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ABSTRACT: Introduction: Food-drug can have a significant influence on the therapeutic success of the drug and on the adverse
effect profiles of many drugs being administered. This study assessed the prevalence of potential drug-food interactions and
orientation of health professionals on the proper use of medicines.
Methods: Cross-sectional study which included 517 patients aged 18 years or over between May-August 2012. The analysis of
the information included estimates of central tendency, variability and proportions. Multivariable analysis was performed by
the Statistical Learning Theory Exhaustive CHAID algorithm was used to define of cut-offs for the complexity of
pharmacotherapy and prioritize patients more likely to take their medications incorrectly with regard to food.
Results: 1786 drugs were used by patients. Captopril and omeprazole were the most incorrectly used. Total of 66.0% of
patients reported that they had not received any information on their pharmacotherapy and 95.2% stated that they had
doubts or difficulties that could have been resolved by the pharmacist. An absence of additional information to those strictly
necessary for compliance with the regimen of drugs prevailed (89.7%). The most common inaccuracy was taking a drug with
food that should be taken on an empty stomach to improve absorption of the drug (57.7%).
Conclusion: Professionals, in general, do not seem to warn their patients to take their medications on a full or empty
stomach, at least in writing medications. Health professional awareness of the drug administration process can reduce
medication errors and may contribute to the optimization of pharmacotherapy.

KEYWORDS: Food-drug interactions, medication errors, complexity of pharmacotherapy, patient education,
pharmacoepidemiology.

INTRODUCTION
Interactions between drugs and food occur when a food or nutrient changes the effectiveness of a drug, or when it
1,2
interferes with the individual's nutritional status . These interactions are gaining recognition in the healthcare system,
given that the total bioavailability, pharmacokinetics, pharmacodynamics and therapeutic efficacy of drugs may be altered
3
due to concomitant intake (or not) with food . The mechanisms related to the effects of food on drug absorption include,
4,5
among others decreased, increased or retarded absorption . Considering the clinical effects, the reduction of bioavailability
may occur, which predisposes to a therapeutic failure, or there may be an increase leading to risks of adverse effects and
6−8
toxicity .
1,8

The drugs possess guidelines on food in order to maximize the effect or to reduce toxicity in the gastrointestinal tract .
Many patients are unaware of or do not understand these instructions and take their medicines incorrectly, which
9
predisposes to a medication error . The drug-food interactions comprise one of the medication errors, which fall within the
administration time errors. These errors occur during the prescribing, dispensing, administration and monitoring of
10−12
medication use process and its principal cause is an inadequate knowledge of clinical pharmacology
. In a study involving
2,874 opportunities for errors, 10 errors were due to time of administration and were related to drugs that interact with food
11
or other drugs .
Corresponding Author: Angelita Cristine de Melo
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As the number of medications, the dose and the duration of the therapeutic regimen increases, so does the regimen
2,9
2,13
complexity, which culminates with an increased risk of interactions , however, most of them can be easily recognized .
The pharmacist could help to minimize medication errors associated with drug-food interactions as they hold the necessary
knowledge and are accessible to the population in the health system. However, re-engineering of the professional practice
with a focus on direct patient needs is required. This is because nowaday their major responsibility is give them "access" to
drugs and does not contribute to the solution of post-access problems, such as drug-food interactions and their
14
consequences .
There is a shortage of epidemiological studies involving drug-food interactions and their consequences, probably due to
difficulties in obtaining adequate samples, lack of infrastructure for the study and especially lack of research interest due to
15
the non-recognition of the problem and its clinical significance . This study analyses the prevalence of drug-food
interactions and their possible implications, as well as the existence of information in medical prescriptions for the
prevention and clinical performance of the pharmacist for patients seen in primary healthcare.

METHODS
A cross-sectional study on patterns of drug use related to healthcare and drug-food interactions in a city, with
approximately 200,000 inhabitants. It is an industrial and health reference for 55 municipalities in the Midwest region of the
state of Minas Gerais, Brazil. It is part of a larger study that examined pharmacotherapy in primary health care. In the original
study, the random sample was estimated considering the accuracy of 4.0%, statistical significance 5.0% and the outcome
occurrence of non-adherence to therapy in 36.8% of the population totalling 427 individuals. For possible losses and
stratifications, 20.0% was added resulting in a total of 517 people. For the patient selection, this sample was proportional to
16
number of dispensations amount in one of five public pharmacies. The patients were selected by a random draw .
The inclusion criteria were inhabitants of the area covered by the municipality aged 18 years or over, with prescription at
least one drug during the collection period. The exclusion criteria at the time of collection were the use of any medication
whose prescription was not available or withdrawal of medication by a third party.
Data collection was conducted by trained Pharmacy scholars under the supervision of a Pharmacist between May and
August 2012 in five primary health care pharmacies considering the pharmacy hours of operation and on weekdays at
different times. It was requested to patient show their prescription (all of which were conducted by hand) followed by a
16
questionnaire that was administered by an interviewer who subsequently instructed the patient on how to use the drugs .
For the analysis of the (in) correct use of medication related to the feed, we considered only oral medication that has been
used for patients.
17

