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Abstract

Objective: To determine the incidence and clinical characteristics of
antiepileptic drugs (AEDs) related adverse reactions (ADRs) in out-patients
who received first prescription of AEDs. Methods: In this retrospective cohort
study, out-patients at Chiangrai Prachanukroh Hospital, Thailand receiving
first prescription of antiepileptic drugs between 1 July 2018 and 30 June 2019
were evaluated. Demographic characteristics of the patients and ADRs were
summarized using descriptive statistics. Differences between two groups
(patients with and without ADRs) were compared using Chi-square test or
Fisher's exact test for continuous variables and student t-test or Mann-
Whitney U test for continuous variables, as appropriate. A two-sided P-value
< 0.05 was considered statistically significant. Results: Among the 9,840
patients recruited, the most frequently prescribed drug was non-aromatic
AEDs (7,925 cases or 80.54%). The incidence ADRs from AEDs was 45 in
9,840 patients (0.46%). Patients with ADRs were significantly younger than
those without ADRs (13.65 + 24.78 and 51.86 + 18.63, respectively, P-value
< 0.001). There were significantly more patients aged < 15 years when first
receiving AEDs in those with ADRs than those without ADRs (77.79% and
3.60%, respectively, P-value < 0.001). No significant difference regarding
gender was found. Skin reactions were the most found ADR (93.33%) with
maculopapular rash as the most symptom found (53.33%). Phenytoin was
the most common cause of ADRs. Conclusion: The incidence of ADRs from
AEDs was 0.46% with skin reactions as the most ADR symptoms (93.33%).
Surveillance of ADRs is strongly recommended for as the safety of AEDs

and all first prescription of medications.

Keywords: antiepileptic drugs, adverse drugs reactions, skin reactions,

severe cutaneous adverse reactions
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Introduction

Adverse drug reactions (ADRs) are a major public health
concern, and play an important role in patient compliance. The
symptoms of ADRs can range from mild discomfort such as
drowsiness, nausea, vomiting and skin symptoms to life-
threatening conditions that can cause of death.

Antiepileptic drugs (AEDs) can cause hypersensitivity
reactions with a wide clinical spectrum of reactions, ranging

from a mild rash to severe cutaneous reactions and death. In
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recent years, antiepileptic drugs (AEDs) have been
increasingly used for the treatment of several non-epileptic
neurological conditions and psychiatric disorders.”® The
prevalence of AEDs adverse drug reactions varied from 10 to
more than 70%.3 Rash is commonly a benign exanthematous
eruption, which disappears within a few days after
discontinuation of the drug. However, severe life threatening

reactions could occur. These reactions include Stevens—
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Johnson syndrome (SJS) and toxic epidermal necrolysis
(TEN) characterized by focal or extensive detachment of
epidermis and erosions of mucous membranes, and
hypersensitivity syndrome characterized by fever, skin rash,
and systemic manifestations such as hepatitis and
eosinophilia. Benign rash reactions like maculopapular rash
and exanthematous eruption are relatively common with
aromatic AEDs (i.e., phenytoin, carbamazepine, and
phenobarbital) with a frequency ranging from 5 to 15% of
treated individuals.?® Though hypersensitivity to AEDs is less
common, the risk of severe allergy (e.g. Stevens-Johnson
syndrome; SJS) is higher in AEDs.>* Mortality rate of SJS, a
life-threatening ADR, could be as high as 5-10%.°

According to the World Health Organization (WHO),
pharmacovigilance also known as the “drug safety” is the
science and activity relating to the detection, assessment, and
prevention of adverse effect.’ The importance of post-
marketing surveillance is emphasized because ADRs cannot
be fully detected during the premarketing developing process.
Current trends in pharmacovigilance systems are veering
towards patient involvement in the spontaneous reporting of
ADRs.*7 Most drug allergies including AED induced allergic
reactions may occur after the start of new treatment or after
exposure to the first drug.

