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Introduction
Drugs are probably the most important medical care technology to prevent diseases, 

disabilities, and deaths in the population. But, due to the increase in the use of medicines, 
the risk of problems related to them also increases [1]. In addition, most medications are 
prescribed and administered in outpatient settings, so drug problems, such as drug adverse 
reactions (DARs) and drug-drug interactions (DDIs), are treated in general medicine [2]. 
Pharmacological interactions are defined as quantitative or qualitative modifications or 
alterations of the effect of a drug caused by the simultaneous or successive administration 
of another drug, medicinal plant, food, beverage or environmental contaminant. This 
modification is usually translated into a variation in the intensity (increase or decrease) of 
the usual effect or in the appearance of a different effect (sub therapeutic, therapeutic or 
toxicological) than expected. The negative effects of IDDs are essentially of two types [3]:

The appearance of ADRs
I.	 The decrease in the effectiveness of the treatment

Although the concept of pharmacological interaction is, strictly speaking, the modification 
that the action of a drug undergoes the simultaneous presence of another in the organism, 
however, interactions can also occur with endogenous physiological substances such as 
hormones, neurotransmitters, enzymes, etc., or with non-pharmacological exogenous 
substances, such as tobacco or coffee. Thus, although the term DDI is commonly used as 
a synonym for pharmacological interaction, healthcare professional must not forget the 
possible existence of drug-other element interactions not strictly drugs. Drug combinations 

Abstract
Drug-Drug interactions (DDIs) are frequent in patients taking several drugs. This 

problem is more important in general medicine both for the number of patients and for 
the number of prescriptions. Although the possible IDDs are too numerous for general 
practitioners (GPs) to remember, it is possible to systematize some recommendations to 
facilitate their identification and prevention in general medicine:

a)	 Comprehensive approach (GP and patient should consider the pharmacological agents 
of holistic way);

b)	 Know the prescribed drugs well (pharmacological arsenal not very extensive and avoid 
polypharmacy); 

c)	 IDDs can be foreseen, and prevented (doing pharmacological history including self-
medication and being attentive to patient situations can increase the risk: number of 
simultaneous drugs, age and severity of the disease, drugs with enzyme metabolism 
P450); 

d)	 The effects of IDDs can be detected by clinical evaluation (most potentially serious 
outpatient interactions involve a limited number of medications); 

e)	 Computerized alarm and detection systems should be developed and used (especially 
to detect CYP450-DDIs in elderly patients); 

f)	 Partnership between pharmacists and GPs (community pharmacies can systematically 
use surveillance systems to identify patients with clinically significant DDIs); 

g)	 The GP must be attentive to the prescription of drugs with greater interaction potential 
(those that undergo biotransformation through a single metabolic pathway, those 
that have a high presystemic elimination or have a hepatic first-pass effect, a narrow 
therapeutic margin with very close therapeutic and toxic concentrations or what they 
have dose-dependent reactions); 

h)	 The GP should remember the specific and important drugs most involved in DDIs 
(NSAIDs, warfarin, methotrexate, antiplatelet agents, selective serotonin reuptake 
inhibitors, beta-2 adrenergic receptor agonists, central nervous system medicines, etc.).
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can show surprising effects, given the effects of individual drugs; 
these are phenomena known as DDIs. Pharmacological interactions 
can be classified as synergistic or antagonistic, if the effect of the 
combination is greater or less than expected, respectively. A better 
understanding of drug interactions and their relationship with 
phenotypes offers hope for finding combinations of medications 
that have high therapeutic values, and may also show risk factors to 
avoid for adverse effects [4]. The mechanisms of pharmacological 
interaction can be subdivided into:

