size. Results are specific to patients 65 and older
from a member clinic of the North Texas Primary Care
Practice-Based Research Network and may not be gen-
eralizable to other populations. Recall bias may have
occurred during the implementation of the pre-post test
assessments. Participants may have remembered the
purpose of their medications more clearly after the addi-
tion of the TCOM label since they were asked to recall
the purpose of their medicines prior to the addition of
the label. However, participants were not informed
whether or not they had matched their medication to
the correct indication during the assessment process,
and they were expected to already be familiar with their
medications. Participants were not asked to learn a set
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of new indications, but rather were required to be cur-
rently taking a minimum of five prescription medica-
tions in at least three medication classes in order to
qualify for the study.

It is difficult to assess the impact of recall bias on
study results due to lack of a comparison group and
randomized study design. To address this issue, further
study is recommended to determine the utility of a
visual system of labeling in real-world settings to assess
the comparative effectiveness of the proposed labeling
system to current bottle labels. Studies have shown that
adults 65 years of age and older have the lowest average
literacy rate among all age groups and that literacy can
have a significant impact on a patient’s ability to recog-
nize medications [9,28]. Further study is needed in
home, pharmacy, and community settings to determine
how social factors outside of a research setting impact
the suitability and effectiveness of the TCOM labeling
system.

Conclusions

Pilot study results show a promising addition in efforts
to address medication misuse in the home through the
improvement of medication labeling. Further research is
necessary in order to determine the effectiveness of the
TCOM labeling system in real-world settings.

Abbreviations

TCOM: Tachygraphic Color Organized Medication label system; ADE: adverse
drug event; NorTex: North Texas Primary Care Practice-Based Research
Network; ATC: Anatomical Therapeutic Chemical Classification System.

Acknowledgements

The project described was supported by Grant Number GO905RS from the
American Academy of Family Physicians Foundation. The authors are
grateful for the assistance of Swati Gulati, Lorna Brooks, the Primary Care
Research Center staff of the University of North Texas Health Science Center,
and the Biomedical Communications department of the University of North
Texas Health Science Center.

Author details

'Primary Care Research Center/Texas Prevention Institute, Department of
Behavioral and Community Health, University of North Texas Health Science
Center at Fort Worth, 3500 Camp Bowie Blvd, Fort Worth, TX 76107, USA.
“Texas College of Osteopathic Medicine, University of North Texas Health
Science Center at Fort Worth, 3500 Camp Bowie Blvd, Fort Worth, TX, 76107,
USA. 3Primary Care Research Center/Texas Prevention Institute, Department
of Family Medicine, University of North Texas Health Science Center at Fort
Worth, 3500 Camp Bowie Blvd, Fort Worth, TX 76107, USA. 4Primary Care
Research Center/Texas Prevention Institute, University of North Texas Health
Science Center at Fort Worth, 3500 Camp Bowie Blvd, Fort Worth, TX 76107,
USA. “Department of Behavioral and Community Health, University of North
Texas Health Science Center at Fort Worth, 3500 Camp Bowie Blvd, Fort
Worth, TX 76107, USA.

Authors’ contributions

RC and CM conceived the study, developed the design and were the
principal investigators of the study. RC and EB were the primary writers of
the manuscript. KGF assisted in methodology of the study, conducted data
analyses, and edited the manuscript. AE oversaw the daily activities of the
study and edited the manuscript. SL conducted the focus groups and

Page 7 of 8

performed analysis for the study and also reviewed and edited the
manuscript. All authors read and approved the final manuscript.

Competing interests
The authors declare that they have no competing interests.

Received: 1 September 2011 Accepted: 29 December 2011
Published: 29 December 2011

References

1. Institute of Medicine: Preventing Medication Errors. Washington D.C,
National Academy of Sciences; 2006.

2. Field TS, Gilman BH, Subramanian S, Fuller JC, Bates DW, Gurwitz JH: The
costs associated with adverse drug events among older adults in the
ambulatory setting. Med Care 2005, 43:1171-1176.

3. Bates D, Boyle D, Vliet M, Schneider J, Leape L: Relationship between
medication errors and adverse drug events. Journal of General Internal
Medicine 1995, 10:199-205.

4. Brown M, Frost R, Ko Y, Woosley R: Diagramming patientsGCO views of
root causes of adverse drug events in ambulatory care: An online tool
for planning education and research. Patient Education and Counseling
2006, 62:302-315.

5. Galt K Rule A, Clark B, Bramble M, Taylor W, Moores K: Best Practices in
Medication Safety: Areas for Improvement in the Primary Care Physician’s
Office 2005.

6. Wysowski D, Governale L, Swann J: Trends in outpatient prescription drug
use and related costs in the US: 1998-2003. Pharmacoeconomics 2006,
24:233-236.

7. Davis T, Federman A, Bass P, et al: Improving Patient Understanding of
Prescription Drug Label Instructions. Journal of General Internal Medicine
2009, 24:57-62.

8. Davis TC, Wolf MS, Bass PF Il et al: Literacy and misunderstanding
prescription drug labels. Ann Intern Med 2006, 145:887-8%4.

9. Kripalani S, Henderson LE, Chiu EY, Robertson R, Kolm P, Jacobson TA:
Predictors of medication self-management skill in a low-literacy
population. J Gen Intern Med 2006, 21:8352-856.