Chiangrai Prachanukroh Hospital, in the north of Thailand,
had set up vigilance system since 2006 to prevent serious
drug allergies in patients receiving drugs with high allergy risk
for the first time. AEDs were one of the medications with such
high risk of allergy. The patients were advised on how to self-
monitor prodromal symptoms of severe AED allergies which
could prompt them to seek urgent medical attention. In
Chiangrai Prachanukroh Hospital, the patients were guided to
see the pharmacist. ® The prospective surveillance system
may help serious AED allergies in patients receiving the drug
for the first time. The system could also indirectly help detect
more AED allergies resulting more report numbers. This study
aimed to determine the incidence of ADRs and clinical

characteristics of antiepileptic drugs (AEDs) related ADRs in

out-patients who received first prescription of AEDs.

Methods

In this retrospective cohort study, population was all
patients of Chiangrai Prachanukroh Hospital receiving first

prescription of AEDs or new users of AEDs without any
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specified indication. The sample was those receiving care
from July 1, 2018 to June 30, 2019. The exclusion criteria
were patients with insufficient data from their medical records
or those who had had no clinic visits within three months after
the inclusion date.

AEDs available in Chiangrai Prachanukroh Hospital were
divided into 2 groups according to the structural formula
namely aromatic AEDs (carbamazepine, phenytoin,
phenobarbital, and lamotrigine) and non-aromatic ring AEDs
(valproate, levetiracetam,

gabapentin, clonazepam, and

topiramate).

Data collection procedure

Data of participants including sex, age at first receiving
AEDs, AED used, and AED allergy were collected from the
Chiangrai Prachanukroh Hospital outpatient database
(conventional OPD card and medical electronic program). In
patients with ADR related with AED, we collected the data of
clinical manifestations diagnosed by physician and time
interval from the date of first receiving drug to the date of ADR
occurrence (onset of ADRs).

Our surveillance system for adverse drug reaction
monitoring consisted of three components. First, we had the
system to identify the patients receiving first prescription of the
drugs with high risk of severe skin reactions. These drugs
included sulfonamides, anti-tuberculosis agents, antiretroviral,
antiepileptic drugs, and antigout agents. For a given patient, if
any of these drugs was prescribed for the first time, the patient
was defined as the one with a high risk of drug allergy. The
patient was given the alert card for drug allergy and relevant
information and advice for self-monitoring. Second, we had in
place the counseling service. For out-patients, they were given
this service once they were defiend as at risk of drug allergy.
In this counseling service, advice educational materials such
as brochures about serious skin adverse reactions and
symptoms of suspected ADRs were provided. Third, for every
patient on drugs with high risk of hypersensitivity including
AEDs, we had an intensive monitoring schedule planned out
especially for the first 3 months after the start of the drug.®
Once the patient approached the hospital with the suspected
ADR, the causality of the ADR was evaluated based on the
WHO-UMC criteria® by the clinical pharmacist and the
diagnosis was made by the physician. Data of all processes
were recorded in the conventional OPD chart and medical

electronic database.
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The diagnosis of adverse drug event was based on the
diagnostic criteria proposed by the physician. For example, Stevens-
Johnson syndrome (SJS) was characterized by the severe
separation of the epidermis from the dermis and hemorrhagic
erosions of the mucous membranes. The characteristic of
toxic epidermal necrolysis (TEN) was similar to SJS but the
widespread exanthema or blisters with skin detachment in
TEN was > 30% of the body surface area. Drug rash and
eosinophilia with systemic symptoms (DRESS) or drug
hypersensitivity syndrome (DHS) was defined as (1)
cutaneous drug eruption (2) adenopathy > 2 cm in diameter
or hepatitis (liver transaminases > 2 times of normal) or
interstitial nephritis or interstitial pneumonia or carditis, and (3)
hematologic abnormalities eosinophilia. Thrombocytopenia

was defined as a platelet count < 150 x 10 per pl. *'

Participant right protection

The local Ethical Commission of Chiangrai Prachanukroh
Hospital approved this study (approval number: EC CRH
025/63).