A.	 Pharmacokinetic interactions

B.	 Pharmacodynamic Interactions

Among the former, the interactions that involve the inhibition 
or induction of cytochrome P450 (CYP) enzymes are clinically very 
important. If such interactions cause an increase in systemic drug 
exposure, adverse effects are likely to occur, while a decrease in 
exposure may lead to treatment failure [5]. For example, protease 
inhibitors, a class of antiretroviral agents often used in the treatment 
of HIV infection, interact with numerous transport proteins, resulting 
in clinically significant DDIs. Proteins that carry protease inhibitors 
directly influence the pharmacokinetics of these drugs [6]. There 
is little information on the ADTs in the outpatient setting, and 
although only a small percentage of outpatient visits seem to result 
in prescription combinations with clinically important DDI potential, 
these interactions can have significant implications due to morbidity 
and mortality related to medication [7]. However, it is admitted that 
the prevalence and incidence of clinically observable DDIs is between 
5-10% and up to 25% of patients on pharmacological treatment, and 
the potential DDIs is at least three to five times higher (from 15% to 
50% of patients on pharmacological treatment), and even a nearby 
figure to 100% in geriatric patients on pharmacological treatment [8]. 
And an important aspect is the fact that DDI are avoidable medication 
errors (and yet they are associated with potentially serious adverse 
events and death) [9]. On the other hand, at the level of general 
medicine care, polypharmacy adds more risks to the use of drugs. 
Thus, due to the increasing frequency of polypharmacy in outpatient 
treatments, although a wide variance has been reported in the 
clinical relevance of these DDIs, it can be assumed that the prevalence 
of DDIs will be increasing, and trend is towards increasingly appear 
interactions with more serious or significant effects [10,11].

Consequently, the increasing use of prescription drugs has raised 
concerns about polypharmacy and its effects. Pharmacological 
regimens are increasingly complex and potentially harmful, and 
people with polypharmacy need periodic review and prescription 
optimization. More research is needed to better understand the 
impact of multiple interacting medications as they are used in real-
world practice and to assess the effect of medication optimization 
interventions on quality of life and mortality [12]. Given the diversity 
of drugs, the use of new drugs with few known data about its effects, 
the number of associated drugs that are prescribed, the use of drugs 
outside of any consolidated protocol, the increasingly frequent use 
of drugs for unauthorized indications (off label), and the tendency 
to use higher doses than usual, make IDDs increasingly complex and 
important. On the other hand, the vast majorities of IDDs are not 
described, or are not known, nor are there studies based on DDIS that 
are oriented in outpatient practice. In this scenario, one might ask, 
how should doctors manage patients with multiple diseases to help to 
prevent a cascade of problems that starts with inadequate treatment 
guidelines and moves through polypharmacy to an increased risk 
of DDIs? Providing physicians with alerts about potentially harmful 
DDIs is only moderately effective due to high alert override rates. 
And on the other hand, there is a great variation in the number of 
drugs prescribed by different individual doctors, for the same health 
problems, which suggests that individualized interventions should 
be performed. In addition, one of the biggest challenges in preventing 
DDIs is the substantial gap between theory and clinical practice. 
So, there are no robust methods published for formally assessing 
quality of evidence relating to DDIs, despite the diverse sources of 
information [12,13]. In this complex context there are three major 

actors: the drug, the patient, and the doctor. This article aims, based 
on a selected narrative review and the author’s experience, to reflect, 
synthesize and conceptualize, on how to approach IDD from the level 
of general medicine, and showing its possible implications for clinical 
practice.

Discussion
The possible pharmacological interactions in all possible 

combinations of drugs and chronic diseases are too numerous for 
doctors to remember or for the guidelines to mention. But, although 
it is impossible to remember all the interactions, whether these are 
potential or clinically relevant, pharmacokinetic or pharmacodynamic, 
it is possible to systematize some general recommendations, which 
partly overlap, useful for clinical care, that affect the drug, but also 
to patient, doctor, and community pharmacist, that can facilitate the 
identification and prevention of DDIs at the level of general medicine 
(Table 1, Figure 1).

Integral approach
A multifaceted approach is required that visualizes the patient 

in an integral way and uses the available tools in a more effective 
and integrated way. The general practitioner (GP) should consider 
pharmacological agents holistically [15,16]. On the other hand, drug 
use should be avoided to treat problems that are not “master or main” 
problems, if possible. This would be the first rationalization of drug 
treatment: avoid “shooting pellets” with the dispersion experienced 
by them [11]. The non-pharmacological approach should always be 
considered as a treatment option, especially in minor problems.

