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• Mining high-order drug-drug interaction (DDI) induced adverse drug effects (ADEs) from 
electronic health record (EHR) databases is an emerging area, and very few studies have 
explored the relationships between DDIs. 

• We previously studied a novel pharmacovigilance problem for mining directional drug 
interaction effect on myopathy [1] using the FDA Adverse Event Reporting System 
(FAERS) database.

• Given over 1,500 FDA approved drugs, the number of candidate directional ADE effects 
between two drug combinations could be prohibitively huge, and many of these drug 
combinations have zero or very few occurrences in the data. 

• Since different drugs could share similar pharmacological and other properties, grouping 
similar drugs together and performing group-level analysis instead of drug-level analysis 
could dramatically reduce the problem dimensionality, boost the drug-group combination 
occurrences in the data, and yield high-level and interpretable results. 

• Therefore, in this work, we propose to perform high order directional ADE effect analysis 
at the group level, using the Anatomical Therapeutic Chemical (ATC) classification system.

1. BACKGROUND

• We employed the 3rd-level ATC codes to define drug groups using their shared therapeutic 
properties. Each drug group was re-annotated as a new drug, and its interaction with other 
drugs and/or drug groups was treated just like individual drugs. 

• The analysis was applied to the FAERS data (between Q4 2012 and Q2 2015), which were 
de-duplicated and standardized using the AEOLUS pipeline [2]. Using the frequent itemset 
mining FP-Growth implementation, we analyzed frequent ATC combinations in FAERS.

• As shown in Figure 1, we estimated the odds ratio (OR) of the directional myopathy risk 
from taking ATCC1 to taking ATCC1 U ATCC2 , where both ATCC1 and ATCC2 are frequent.

2. METHODS

• The directional drug interactions capture the ADE risks introduced by additional drugs 
taken on top of a set of baseline drugs. These patterns provide novel and valuable 
pharmacovigilance knowledge with potential to impact clinical decision support.

• We proposed an innovative computational framework to perform high order directional 
ADE effect analysis at the group level, where the Anatomical Therapeutic Chemical (ATC) 
codes were employed to define drug groups using their shared therapeutic properties.

• Our results indicate that ATC level groupings allow for targeted analysis on interesting 
drug subgroups, offering a new lens to interpret DDIs that could potentially lead to the 
discovery of previously unknown relationships. 

• Our study has shown that by reducing all the complete ATC codes in the DDI data to a 
lower level, it is possible to investigate myopathy-inducing DDIs from a broader chemical 
scope than the traditional individual-drug analysis. 

• Further biological and chemical analysis on our findings of myopathy-inducing group 
interactions could yield valuable insight on those respective groups and DDIs. In 
particular, these identified ADE signals are at higher-level and potentially easier to 
manage than those discovered at the individual level.

• Selected combinations of antecedent and consequents for ATC code combinations were 
analyzed and top odds ratio findings were reported (Table 1 and Table 2).

• The combination of the ATC codes most present in the odds ratio top findings are shown 
in Table 1. The top finding S01H, S01A --> S01H, S01A, A02B is a two ATC code 
combination of local anesthetics and combinations with antibiotics which when a drug in 
the A02B group representing drugs for Peptic Ulcer and Gastro Osteophageal Reflux 
disease is added produces a drug-drug interaction that leads to a substantial increase in 
the risk of myopathy odds ratio = 43.093. This means that the myopathy risk for patients 
taking the combination of local anesthetics, combinations with antibiotics, and Peptic 
Ulcer and Gastro Osteophageal Reflux disease is 43.093 times higher than that for patients 
taking only local anesthetics and combinations with antibiotics.

4. CONCLUSIONS

3. RESULTS
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Figure 2. Drug network 
visualization. Significant 
odds ratios associated 
with baseline → two ATC 
combinations are shown 
by the edge’s 
transparency within the 
network. The hub 
surrounding V08C, the 
hub at R02A, and the 
hub at H05A are 
highlighted and warrant 
further analysis.