Statistical analysis

Demographic characteristics of the patients and
characteristics of adverse drug reactions (ADR symptoms and
date of ADR occurrence) were summarized using descriptive
statistics (frequency with percentage and mean with standard
deviation). Between the two groups (AEDs patients with and
without ADRs), frequency of categorical variables including
sex, age group, drug group (aromatic and non-aromatic AED),
and each individual drug were compared using chi-square test
or Fisher's exact, as appropriate. Differences of mean of age
was compared by using student t-test (for data with normal
distribution) or Mann-Whitney U test (for data with non-normal
distribution), as appropriate. A two-sided P-value < 0.05 was

considered statistically significant.

Results

Of the 9,840 patients recruited, more female (5,459 or
55.48%) than male (4,381 or 44.52%) patients were found
(Table 1). The mean age at first receiving AEDs was 51.68 +
18.84 years. Gabapentin was the most frequently prescribed
AED in this study (5,649 in 9,840 cases, or 57.41%). The most
frequently prescribed drugs were non-aromatic AEDs (7,925

cases or 80.54 %). The most frequently prescribed drugs in
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the non-aromatic AEDs in descending order were gabapentin

(71.28%), clonazepam (17.51%), valproate (8.16%),

levetiracetam (1.98%), and topiramate (1.06%). Aromatic
AEDs were prescribed in 1,915 patients (19.46%). The most
frequently prescribed aromatic AED was phenytoin (83.92%);
while carbamazepine (6.37%), phenobarbital (6.06%), and
lamotrigine (3.66%) were much less prescribed.

The incidence of adverse drugs reactions from AEDs was
45 in 9,840 patients (0.46%). We compared 45 patients
receiving AEDs with ADRs and 9,795 patients without ADRs.
There were 64.44% of female patients among those with
ADRs and 55.44% amond those without ones (P-value 0.234).

Patients with ADRs were much younger than those without
ones (13.65 £ 24.78 vs. 51.86 = 18.63 years, respectively, P-
value < 0.001). Consequently, there were more patients with
ADRs (77.79%) than those without ADRs (3.60%) that
received AEDs at age < 15 years with statistical significance
(P-value < 0.001). On the other hand, there were more
patients without ADRs than those with ADRs that received
AEDs at age > 15 years.

Among patients with ADRs, 84.44% of them used aromatic
AEDs; while among those with no ADRs, only 19.16% of them
used aromatic AEDs (P-value < 0.001). Once only aromatic
AEDs were considered, the proportion of each drug between
those with and without ADRs was statistically significant (P-
value = 0.006). Similarly, for the non-aromatic AEDs, the
proportion of each drug between those with and without ADRs
was statistically significant (P-value < 0.001).

Characteristics and onset of adverse drug reactions

Phenytoin was the most common ADE causing ADR when
both aromatic and non-aromatic ADEs (25 out of 45 events,
or 55.56%), and only aromatic ADEs (25 out of 38 events, or
65.79%) were considered (Table 2). Valproate was the most
common non-aromatic antiepileptic drug (57.14%). The onsets
of AED induced ADRs varied with valproate having the longest
onset (30.50 + 16.22 days), followed by phenobarbital (19.25
+ 13.57 days), phenytoin (16.20 £ 14.53 days), lamotrigine
(9.80 + 4.97 days), and carbamazepine (4.88 + 5.11 days)
(Table 2).

Among 45 patients with AEDs induced ADRs, most of
them had monotherapy AED (95.56%) (Table 3). The majority
had one ADR (84.44%) while the rest 15.56% had two. Most

events were skin reactions (93.33%).
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Table 1 characteristics of the patients receiving anti-
epileptic drugs (AEDs) with and without adverse drug reactions

(ADRs) (N = 9,840).