It is important to know the prescribed drugs well
The GP must use a not very extensive pharmacological arsenal, 

which he must know in depth, including the interaction potential 
that these drugs entail. Because doctors find it easier to start with 
a new medication than to discontinue an old one, many patients end 
up taking a long list of prescription medications. Patient reviews 
should involve reviewing their medications, and may take into 
account patient preferences. However, a randomized trial in people 
over 70 who took more than six long-term medications suggests 
that the benefit is disappointingly small [17,18]. The GP should 
avoid therapeutic inertia and discuss with the patient the inertia 
that the same patient may have on the continuity of unnecessary, or 
inappropriate or contraindicated drugs.

For example, in some cases of illness (such as in most cases 
of depression, even severe or persistent), they can be treated 
successfully with psychosocial interventions, which are preferred 
by patients, are beneficial for self-esteem and social functioning, and 
have no adverse effects [19]. The use of potentially inappropriate 
drugs is very common among residents of nursing homes, and 
this increases the likelihood of DDI. Monitoring these patients for 
drug use and possible drug interactions could increase the quality 
of the prescription [20]. The GP should remember that, first of all, 

Figure 1: Recommendations to identify and prevent IDDS
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each patient needs a comprehensive evaluation in order to develop 
(doctor and patient together) a personalized therapeutic regimen 
that balances the benefits and harms and takes into account the 
priorities and preferences of the patient. The same evaluation needs 
to consider the many factors that can influence the effectiveness of a 
drug, beyond the narrow efficacy that supports the specific patterns 
of the disease. In older patients, these factors could include cognitive 
and functional impairment, and lack of social support. Second, 
GPs must have the support of technologies properly evaluated and 
integrated into their daily work, such as alerts in the electronic 
prescription system [15].

On the other hand, it should avoid polypharmacy, keeping a 
close eye on clinical responses and ADRs in patients, avoiding using 
off-label drugs, and using the indicated drugs, for the shortest time 
possible and at the lowest appropriate doses. These would be the 
key elements to prevent and control IDD in outpatients. Further, 
polypharmacy is a growing problem, which leads to increased 
morbidity and mortality, especially in older patients with multiple 
diseases. Consequently, there is a need to reduce polypharmacy [21].

DDIs can be predicted (and consequently prevented)
The GP can organize and carry out its work so that it can 

facilitate the identification of an eventual interaction. Certain 
patient situations may increase the risk of having DDIs, such as 
the number of drugs administered simultaneously, the age and 
severity of the disease. Pharmacotherapy in the elderly is a challenge 
due to physiological changes related to age, high interindividual 
variability and increasing frequency of multimorbidity. The resulting 
polypharmacy increases the risk of drug interactions and requires 
an individual risk assessment. It has been documented that some 
drug interactions are associated with damage in older adults, such 
as poisoning, gastrointestinal bleeding or falls. Therefore, this 
evaluation is considered of special importance in the elderly. In 
addition, frequent risk factors and continuous physiological changes 
in the elderly should be taken into account during the risk assessment 
[22]. The prediction of DDI in elderly patients will provide better 
prescription and medication safety. For example, the use of non-
steroidal anti-inflammatory agents, selective serotonin reuptake 
inhibitors and beta-2 adrenergic receptor agonists, should be closely 
monitored [23]. Most of these medications are subject to metabolism 
by CYP enzymes and transmembrane transport. This results in a 
considerable potential for drug interactions [24]. The decision of the 
GP to intervene for possible DDI mediated by CYP depends on the 
clinical judgment in addition to the result of the drug alert software 
programs [25,26]. Therefore, the incidence of DDIs-related ADRs in 
elderly outpatients is high, and most events have important clinical 
consequences and can be preventable or improvable [27], but their 
prevention and management require a systematic development of 
the prospective surveillance system service to: 

a)	 To identify high-risk medications that cause potential IDD in 
outpatients

b)	 For the development of collaborative services among local 
doctors

c)	 For academic research purposes of risk management [27].