The dependent variable "patient with (in) appropriate drug use" was analysed by considering referential TRUVEN in
relation to time of feeding and administration of medications reported by the patient. This variable was stratified into "all in
correct use", "a least one incorrectly use", and "all incorrectly use".
The independent variables used were: socio-demographic data (gender, age, educational level, marital status, people in
the household); clinical conditions with self-reported medical diagnosis (number of diseases, cardiovascular diseases and
18
endocrine metabolic diseases) according to International Classification of Diseases, version 10 (ICD-10) ; indicators of
access/utilization of healthcare services (private health insurance, medical appointments, additional information on
requirements, pharmaceutical appointments, drugs, access, information on the drug received at the pharmacy, and doubt or
difficulty to be resolved by the pharmacist); characteristics of pharmacotherapy [Potential Clinical Impact of Drug-therapy
Problems (PDTP), complexity of pharmacotherapy and adherence]; and existence of written technical recommendations in
the medical prescription.
19

The complexity of pharmacotherapy was defined by the Medication Regimen Complexity Index (MRCI) and validated in
20
Brazil . The MRCI is an instrument used to measure a treatment regimen complexity for an individual patient, and it is
divided into 3 sections: A (dosage forms), B (dosing frequency), and C (additional information, such as take at specific times
16
19
and relation to food) . The complexity index is the sum of the points (scores) for the 3 sections .
Adherence was assessed by the question "How often can you follow the instructions for dosage of this medicine?". Selfreported adherence was stratified on the Likert scale (1 – every time, 2 – most times, 3 – sometimes, 4 – hardly any time, 5 –
never). For the complete treatment regimen, it was considered as non-adherence if the patient did not adhere to at least one
drug.
The analysis of the information included estimates of central tendency, variability and proportions. Multivariable analysis
was performed by the Statistical Learning Theory Exhaustive CHAID (chi-squared automatic interaction detector) algorithm
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with Pearson’s chi-square test and and Bonferroni adjustments. This analysis was used to define of cut-offs for the
complexity of pharmacotherapy and prioritize those patients who may be at higher risk of clinically relevant food-drug
interactions in order to optimize of health care services. Analysis criteria included ranking of variables in the model: statistical
significance of 5.0%, a total of 50 cases in the parent node and 30 cases in the child node, and up to three hierarchical levels,
as well as cross-validation by 10 sub folds. For constructing the database and for analyses, the SPSS program was used.
This study was conducted in accordance with ethical standards, and it was approved by the Ethics Committee on Human
Research of the Hospital São João de Deus under the number, 154/2011.

RESULTS
The majority of 517 patients were female (73.5%), with up to four years of study (62.8%) and living with a partner
(54.9%). The median age was 58.8 years (P25= 50.5; P75= 66.3). Considering the profile of clinical conditions with medical
diagnosis, the median was 2.0 diseases (P25= 2.0; P75= 3.0), however a total of 265 had up to three cardiovascular diseases
and 371 patients had one or more endocrine metabolic diseases. In relation to access and use of healthcare services, 34.0%
of patients had private health plans, had a median of 3.0 medications prescribed (P25= 2.0; P75= 5.0), most of them had all
drugs by public health system (89.0%).
Whereas clinical follow-up, the patient had a median of 3.0 annual medical appointments (P25= 2.0; P75= 5.0) and a
median of zero appointments by the pharmacist in a year. A total of 66.0% of patients reported that they had not received
any information on their pharmacotherapy. Despite the low provision of medication therapy management services, 95.2%
stated that they had doubts or difficulties that could have been resolved by the pharmacist regarding the use of medications.
Considering safety indicators and effectiveness of pharmacotherapy, 53.0% of respondents had some PDTP. The complexity
of pharmacotherapy was 8.5 (P25= 5.0; P75= 13.5) and self-reported adherence to pharmacotherapy was 74.5% (Table 1).
Patients with all medications in correct use, with at least one drug incorrectly used and all drugs incorrectly used were
compared by bivariate analysis, and age, number of diseases, endocrine metabolic diseases, number of drugs, PDTP,
complexity of pharmacotherapy and adherence (p<0.01) and gender (p= 0.04) were statistically significant.
Table 2 shows the profile of drug use in relation to food and the characteristics of pharmacotherapy. Of the 1,786 drugs
used by patients, most were oral solid (95.1%). Simvastatin and hydrochlorothiazide were the drugs most appropriately taken
by patients. In contrast, captopril and omeprazole were the most inadequately administered, both must be used on an empty
stomach.
An absence of additional information to those strictly necessary for compliance with the regimen of drugs prevailed
(89.7%). The most common technical recommendation of drug administration was to take with or without food (42.6%).
Despite information provided by health professional is insufficient, only few drugs were in incorrect use regarding food
(16.7%).
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Table 1. Factors associated with correct use of drugs in relation to food. Minas Gerais - Brazil, 2012
Characteristics

All patients
(n= 517)