With ADRs Without ADRs
Total
Factors (n =45) (n =9,795) P-value
N % N % N %
Sex
Female 5459 55.48 29 64.44 5,430 55.44 0.234*
Male 4,381  44.52 16 35.56 4,365 44.56
Age at first receiving AEDs (years)
<15 388 3.94 35 77.79 353 3.60 < 0.001*
16 - 30 1,142 11.60 1 222 1,141 11.60 0.057*
31-40 1,101 11.19 2 4.44 1,099 11.22 0.231*
41 -50 1,409  14.32 1 222 1,408 14.37 0.017*
51 -60 2,206 2242 1 222 2,205 22.52 < 0.001*
61-70 2,187 22.23 3 6.67 2,184 22.30 0.011*
>70 1,407 14.30 2 4.44 1,405 14.34 0.056
Mean + SD 51.68 +18.84 13.65 £24.78 51.86 +18.63 < 0.001**
AEDs
Aromatic AEDs 1,915  19.46 38 84.44 1,877 19.16 < 0.001*
Non-aromatic AEDs 7,925 80.54 7 15.56 7,918 80.84
Aromatic AEDs
Carbamazepine 122 6.37 4 10.53 118 6.29 0.006*
Phenytoin 1,607 83.92 25 65.79 1,682 84.28
Phenobarbital 116 6.06 4 10.53 112 5.97
Lamotrigine 70 3.66 5 13.16 65 3.46
Non-aromatic AEDs
Valproate 647 8.16 4 57.14 643 8.12 < 0.001*
Gabapentin 5,649 71.28 1 14.29 5,648 71.33
Levetiracetam 157 1.98 1 14.29 156 1.97
Clonazepam 1,388 17.51 0 0 1,388 17.53
Topiramate 84 1.06 1 14.29 83 1.05

* Fisher's exact test.

** Mann-Whitney U test.

Table 2 Frequencies of anti-epileptic drugs and date of

onset of adverse drug reactions (N = 45 patients).

%

Antiepileptic drugs n Onset (days), mean+ SD

within
overall

group
Aromatic antiepileptic drug (n = 38)
Phenytoin 25 65.79 55.56 16.20+ 14.53
Lamotrigine 5 13.16 1.1 9.80+4.97
Phenobarbital 4 10.53 8.89 19.25+13.57
Carbamazepine 4 10.53 8.89 4.88+5.11
Non-aromatic antiepileptic drug (n=7)
Valproate 4 57.14 8.89 30.50+16.22
Gabapentin 1 14.29 222 1.00+0.00
Levetiracetam 1 14.29 222 2.00+0
Topiramate 1 14.29 2.22 5.00+0
Clonazepam 0 0 0 0

Total 45

Table 3 ciassification of patients using anti-epileptic drugs
(AEDs) with adverse drug reactions (ADRs) (N = 45 patients).

Classified by N %
Number of AEDs exposed
Monotherapy (1 AED) 43 95.56
Polytherapy (2 AEDs) 2 4.44
Number of ADRs
one ADR 38 84.44
two ADRs 7 15.56
Type of ADR
Skin reactions 42 93.33
Non-skin reactions 3 6.67
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The most common of ADR was maculopapular (MP) rash
(24 events in 45 patients or 53.33%) which was mostly caused
by phenytoin (14 out of 24 events, or 58.33%) (Table 4). Of
the eight patients (17.78%) suffering from severe cutaneous
adverse reactions (SCARs), 3 and 5 of them had Stevens-
Johnson syndrome (SJS) and drug reaction with eosinophilia
and systemic symptoms (DRESS), respectively. One of the
SJS patients used combined AEDs (phenytoin and valproate).
The most common AED that caused SCARs was phenytoin,
followed by valproate and phenobarbital. In patients with
ADRs, 3 cases (6.67%) experienced ADRs other than skin
reaction. Specifically, nausea vomiting (N/V),
thrombocytopenia, and amenorrhea were experienced by one
patient each using gabapentin, carbamazepine and valproate,
respectively. No patients experienced both skin and non-skin

reactions.

Table 4 the frequency of adverse drug reactions

symptoms (N = 45 patients).