Special care should be taken with the prescription and 
therapeutic follow-up of patients who have characteristics identified 
as predictors of IDD risk. This knowledge of possible IDD predictors 
could help develop preventive practices and policies that allow 
public health services to better manage this situation. Among these 
predictors of higher risk, the following have been indicated: female 
sex, the diagnosis of ≥ 3 diseases, and a diagnosis of hypertension. 
On the other hand, it has been reported that the adjusted OR 
increases from 0.90 in patients aged 60 to 64 years to 4.03 in those 
aged 75 years or older. Pharmacological therapy regimens with ≥ 
2 prescribers have an OR of 1.39, those of ≥ 3 drugs have an OR of 
3.21, and the prescription of ≥ 2 drugs that act on CYP an OR of 2.24 
[26]. In addition, special attention should be given to patients with 
pharmacological treatments for arrhythmia or heart failure [26].

As rates of polypharmacy rise and medication regimens become 
more complex, the risk of potential CYP-mediated DDIs is a growing 
clinical concern (especially for older adults). The prevalence of 
potential CYP-mediated DDIs detected among older adults with 
polypharmacy is 80%. The probability of at least 1 CYP-mediated 
DDI is 50% for persons taking 5-9 drugs, 81% with 10-14 drugs, 
92% with 15-19 drugs, and 100% with 20 or more drugs. Addition 
of each medication to a 5-drug regimen confers a 12% increased risk 
of a potential CYP-mediated DDI after adjustment for age and sex 
[25]. A majority (82%) of the prescriptions for potentially interacting 
medications occur in visits involving 5 or more medications. Patients 
over 44 years of age, especially elderly, Medicare beneficiaries in 
USA, and those patients to whom have prescribed by doctor multiple 
medications are at risk for receiving prescription combinations with 
potential for clinically important DDIs [7]. It has also been reported 
that odds of exposure are highest among those aged 65 years or older, 
males, and those with more chronic conditions. Odds of exposure 
increase 1.39 times with each addition of a prescription medication. 
A substantial number of clinically important potential DDIs have been 
identified among warfarin users. In summary, awareness of the most 
prevalent potential DDIs can help practitioners prevent concomitant 
use of these dangerous medication combinations [9].

The effects of IDDs can be detected by clinical evaluation
Clinically relevant DDIs refer to the pharmacological or clinical 

response to the administration or co-exposure of a drug with another 
drug that modifies, in a significant level the clinical response in the 
patient, and are dangerous to patient health. As already mentioned, 
a key point is to keep in mind that, potential IDDs increase with 
the increasing number of concomitant drugs. So, special attention 
should be drawn on patients with polypharmacy and those with 
drug treatments for arrhythmia or heart failure. In this sense, GPs 
should be more aware of possible IDD in these contexts [28,29]. 

Recommendations to Identification and Prevention of IDDS At the Level of General Medicine

1 A multifaceted approach is required that views the patient holistically

2 It is important to know the prescribed drugs well, including the interaction potential that they entail.

3 DDIs can be predicted (and consequently prevented)

4 The effects of DDIs can be detected by clinical evaluation

5 Computerized alarm, detection and communication systems must be developed and used

6 Partnership between pharmacists and GPs to prevent drug-drug interactions

7 The GP must be attentive to the prescription of drugs with greater interaction potential

8 The GP must remember the specific drugs most involved in DDIs

Table 1: Systematization of some recommendations that can facilitate identification and prevention of IDDS at the level of general medicine
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IDDs contribute significantly to the occurrence of ADRs in older 
adults and intervention or prevention programs, such as the use 
of a computerized system, can reduce the burden of iatrogenic 
diseases, which is especially important in the elderly [30]. In any 
case, the GP should always suspect a possible DDI in the presence of 
ADR in polymedicated patients. The reported findings also indicate 
that most potentially serious interactions in outpatients involve 
a limited number of medications, particularly NSAIDs, warfarin 
and methotrexate [27]. Clinically meaningful DDIs are common 
in patients with complex medication regimens. A systematic 
approach for identifying DDIs, determining clinical significance, 
formulating patient-specific recommendations, and communicating 
recommendations is important in the GP clinical practice [31].