Socio-demographic characteristics
Gender Female % (n)
73.5 (380)
Age P50 (P25; P75)
58.8 (50.5; 66.3)
Years of Schooling % (n)
Non-literacy
7.5 (39)
1a4
55.3 (286)
5 a 11
33.1 (171)
>11
4.1 (21)
Lives with a partner % (n)
54.9 (284)
Number of inhabitants per
3.0 (2.0; 4.0)
household P50 (P25; P75)
Clinical conditions
Diseases P50 (P25; P75)
2.0 (2.0; 3.0)
Cardiovascular diseases % (n)
(n= 265)
1
94.3 (250)
2
5.3 (14)
3
0.4 (1)
Endocrine/ metabolic diseases %
(n= 371)
(n)
1
55.8 (207)
2
38.5 (143)
3
5.7(21)
Access and use of health care services
Private Health care assistance %
34.0 (176)
(n)
Acquisition of drugs by public
health
All drugs
89.0 (460)
At least one drug
10.6 (55)
None drug
0.4 (2)
Drugs P50 (P25; P75)
3.0 (2.0; 5.0)
3.0 (2.0; 5.0)
Medical appointments
P50 (P25; P75)
Pharmaceutical appointmentsP50
0.0 (0.0; 0.0)
(P25; P75)
Had doubt or difficulty to be
95.2 (492)
resolved by the pharmacist % (n)
Received any information about
drug in the pharmacy % (n)
No
66.0 (341)
Most often
28.4 (147)
Hardly ever
5.6 (29)
Characteristics of pharmacotherapy
b
PDTP (yes)
53.0 (274)
Complexity of pharmacotherapy
8.5 (5.0; 13.5)
P50 (P25; P75)
Adherence % (n)
74.5 (385)
a
Pearson’s chi-square with Bonferroni adjustment.
b
Potential Clinical Impact of Drug-therapy Problems
* = Statistically significant difference.

p value

Correct use
(n=310)

Incorrect use
(n=11)

77.1 (239)
55.8 (47.8; 65.0)

67.3 (132)
61.9 (54.5; 67.9)

81.8 (9)
53.4 (44.3; 60.4)

7.7 (24)
53.6 (166)
34.5 (107)
4.2 (13)
56.4 (175)
3.0 (2.0; 4.0)

7.1 (14)
57.7 (113)
31.1 (61)
4.1 (8)
52.6 (103)
3.0 (2.0; 4.0)

9.1 (1)
63.6 (7)
27.3 (3)
54.5 (6)
2.0 (2.0; 5.0)

2.0 (1.0; 3.0)
(n= 137)
94.9 (130)
5.1 (7)
(n= 202)

3.0 (2.0; 4.0)
(n=124)
93.6 (116)
5.6 (7)
0.8 (1)
(n= 163)

1.0 (1.0; 3.0)
(n=4)
100.0 (4)
(n= 6)

61.9 (125)
33.2 (67)
4,9 (10)

46,6 (76)
46,6 (76)
6.8 (11)

100.0 (6)
-

34.8 (108)

32.2 (65)

27.3 (3)

>0.05

90.0 (279)
9.4 (29)
0.6 (2)
2.0 (2.0; 4.0)
3.0 (2.0; 5.0)

86.7 (170)
13.3 (26)
0.0 (0)
4.0 (3.0; 6.0)
3.0 (2.0; 6.0)

100.0 (11)
0.0(0)
0.0 (0)
1.0 (1.0; 2.0)
2.0 (2.0-5.0)

>0.05

<0.01*
>0.05

-

-

-

>0.05

92.2 (286)

99.5 (195)

100.0 (11)

>0.05

66.8 (207)
28.0 (87)
5.2 (16)

63.3 (124)
30.6 (60)
6.1 (12)

90.9 (10)
0.0 (0)
9.1 (1)

>0.05

41.6 (129)
7.0 (4.0; 11.0)

71.9 (141)
12.5 (8.0; 17.0)

36.4 (4)
4.5 (2.0;6.0)

<0.01*
<0.01*

72.3 (224)

78.6 (154)

63.6 (7)

<0.01*

= 0.04*
<0.01*
>0.05

>0.05
>0.05

<0.01*
>0.05

<0.01*

Table 2. Characteristics of pharmacotherapy and its suitability in the presence of food. Minas Gerais. Brazil. 2012
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Drugs
Characteristics

All
(n= 1786)

Correct use
(n= 1323)

Incorrect use
(n= 298)

Characteristics of pharmacotherapy % (n)
Pharmaceutical form and route of administration (n= 1786)
Solid oral: capsules and tablets
95.1 (1698)
99.0 (1310)
99.3 (296)
a
1.2 (22)
1.0 (13)
0.7 (2)
Other oral forms
Injectable: vials and ampoule
1.5 (26)
Cream and ointment
0.4 (7)
Drops and nasal spray
0.7 (13)
Aerosol
0.4 (7)
Transdermal patch
0.7 (13)
More prescribed drugs
% (n)
% (n; position)
% (n; position)
Sinvastatin
9.9 (177)
12.7 (168; 2)
Hydrochlorothiazide
9.7 (173)
12.8 (170; 1)
Losartan
8.0 (143)
10.7 (141; 3)
Omeprazole
5.3 (95)
3.4 (45; 8)
15.1 (45; 2)
Captopril
5.3 (94)
1.5 (20; 14)
24.8 (74;1)
Metformin
5.3 (94)
6.0 (80; 5)
2.7 (8; 8)
Levothyroxine
4.9 (87)
5.5 (73; 6)
4.7 (14; 4)
AAS
4.7 (84)
6.2 (82; 4)
0.7 (2; 14)
Propranolol
2.6 (47)
3.5 (46; 7)
Atenolol
2.2 (40)
3.0 (40; 9)
Other
42.1 (752)
34.6 (458)
52.0 (155)
a
Gums, lozenges, solution, suspension, sublingual spray/tablet, gargles, mouthwash.