&
2 £ 8
F= i @ > S
2 B 1) 7 § 3 5 >
= = w = E
Sl & » o E 5 o Z
= = a = & £
[ii} [ S 5
o (6] £
=
Phenytoin (n = 25)t 2 14 1 A 4 2 3 1
Lamotrigine (n = 5)1' 4 1 1
Valproate (n = 4) 1 1% 1 1
Carbamazepine (n = 4)T 1 1 1 1 1
Phenobarbital (n = 4)t 2 11 1
Gabapentin (n = 1) 1
Levetiracetam (n = 1) 1
Topiramate (n = 1) 1
Total 3 24 3 4 5 3 5 2 1 1 1
(45 cases, 52 events) @®

* Severe cutaneous adverse reactions (SCARs).

t Some patients had 2 symptoms of ADRs.

* Combined AEDs (of the three patient with SJS, one had phenytoin with valproate, one with phenytoin only,
another one had phenobarbital only. Based on medications, there were four cases, but only three patients
affected).

Discussions and Conclusion

Our study found that the incidence of overall ADRs from
AEDs (0.46% or about 4:1,000 or 45 in 9,840 AED patients)
was lower than other studies.'>'* The average rate of AED
induced skin reaction fund in our study was 43 in 9,840 or
0.44%; while the overall ADR rate in southern China was
58.88% (1,807 of 3,069 patients). '2 A skin reaction to at least
one AED was found in 10% of patients (10%) in Kielce,
Poland.”® A previous retrospective chart review reported an
average rate of AED-associated rash of 2.8%."* Discrepancy

between our study and others could be due to differences in
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races or populations enrolled, offending drugs, and study
designs.' For example, patients aged 18 — 90 years with
epilepsy or epileptic syndromes were included in the study in
Kielce, Poland'®; while patients using AEDs regardless of
indications and age were included in our study.

In accordance with previous studies, this study showed
higher rates of adverse drug reactions in patients treated with
aromatic AEDs compared with non-aromatic AEDs.>*11316
Epidemiologic and clinical analysis of drug hypersensitivity
reactions (DHRs) in hospital-based series of pediatric patients
from different countries showed that AEDs were frequently
within the top 5 implicated drugs for the whole spectrum of
clinical presentations.' Aromatic AEDs had 2 to 5 times
higher rate of DHRs than new generation and/or nonaromatic
AEDs in hospitalized and outpatient populations.™ Aromatic
ring in AEDs in can form an arene-oxide that may become
immunogenic through interactions with proteins or cellular
macromolecules. This hypothesis suggests that this structural
commonality between AEDs may be responsible for
hypersensitivity reactions. ” Another argument supporting this
hapten hypothesis is the rate of cross sensitivity that has been
reported among patients using aromatic AEDs. The rate has
been reported to be as high as 80%-87%.” In this study,
phenytoin was the most frequent AED that induced ADRs (25
in 45 cases, or 56%). Some of previous studies reported
phenobarbital® and carbamazepine.'

Multivariate analysis in large group of patients from UK
and Europe reported no difference in ADRs between sexes.
However, smaller studies and those from China and a large-
scale population study in children showed that AED-related
skin reactions developed significantly more often in female
than male patients.2*'2'® Qur study found more ADRs in
female than in male patients but no statistical significance
(64.44% vs. 35.56%, P-value = 0.234).

For the factor of age, previous studies reported the
frequency of rashes tended to increase with age.”®'® However,
a study reported different trend.'? Children younger than 12
years old and adults older than 64 years old had higher risks
for SCAR as reported in a study.' Another study reported that
children younger than 5 years old had 3 to 5 times the risks
for SCAR and other rash related to AEDs than other age
groups.'® Our study found the children aged 15 years or
younger had a higher risk of ADRs as 77.79% of patients of
this age were found among those having ADRs and 3.60% of

them among those not having any (P-value < 0.001). On the
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other hand, more patients aged 16 years or older were found
among those with ADRs than those without the events. Hence,
mean age of patients with ADRs was much lower than those
without ADRs (13.65 + 24.78 vs. 51.86 + 18.63 years, P-value
< 0.001). Thus, it is important to inform the patients and
closely monitor ADRs when starting AEDs to patients aged 15
years or younger.