Computerized alarm, detection and communication 
systems must be developed and used

It is important to keep a vigilant attitude about suspicions of new 
or poorly known DDIs. Interactions can cause ADRs. ADRs secondary 
to interactions will be notified, like the rest, through the spontaneous 
notification of adverse reactions programs [32,33]. Spontaneous ADR 
notification, despite its limitations, can be an important resource for 
detecting ADR associated with the concomitant use of interacting 
drugs. The GP should apply its surveillance systems to identify high-
risk medications. Patients, particularly the elderly, often receive more 
than one medication at a time. With each drug added to a regimen, the 
number of possible drug interactions (DDI) increases by a power law. 
Early prediction of relevant interactions using computer tools greatly 
helps physicians and can guide their prescription choices. However, a 
reliable computerized surveillance system to monitor potential IDDs 
is not yet fully established [34]. Similarly, IDD detection computer 
systems should be developed to help pharmacists, especially to 
detect CYP-DDIs in elderly patients [35]. Consequently, it is desirable 
to develop a list of clinically important DDIs found in outpatient and 
community pharmacy settings, to be detected by a computerized 
pharmacy system. These systems should take into account the 
various aspects:

1.	 Clinical aspects of IDD (for example, clinical importance, quality 
and quantity of evidence, causal relationship, risk of morbidity 
and mortality)

2.	 Presence of elderly and multi-morbid

3.	 Generation of reports designed to optimize the Current 
prescriptions of older patients by applying the STOPP and START 
criteria, highlighting pharmacological interactions and providing 
non-pharmacological recommendations aimed at reducing risk 
[36,37]. 

In any case, there is evidence that guidelines and good 
computerized prescription support tools can alert doctors to possible 
problems efficiently, helping to improve prescription and reduce 
interactions [15]. The European Medicines Agency has already 
suggested that spontaneous reports of adverse events can be used 
to identify patterns of interactions between drugs that were not 
apparent before drug authorization [15]. To avoid IDDs, reliable 
information on all medications used by each individual should be 
available at the point of care. Clinically relevant DDI knowledge 
databases must be updated and accurate. To adapt the “magic bullet” 
to the individual, in the future will be necessary a new genomic and 
proteomic knowledge about the individual [38].

Partnership between pharmacists and GPs to prevent 
DDIs 

Although DDIs are an important cause of ADRs and are usually 
predictable and preventable, for their prevention and management 
it is required a systematic development, and it is unclear how 
community pharmacists could contribute to the management of 
DDIs when applying its surveillance systems to identify high-risk 
medications. What is established is that community pharmacies 
can actively contribute to the management of IDDs risk and 

systematically use their surveillance systems to identify patients 
with clinically significant IDDs. It should be borne in mind that the 
majority of potentially serious interactions in outpatients involve a 
limited number of medications, which may facilitate the organization 
of surveillance. Additional research should focus on the participation 
of community pharmacists in the management of IDDs risk in 
collaboration with GPs [27]. In the context of community pharmacy, 
pharmacist-patient communication can vary from brief counselling 
episodes to extensive pharmaceutical care consultations. Many 
community pharmacies have developed practices to facilitate the 
effective delivery of pharmaceutical care, particularly to chronic 
patients, although the nature and scope of services differ widely from 
one country to another. The usefulness of the pharmacist-patient, 
and GP-pharmacist interaction, and its involvement in the detection 
and prevention of IDDs should be explored to improve patient care 
and optimize specific results [39-41].