Another route of
administration
(n= 65)

Treatment initiation
(n= 100)

9.2 (92)
0.7 (7)
0.1 (1)
% (n; position)
9.0 (9; 1)
3.0 (3; 5)
2.0 (2; 6)
5.0 (5; 3)
6.0 (6; 2)
1.0 (1; 7)
74.0 (74)

38.4 (25)
10.8 (7)
20.0 (13)
10.8 (7)
20.0 (13)
% (n; position)
100.0 (65)

Table 3. Characteristics of using drugs related to food. Minas Gerais. Brazil. 2012
Drugs
Characteristics

All
(n= 1786)

Profile of adequacy of use of drugs % (n)
Additional information in prescriptions
No
89.7 (1603)
Yes
10.3 (183)
Relationship with food
61.2 (112)
Take on an empty stomach
21.9 (40)
Specific care with drug
15.3 (28)
Do not lie down after you take the drug
1.6 (3)
Technical recommendation of administration in relation to food
Ingest your drug with food or without food
42.6 (760)
Ingest the drug with food
28.9 (516)
Ingest the drug without food
19.3 (345)
Start of treatment or other route
9.2 (165)
Appropriateness of use of drugs in relation to food
Correct
83.3 (1488)
Incorrect (n= 298)
16.7 (298)
Empty stomach to maximize effect and uses full
57.7 (172)
stomach
Full stomach to reduce irritation and uses an
30.9 (92)
empty stomach
Full stomach for absorption and uses an empty
10.7 (32)
stomach
Incorrect gastric contents
0.7 (2)
Potential Clinical Significance (n= 298)
Ineffectiveness of pharmacotherapy
67.4(201)
Insecurity of pharmacotherapy
32.6 (97)

Correct use
(n= 1323)

Treatment
initiation
(n= 100)

Incorrect use
(n= 298)

Another
route
(n= 65)

89.0 (1177)
11.0 (146)
60.9 (89)
23.3 (34)
13.7 (20)
2.1 (3)

93.0 (277)
7.0 (21)
66.7 (14)
23.8 (5)
9.5 (2)
0.0 (0)

88.0 (88)
12.0 (12)
75.0 (9)
8.3 (1)
16.7 (2)
0.0 (0)

93.8 (61)
6.2 (4)
0.0 (0)
0.0 (0)
100.0 (4)
0.0 (0)

57.5 (760)
29.8 (395)
12.7 (168)
-

40.6 (121)
59.4 (177)
-

100.0(100)

100.0 (65)

-

57.7 (172)

-

-

-

30.9 (92)

-

-

-

10.7 (32)

-

-

-

0.7 (2)

-

-

-

67.4(201)
32.6 (97)

-

-

The most common inaccuracy was to take a drug with food that should have been taken on an empty stomach to improve
absorption of the drug (57.7%) (Table 3). The most common potential consequence of the incorrect use of drugs was risk of
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ineffectiveness of pharmacotherapy (67.4%). The drugs used most incorrectly were captopril (24.8%) and omeprazole
(15.1%). Hydrochlorothiazide was the drug that most correctly used (12.8%), followed by simvastatin(12.7%) and losartan
(10.7%) (Table 2).
The hierarchization of independent variables for "Patient in (in) appropriate drug use” maintained in the final model the
complexity of pharmacotherapy and health conditions number (p<0.01). The greater the complexity of pharmacotherapy, the
lower was the proportion of drug used correctly. The analysis proposed cut-off points for the scores of MCRI, and for most
strata, complexity was enough to explain the whole distinction of drug administration. Most patients with MCRI≤ 4.0 (87.5%)
used all their medication correctly in relation to the mode of use, and this relation was demonstrated in third level was
MCRI≤ 2.0 (93.8%). In contrast, the majority of patients (86.0%) with scores MCRI>18.0 used at least one drug incorrectly in
relation to feeding. Health condition number was important for explain drug use in higher than 4.0 through 12.0 MCRI index
in direct way (~20.0% reduction) (Figure1).

Figure 1. Multivariate analysis by the theory of statistical learning of the factors associated with the use (in) appropriate of
drugs with regard to food

DISCUSSION
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In this study, the prevailing patient was female, adult/elderly, with low education, living with a partner and had chronic
diseases, especially cardiovascular and endocrine metabolic diseases. Pharmacotherapy showed a considerable proportion of
inappropriate use of drugs that was strongly associated with the increase in complexity of pharmacotherapy, followed by
health conditions number. In the bivariate analysis, age, number of medications, PDTP and adherence to pharmacotherapy
were also statistically significant. As for healthcare, use of the public system to access services and drug predominated, yet
an absence of explicit guidance on prescription and low access to clinical pharmacist services prevailed.
Once the patient’s recruitment in pharmacies was performed on office hours, the high number of women is justified,
since the working hours of healthcare centers, mainly with regard the primary care, do not meet the male demand. It
happens due to the incompatibility male population availability embedded in the labor market. In turn, the elderly people
21
who do not develop labor activities visit the healthcare centers more frequently . The low schooling is comparable to other
22−25
22, 23
studies
as well as the marital status of the existence of spouse
. This shows the likely external validity of the findings
despite the limitations of cross-sectional studies, such as the impossibility of causal inference and the possibility of memory
bias.
26