10.  Davis TC, Wolf MS, Bass PF Ill, et al: Low literacy impairs comprehension
of prescription drug warning labels. J Gen Intern Med 2006, 21:847-851.

11, Kaufman DW, Kelly JP, Rosenberg L, Anderson TE, Mitchell AA: Recent
patterns of medication use in the ambulatory adult population of the
United States: the Slone survey. JAMA 2002, 287:337-344.

12. Smither JA-A, Braun CC: Readability of prescription drug labels by older
and younger adults. Journal of Clinical Psychology in Medical Settings 1994,
1:149-159.

13.  Baker DW, Gazmararian JA, Sudano J, Patterson M: The association
between age and health literacy among elderly persons. J Gerontol B
Psychol Sci Soc Sci 2000, 55:5368-5374.

14.  Baker DW, Wolf MS, Feinglass J, Thompson JA, Gazmararian JA, Huang J:
Health literacy and mortality among elderly persons. Arch Intern Med
2007, 167:1503-1509.

15. Schillinger D: Misunderstanding Prescription Labels: The Genie Is Out of
the Bottle. Annals of Internal Medicine 2006, 926-928.

16. Wise J, Operario D: Use of electronic reminder devices to improve
adherence to antiretroviral therapy: a systematic review. AIDS Patient
Care & STDs 2008, 22:495-504.

17. Shrank W, Avorn J, Rolon C, Shekelle P: Effect of content and format of
prescription drug labels on readability, understanding, and medication
use: a systematic review. Ann Pharmacother 2007, 41:783-801.

18. Improving Rx Drug Container Labeling: An Issue of Health Literacy and
Medication Safety. American College of Physicians Foundation; 2007.

19.  WHO Collaborating Centre for Drug Statistics Methodology: Guidelines for
ATC classification and DDD assignment. 2011, Oslo.

20.  Morgan DL: The focus group guidebook Thousand Oaks, CA: Sage
Publications, Inc; 1998.

21. Food and Drug Administration Safety Program: Food and Drug
Administration; 2011.

22, Shrank WH, Agnew-Blais J, Choudhry NK, et al: The variability and quality
of medication container labels. Arch Intern Med 2007, 167:1760-1765.

23.  Shrank WH, Parker R, Davis T, et al: Rationale and design of a randomized
trial to evaluate an evidence-based prescription drug label on actual
medication use. Contemp Clin Trials 2010, 31:564-571.


http://www.ncbi.nlm.nih.gov/pubmed/16299427?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16299427?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16299427?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7790981?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7790981?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16879943?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16879943?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16879943?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16519545?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16519545?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18979142?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18979142?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17135578?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17135578?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16881946?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16881946?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16881945?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16881945?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11790213?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11790213?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11790213?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11078114?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11078114?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17646604?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/22205975?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/22205975?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17426075?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17426075?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17426075?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17846395?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17846395?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20647058?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20647058?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20647058?dopt=Abstract

Cardarelli et al. BMC Family Practice 2011, 12:142
http://www.biomedcentral.com/1471-2296/12/142

24.  Shrank WH, Stedman M, Ettner SL, et al- Patient, physician, pharmacy, and

pharmacy benefit design factors related to generic medication use. J
Gen Intern Med 2007, 22:1298-1304.

25. Zhan C, Correa-de-Araujo R, Bierman AS, et al: Suboptimal prescribing in

elderly outpatients: potentially harmful drug-drug and drug-disease

combinations. Journal of the American Geriatrics Society 2005, 53:262-267.

26.  Chrischilles EA, VanGilder R, Wright K, Kelly M, Wallace RB: Inappropriate

medication use as a risk factor for self-reported adverse drug effects in
older adults. Journal of the American Geriatrics Society 2009, 57:1000-1006.

27. Hwang SW, Tram CQ, Knarr N: The effect of illustrations on patient
comprehension of medication instruction labels. BMC Fam Pract 2005,
6:26.

28. Kutner M, Greenberg E, Jin Y: The Health Literacy of America’s Adults:
Results from the 2003 National Assessment of Adult Literacy.
Washington D.C, US. Department of Education; 2006.

Pre-publication history
The pre-publication history for this paper can be accessed here:
http://www.biomedcentral.com/1471-2296/12/142/prepub

doi:10.1186/1471-2296-12-142

Cite this article as: Cardarelli et al. Improving accuracy of medication
identification in an older population using a medication bottle color
symbol label system. BMC Family Practice 2011 12:142.

Page 8 of 8

Submit your next manuscript to BioMed Central
and take full advantage of:

e Convenient online submission

e Thorough peer review

¢ No space constraints or color figure charges

¢ Immediate publication on acceptance

¢ Inclusion in PubMed, CAS, Scopus and Google Scholar

¢ Research which is freely available for redistribution

Submit your manuscript at
www.biomedcentral.com/submit

( BioMed Central



http://www.ncbi.nlm.nih.gov/pubmed/17647066?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17647066?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15673350?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15673350?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15673350?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19507293?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19507293?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19507293?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15960849?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15960849?dopt=Abstract
http://www.biomedcentral.com/1471-2296/12/142/prepub

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Development of the Tachygraphic Color Organized Medication System (TCOM)
	Study population
	Study Procedures
	Qualitative measures and analysis
	Quantitative measures and analysis

	Results
	Phase I results
	Phase II results

	Discussion
	Conclusions
	Acknowledgements
	Author details
	Authors' contributions
	Competing interests
	References
	Pre-publication history


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 500
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 500
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