The GP must be attentive to the prescription of drugs 
with greater interaction potential

Not all drugs have the same risk profile to induce interactions. 
The drugs with the greatest potential for interactions are those that 
undergo biotransformation through a single metabolic pathway, 
those that have a high presystemic elimination or have a hepatic first-
pass effect, those that have a narrow therapeutic margin with very 
close therapeutic and toxic concentrations or which present dose-
dependent reactions [3]. The prescription of drugs that significantly 
inhibit or induce metabolizing enzymes should be avoided, and 
however, GP should prescribe drugs that are eliminated by several 
metabolic pathways or that do not have serious consequences if 
their metabolism is prolonged or reduced, and he could control drug 
plasma concentrations especially when adding an enzyme inducer 
or inhibitor [42,43]. It is worth highlighting the current therapeutic 
complexity and the difficulty of the GP to knowing by their own means 
the potential and described IDDs. But, thanks to the new information 
technologies, databases have acquired a great prominence, which 
thanks to their integration in prescription systems or electronic 
medical records allow them to be detected before they occur, or to 
establish control mechanisms to that, if they occur, the risk to the 
patient is minimal. These systems should be limited to detecting 
only IDDs that may cause harm to the patient and avoid the so-called 
“alert fatigue”, which occurs when health professionals receive a high 
number of alerts, including those that are trivial or inappropriate 
for their patients. In this sense, it is important that the GP be able 
to select the most suitable database of IDDs with a catalog of IDDs 
appropriate to clinical care practice, far from theorizing and with the 
minimum possibility of generating false alerts [42].

The GP must remember the specific and important 
drugs most involved in DDIs

A limited number of medications have been implicated in 
potentially severe outpatients DDIs, particularly [9,23,27,28,44-49]: 

A.	 NSAIDs (one of drug groups with the most commonly DDIs)

B.	 Warfarin and methotrexate

C.	 The interaction with digoxin and diuretics

D.	 The combination of anticoagulant and antiplatelet agents

E.	 The use of selective serotonin reuptake inhibitors, beta-2 
adrenergic receptor agonists

F.	 Drug combinations are between central nervous system 
medicines

G.	 The combinations of theophylline / aminophylline and 
ciprofloxacin / fluvoxamine, warfarin and barbiturates

H.	 The use of amiodarone which interacts with potassium-wasting 
diuretics, digoxin, simvastatin and acenocoumarol.

I.	 The use of pimozide and an azole antifungal with warfarin or a 
nonsteroidal anti-inflammatory drug (NSAID)
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J.	 Cyclosporine and rifamycin

K.	 The use of statins due to pharmacotherapy of co-morbidities

L.	 The antineoplastic and antiretroviral therapies

M.	 And the use of omeprazole, diazepam, and calcium 

It should be taken into account that the frequency of IDDs is 
usually obtained from the frequency of use of each drug and the 
number of serious interactions in which it has intervened, so a bias 
is introduced in favour of drugs frequent use, since the number of 
serious interactions, in which a drug intervenes, also depends on the 
frequency with which it is used [49].

Conclusion
In all settings, there are challenges associated with the safe 

drug treatment of patients, especially with multimorbidity and 
polypharmacy. But, this problem is more important in outpatients 
both for the number of patients and the number of prescriptions, 
and for the lack of data compared to the hospital setting. The need 
to characterize, understand and limit the damages resulting from the 
use of medications is, therefore, increasingly important in general 
medicine. The DDIs are frequent in patients taking several drugs. 
Although IDDs cannot be avoided in many cases, and in routine 
medical practice it is often impossible to avoid them, they can present 
a considerable risk to the outcome of the treatment and the patient’s 
health. However, many other IDDs can be predicted and avoided or 
controlled. The GP must have a vigilant role regarding IDDs. The GP 
must know the possible interferences between the medications taken 
by the patient, documenting by means of a good clinical history of 
the drugs that he takes including possible self-medication or that 
were prescribed by other doctors. If there is a risk of interaction, 
the GP must take the necessary precautions to detect, prevent or 
avoid them. In case of a suspected interaction, the pharmacological 
treatment should be suspended, whenever possible, communicated, 
document the suspicious association and reintroduce it according 
to the information obtained. Likewise, it is recommended not to use 
drugs to treat the consequences of interactions. Finally, the GP must 
do all that contextualizing in the particular case of each patient.
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