The median number of drugs used by respondents was similar to that found by other authors . In other studies, it was
25, 27, 28
higher, yet most studies occurred in different scenarios, such as hospitals
. Drugs that act on the cardiovascular system
and digestive tract were the most prescribed which is consistent with the reported nosological profile of the prevalence of
23, 29-32
cardiovascular and endocrine metabolic diseases, as well as with the findings of other authors
. Some authors, similar
23, 28, 33
to this study, found hydrochlorothiazide as one of the most prescribed drugs
.
34

In Brazil, there is the public funding policy and guarantee of universal access to healthcare technologies . In this study,
23, 24, 35, 36
there was a great use of public services in a manner similar to other Brazilian studies
, notably in regard to access to
23
drugs . However, these findings are different those of other countries in which predominates access by private health
28, 37
insurance
. The WHO’s Global Action Plan for the Prevention and Control of Noncommunicable Diseases (NCDS) aims to
ensure 80.0% availability of the affordable basic technologies and essential medicines required to treat major
38
noncommunicable diseases in both public and private facilities .
Considering the access to health professionals, the number of medical appointments per year was possibly appropriate,
23
given the prevalence of chronic conditions that can be followed up by biannual consultations for controlled patients . That
39
the professional should evaluate potential interactions of clinical importance before prescribing is essential for preventing
health problems. Despite this, it seems that advice to patient about drug-food interactions did not occur or was not written
1, 40
in the prescription. These findings are similar to other studies
. Most spoken information provided during interactions
41
with health professionals is forgotten and there is often little time available for this in consultations . In addition to the
frequent absence of instructions on the prescription, the study also found a lack of clarity or ambiguity that caused
31
interpretation and medication errors . In a study conducted in an elderly Brazilian population, only 37.21% of patients
1
received instructions from their doctor .
Absence of written instructions for patients in prescription, maybe are consequence of verbal education. In an American
study conducted in outpatient primary care clinics, 77.4% of the individuals reported that their doctor explained how to take
40
the medication . However, this type of education requires the patient capacity to process and retain information, which
42
does not always coincide with their ability . Generally, patients prefer a combination of oral instructions and written
43
information , probably due, in part, to the fact that the patients might forget half of what they have been told within five
minutes of a health consultation and remember only 20.0% of the information passed on to them. However, retention of
information by patients can be improved by 50.0% if additional written information is provided, and consequently the use of
written information also maximizes health professionals’ time, helps reduce time spent on repetition of routine information
44
and prevent errors .
Pharmacists as healthcare providers have an obligation to provide guidance to patients on the correct use of their
45
medications . However, clinical pharmacist service was almost inexistent despite it was necessary. Pharmacy technicians
routinely dispense medications and the pharmacist may not be directly involved in counselling and specific patient
40
concerns . The pharmaceutical report a lack of time to fulfil one’s professional obligations due to an increase in their
46
workload .
In contrast to the findings of low provision of aid services to patients post-access to drugs, evidence shows that the
47
pharmaceutical care improves medication use and health results . In one study in intensive care units, drug interactions
48
were reduced in 65.0% by the pharmacist .
49, 50

After interventions by pharmacists to solve PDTP there were greater adherence to pharmacotherapy
and patients
51
report better knowledge about their disease and are satisfied with the pharmacist's work . Some authors have shown that
ISSN : 2351-8014
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52

pharmaceutical interventions can prevent about 60.0% of PDTP , and can reduce the number of drugs, thus promoting
patient adherence and avoiding the adverse reactions, thus contributing to improving the quality of life and decreasing
27
healthcare costs . Highlighting the absence of this type of care in this study, it was identified that 50.0% of respondents had
some PDTP. These results differ from those documented in the literature. In a study conducted in hospitals, a PDTP frequency
52
of 15.7%was found, with the most common being drug interactions . In an emergency service hospital, the prevalence was
53
54
31.6% PDTP . In another study involving only the elderly with chronic diseases, the prevalence was 87.0% .
In multivariable analyses, a complexity of pharmacotherapy and the number of clinical conditions were significantly
associated with use of medicines in relation to food. The association we found suggests that when it is impossible to instruct
all patients about the correct use of their medications in relation to food, patients should be prioritized as the scores of
complexity of pharmacotherapy, taking into account the cut-offs and the number of diseases. Some authors claim,
identification of patients with a highly complex therapy can be used as an indicator to prioritize patients with multiple
16
chronic health conditions number and problems in their pharmacological therapies .
55-57

Complex therapies can also cause a decrease in adherence
. In contrast, our study indicated an increase in adherence
in this type of therapy. We affirm limitation in measure adherence, given the self-report adherence by patient, which can
cause unreliable results associated with information and memory bias.
Medication errors related to incorrect drug administration maybe did drug’s effectiveness be reduced or insecurity
6, 58
increased
. The most common drug administration errors are those with food restrictions, it suggest correct use random
59
. Captopril was the drug in which we observed the most inappropriate use, associated with concomitant food similar to
2, 60
other studies
. The consequence of these medication errors is to reduce the drug absorption by approximately 15.0% to
1, 61-63
64
54.0%
. Between 1999 and 2010, the prevalence of antihypertensive consumption increased from 47.8% to 60.5% ,
which highlights the importance of proper guidance on taking these drugs. The second-most incorrectly used drug was
omeprazole. Its rate, but not the extent, of absorption is affected by food, causing a reduction in the maximum concentration
65, 66
of 63.0% and 24.0% of the area under the curve
.
The results of this study on the types of medication error of administration for food are difficult to compare with the
literature, because most studies have also analysed inadequate doses, drugs taken by the wrong patient, at the wrong time,
12, 14, 29, 67−69
unauthorized drugs prescribed by the doctor and omission in this category
. In a study conducted in a teaching
29
hospital in France, a value of less than 2.3% for medication errors related to the concomitant intake with food was found .
Intervention to solve food-drug use problems can increase health results. In a study conducted in two Dutch hospitals,
there was a reduction of administration errors after interventions to promote the correct administration of drugs in patients
70
with enteral feeding tubes .

CONCLUSION
This study identified low prevalence of drug-food interaction despite few professional patient educations, suggesting
correct use random or due to verbal instructions. Professionals, in general, do not seem to warn their patients to take their
medications on a full or empty stomach, at least in writing. There are indications that health professionals that are aware of
the drug administration process can reduce medication errors and can contribute to the optimization of pharmacotherapy.

ACKNOWLEDGEMENTS
The authors would like to thank the Divinópolis Government, especially Thais Bueno Enes dos Santos and Diego Ribeiro,
Fernanda Silva Reghin, Juliana Miranda Ferreira, Lílian Katarine Silva Lopes e Sarah Geralda Silva Andrade that helped in data
collection

FUNDING
Federal University of São João Del-Rei and the Minas Gerais Research Support Foundation (Fapemig)

COMPETING INTERESTS
We declare no conflict of interest.

ISSN : 2351-8014

Vol. 25 No. 1, Jun. 2016

170

Raiany Thaimeny Nery and Angelita Cristine de Melo

REFERENCES
[1]
[2]
[3]
[4]
[5]
[6]
[7]
[8]
[9]
[10]
[11]
[12]
[13]
[14]
[15]
[16]
[17]
[18]
[19]
[20]
[21]
[22]
[23]
[24]
[25]
[26]
[27]
[28]
[29]

Akamine D, Filho MK, Peres CM. Drug-nutrient interactions in elderly people. Curr. Opin. Clin Nutr Metab Care. 2007;
10: 304–10.
Lopes EM, Carvalho RBN De, Freitas RM De. Análise das possíveis interações entre medicamentos e alimento /
nutrientes em pacientes hospitalizados. Einstein 2010; 8: 298–302.
Won CS, Oberlies NH, Paine MF. Mechanisms underlying food-drug interactions: Inhibition of intestinal metabolism and
transport. Pharmacol Ther. 2012; 136: 186–201.
Varum FJO, Hatton GB, Basit AW. Food, physiology and drug delivery. Int J Pharm. 2013; 457: 446–60.
Bushra R, Aslam N, Khan AY. Food-drug interactions. Oman Med J. 2011; 26: 77–83.
Harrington L, Gonzales C. Food and drug interactions in critically ill adults. Crit Care Nurs Clin North Am. 2004; 16: 501–
8.
Genser D. Food and drug interaction: Consequences for the nutrition/health status. Annals of Nutrition and Metabolism.
2008; 52: 29–32.
Schmidt LE, Dalhoff K. Food-drug interaction. Drugs 2002; 62: 1481–502.
Lindquist LA, Lindquist LM, Zickuhr L, et al. Unnecessary complexity of home medication regimens among seniors.
Patient Educ Couns. 2014; 96: 93–97.
Cheragi MA, Manoocheri H, Mohammadnejad E, et al. Types and causes of medication errors from nurse's viewpoint.
Iran J Nurs Midwifery Res. 2013; 18: 228–31.
Teunissen R, Bos J, Pot H, et al. Clinical relevance of and risk factors associated with medication administration time
errors. Am J Health Syst Pharm. 2013; 70: 1052–6.
Keers RN, Williams SD, Cooke J, et al. Causes of medication administration errors in hospitals: a systematic review of
quantitative and qualitative evidence. Drug Saf. 2013; 36: 1045–67.
McCabe BJ. Prevention of food – drug interactions with special emphasis on older adults. Curr Opin Clin Nutr Metab
Care. 2004; 7: 21–26.
Ernawati DK, Lee YP, Hughes JD. Nature and frequency of medication errors in a geriatric ward: an Indonesian
experience. Ther Clin Risk Manag. 2014; 10:413–21.
Heuberger R. Polypharmacy and food-drug interactions among older persons: a review. J Nutr Gerontol Geriatr. 2012;
31: 325–403.
Ferreira JM, Galato D, Melo AC. Medication regimen complexity in adults and the elderly in a primary healthcare
setting: determination of high and low complexities. Pharmacy Practice 2015; 13(4): 659
Truven Health Analitycs. Micromedex® Drugdex System®. Truven Health Analitycs; 2015.
World Health Organization. ICD-10 Version: 2010. 2014 http://apps.who.int/classifications/icd10/browse/2010/en
George J, Phun YT, Bailey MJ, et al. Development and validation of the medication regimen complexity index. Ann
Pharmacother. 2004; 38: 1369–76.
Melchiors AC, Correr CJ, Fernández-Llimos F. Tradução e Validação para o Português do Medication Regimen Complexity
Index. Arq Bras Cardiol. 2007; 89: 210–8.
Levorato CD, Mello LM De, Silva AS Da, et al. Fatores associados à procura por serviços de saúde numa perspectiva
relacional de gênero. Cien Saude Colet. 2014; 19: 1263–74.
Marin MJS, Cecílio LCO, Perez ADWUF, et al. Caracterização do uso de medicamentos entre idosos de uma unidade do
Programa Saúde da Família. Cad Saude Publica. 2008; 24: 1545–55.
Sousa MCVB, Melo AC, Santos DMSS, et al. Analysis of elderly individuals’ access to and utilization of health services and
prescription drugs and their patterns of use. Lat Am J Pharm. 2012; 31: 1379–86.
Silva AL, Ribeiro AQ, Klein CH, et al. Utilização de medicamentos por idosos brasileiros, de acordo com a faixa etária: um
inquérito postal. Cad Saude Publica. 2012; 28: 1033–45.
Berdot S, Bertrand M, Dartigues J-F, et al. Tavernier B, Ritchie K, Alpérovitch A. Inappropriate medication use and risk of
falls – A prospective study in a large community-dwelling elderly cohort. BMC Geriatr. 2009; 9: 30-40.
Fernandez-Arias M, Acuna-Villaorduna A, Miranda JJ, et al. Adherence to pharmacotherapy and medication-related
beliefs in patients with hypertension in Lima, Peru. Plos One. 2014; 9: e112875.
Sancar M, Mutlu BY, Okuyan B, et al. Determination of geriatric patients’ drug profile and identify their pharmaceutical
care requirements by determining potential risk factors. Eur Geriatr Med. 2011; 2: 280–3.
Crentsil V, Ricks MO, Xue Q-L, et al. A pharmacoepidemiologic study of community-dwelling, disabled older women:
factors associated with medication use. Am J Geriatr Pharmacother. 2010; 8: 215–24.
Berdot S, Sabatier B, Gillaizeau F, et al. Evaluation of drug administration errors in a teaching hospital. BMC Health Serv
Res. 2012; 12: 60–7.

ISSN : 2351-8014

Vol. 25 No. 1, Jun. 2016

171

DO HEALTHCARE PROFESSIONALS EDUCATE PATIENTS ON DRUG-FOOD INTERACTIONS?

[30] Chen Y-F, Dewey ME, Avery AJ. Self-reported medication use for older people in England and Wales. J Clin Pharm Ther.
2001; 26: 129–40.
[31] Ekedahl A. Problem prescriptions in Sweden necessitating contact with the prescriber before dispensing. Res Social Adm
Pharm. 2010; 6: 174–84.
[32] Flores LM, Mengue SS. Drug use by the elderly in Southern Brazil. Rev Saude Publica. 2005; 39: 924–9.
[33] Mendes-Netto RS, Silva CQV, Filho ADO, et al. Assessment of drug interactions in elderly patients of a family health care
unit in Aracaju (Brazil): A pilot study. Afr J Pharm Pharmacol 2011; 5: 812–8.
[34] Araujo JLO, Pereira MD, Del Fiol FDS, et al. Access to Antihypertensive Agents in Brazil: evaluation of the “Health Has No
Price” Program. Clin Ther. 2014; 36: 1191–5.
[35] Baldoni AO, Ayres LR, Martinez EZ, et al. Pharmacoepidemiological profile and polypharmacy indicators in elderly
outpatients. Braz J Pharm Sci. 2013; 49: 443–52.
[36] Pereira VOM, Acurcio FA, Guerra Júnior AA, et al. Perfil de utilização de medicamentos por indivíduos com hipertensão
arterial e diabetes mellitus em municípios da Rede Farmácia de Minas. Cad Saude Publica. 2012; 28: 1546–58.
[37] Hu S, Tang S, Liu Y, et al. Reform of how health care is paid for in China: challenges and opportunities. Lancet 2008; 372:
1846–53.
[38] World Health Organization. Global action plan for the prevention and control of noncommunicable diseases 2013–2020.
2013
[39] Aronson JK. Balanced prescribing – principles and challenges. Br J Clin Pharmacol. 2012;7 4: 566–72.
[40] Serper M, Mccarthy DM, Patzer RE, et al. Patient Education and Counseling What patients think doctors know : Beliefs
about provider knowledge as barriers to safe medication use. Patient Educ Couns. 2013; 93: 306–11.
[41] Bond C, Blenkinsopp A, Raynor DK. Prescribing and partnership with patients. Br J Clin Pharmacol. 2012; 74: 581–8.
[42] Harrington KF, Valerio MA. A conceptual model of verbal exchange health literacy. Patient Educ Couns. 2014; 94: 403–
10.
[43] Borgsteede SD, Karapinar-Çarkit F, Hoffmann E, et al. Information needs about medication according to patients
discharged from a general hospital. Patient Educ Couns. 2011; 83: 22–28.
[44] Angioli R, Plotti F, Capriglione S, et al. The effects of giving patients verbal or written pre-operative information in
gynecologic oncology surgery : a randomized study and the medical-legal point of view. Eur J Obstet Gynecol Reprod
Biol. 2014; 177: 67-71.
[45] Chen C, Liau Y, Wu P. Inpatient satisfaction with TCM medication counseling services provided by pharmacists. Eur J
Integr Med. 2012; 4:e281–288.
[46] Frisk P, Bergman U, Kälvemark-Sporrong S. Exploring community pharmacists’ experiences of surveying patients for
drug utilization research purposes. Int J Clin Pharm. 2015; 37:522-8
[47] Murad MS, Chatterley T, Guirguis LM. A meta-narrative review of recorded patient-pharmacist interactions: Exploring
biomedical or patient-centered communication? Res Soc Adm Pharm. 2014; 10:1-20.
[48] Rivkin A, Yin H. Evaluation of the role of the critical care pharmacist in identifying and avoiding or minimizing significant
drug-drug interactions in medical intensive care patients. J Crit Care. 2011; 26: 104.e1–104.e6.
[49] Neininger MP, Kaune A, Bertsche A, et al. How to improve prescription of inhaled salbutamol by providing standardised
feedback on administration : a controlled intervention pilot study with follow-up. BMC Health Serv Res. 2015; 15: 40.
[50] Hatah E, Tordoff J, Duffull SB, et al. Pharmacists’ performance of clinical interventions during adherence support
medication reviews. Res Soc Adm Pharm. 2014; 10: 185–94.
[51] Tan ECK, Stewart K, Elliott RA, et al. Pharmacist consultations in general practice clinics: The Pharmacists in Practice
Study (PIPS). Res Social Adm Pharm. 2014; 10: 623–32.
[52] Al-Hajje AH, Atoui F, Awada S, et al. Drug-related problems identified by clinical pharmacist’s students and pharmacist's
interventions. Ann Pharm Fr. 2012; 70: 169–76.
[53] Andreazza RS, Castro MS, Köche PS, et al. Causes of drug-related problems in the emergency room of a hospital in
southern Brazil. Gac Sanit. 2011; 25: 501–6.
[54] Chan D-C, Chen J-H, Kuo H-K, et al. Drug-related problems (DRPs) identified from geriatric medication safety review
clinics. Arch Gerontol Geriatr. 2012; 54: 168–74.
[55] Calvo-Cidoncha E, González-Bueno G, Almeida-González CV, et al. Influence of treatment complexity on adherence and
incidence of blips in HIV/HCV coinfected patients. J Manag Care Spec Pharm. 2015; 21: 153–7.
[56] Glombiewski JA, Nestoriuc Y, Rief W, et al. Medication adherence in the general population. PLoS One 2012; 7: e50537.
[57] Gellad WF, Grenard JL, Marcum ZA. A systematic review of barriers to medication adherence in the elderly : looking
beyond cost and regimen complexity. Am J Geriatr Pharmacother. 2011; 9: 11–23.
[58] Marengoni A, Pasina L, Concoreggi C, et al. Understanding adverse drug reactions in older adults through drug – drug
interactions. Eur J Intern Med. 2014; 2: 843–6.

ISSN : 2351-8014

Vol. 25 No. 1, Jun. 2016

172

Raiany Thaimeny Nery and Angelita Cristine de Melo

[59] Rodriguez-Gonzalez CG, Herranz-Alonso A, Martin-Barbero ML, et al. Prevalence of medication administration errors in
two medical units with automated prescription and dispensing. J Am Med Inform Assoc. 2012; 19: 72–78.
[60] Silva LD, Henrique DM. Uso incorreto de medicamentos por pacientes após acidente vascular cerebral. Invest Educ
Enferm. 2011; 29: 187–193.
[61] Leibovitch ER, Deamer RL, Sanderson LA. Food-drug interactions Careful drug selection and patient counseling can
reduce the risk in older patients. Geriatrics 2004; 59: 19–22.
[62] Salvetti A, Pedrinelli R, Magagna A, et al. Influence of food on acute and chronic effects of captopril in essential
hypertensive patients. J Cardiovasc Pharmacol. 1985; 7: 25–29.
[63] Ohman KP, Kagedal B, Larsson R, et al. Pharmacokinetics of captopril and its effects on blood pressure during acute and
chronic administration and in relation to food intake. J Cardiovasc Pharmacol. 1985; 7: 20–24.
[64] Tu K, Anderson LN, Butt DA, et al. Antihypertensive drug prescribing and persistence among new elderly users :
Implications for Persistence Improvement Interventions. Can J Cardiol. 2014; 30: 647–52.
[65] Thomson ABR, Sinclair P, Matisko A, et al.: Influence of food on the bioavailability of an enteric-coated tablet
formulation of omeprazole 20 mg under repeated dose conditions. Can J Gastroenterol. 1997; 11: 663–7.
[66] Andersson T, Andren K, Cederberg C, et al.: Bioavailability of omeprazole as enteric coated (EC) granules in conjunction
with food on the first and seventh days of treatment. Drug Invest. 1990; 2: 184–8.
[67] Bohand X, Simon L, Perrier E, et al. Frequency, types, and potential clinical significance of medication-dispensing errors.
Clinics 2009; 64: 11–16.
[68] Szczepura A, Wild D, Nelson S. Medication administration errors for older people in long-term residential care. BMC
Geriatr. 2011; 11:82.
[69] Berdot S, Gillaizeau F, Caruba T, et al. Drug administration errors in hospital inpatients: a systematic review. Plos One
2013; 8: e68856.
[70] Van den Bemt PMLA, Cusell MBI, Overbeeke PW, et al. Quality improvement of oral medication administration in
patients with enteral feeding tubes. Qual Saf Health Care. 2006; 15: 44-47.

ISSN : 2351-8014

Vol. 25 No. 1, Jun. 2016

173