This study showed a significant difference in frequency of
each AED regarding ADRs both in aromatic and non-aromatic
AEDs (P-value = 0.006 and < 0.001). Skin reaction was the
most adverse drug reaction from AEDs in this study (42 in 45
cases, or 93.3%). The most common skin reaction was
maculopapular rash (24 in 45 cases, or 53.33%) with
phenytoin as the most offending drug which was consistent
with a previous study reporting that MP rash was commonly
associated with carbamazepine and phenytoin.* Eight patients
with skin reactions (17.78%) suffered from severe cutaneous
adverse reactions (SCARs). Three of eight patients had
Stevens-Johnson Syndrome (SJS), and five patients suffered
from drug reaction with eosinophilia and systemic symptoms
(DRESS). Because of not controlled seizure, the physician
prescribed valproate for a SJS patient currently taking
phenytoin during the study period (polytherapy). The most
common AED that caused SCARs was phenytoin, followed by
valproate and phenobarbital. The previous study about
antiepileptic drugs using Korean adverse event reporting
system database showed that most adverse skin reactions
associated with AEDs were benign rash or urticaria (91.8%),
but severe or fatal skin reactions were not rare, occurring in
up to approximately 8% of cases."" The common causative
AEDs were lamotrigine, valproate, carbamazepine,
oxcarbazepine, and levetiracetam."" The data from a web-
based Korean SCARs registry showed that carbamazepine,
lamotrigine, valproate, phenytoin, and levetiracetam were the
most common culprit drugs causing SCARs in Korea.”

In spite of our surveillance system and special counseling
in preventing serious drug allergies in patients receiving first
prescriptions, we found ADRs other than skin reaction. There
were a case of gabapentin-induced nausea and vomiting, a
case of carbamazepine-induced thrombocytopenia, and a
valproate-induced amenorrhea. These results showed that the
patients were concerned with the adverse drug reaction when

drugs with high risk were given. As seen in our findings, some

patients had non-severe ADR symptom in addition to skin
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reactions and they sought medical attention before it became
more severe.

Thrombocytopenia defined as a platelet count < 150 x 10°
per pl'® was the most common carbamazepine-related
hematologic reaction reported to the manufacturer from 1985
to 1987, with 31 of 80 reports involving platelet
abnormalities.’® The minor decrease in platelets occurred in
approximately two percent of the patients and reversed with
case of

CBZ discontinuation.” Our study found 1

carbamazepine-induced thrombocytopenia. The onset of
carbamazepine-induced thrombocytopenia in this study was 5
days after receiving while the onset from previous report was
6 days to 300 days.”® Although the mechanism of
carbamazepine-induced blood dyscrasias is unknown,
carbamazepine-dependent antiplatelet antibodies in a patient
who developed thrombocytopenia provided support for an
immune mechanism of thrombocytopenia.’® However, it is
proposed to be an allergic or toxic reaction. All AEDs have
been associated with hematologic reactions. '*'>'” Thus, it is
very important to carefully monitor haematological parameters
during follow-up. The patient should be educated monitor and
to report signs and symptoms of possible hematologic
abnormalities such as infections, fever, fatigue, ecchymosis,
and bleeding through mucous membranes especially in the
first year of AED therapy.'®'17

Our study found 5 patients in 70 new users of lamotrigine
(7.14%) suffered from skin ADRs. All of patients allergic to
lamotrigine had AED monotherapy. Most of them started with
lamotrigine 50 mg/day and only 1 patient started with a
titration of lamotrigine 25 mg/day for 3 days then 50 mg/day
before the allergic reaction occurred. The previous study also
reported rash was a common side effect of lamotrigine with
an incidence of 8.3%. Previous data showed the risk of a
severe rash from lamotrigine was reduced by over 10 folds
with slow titration schedule such as 25 mg fortnightly
increments. The risk of rash is increased when lamotrigine is
prescribed with valproate. Since valproate competitively

inhibits lamotrigine glycoxidation in the liver, half-life of

lamotrigine is increased. lamotrigine is a relatively well
tolerated AED, with a wide spectrum of efficacy.* In some
reports the frequency of the rash caused by carbamazepine
and lamotrigine seems to be related to the starting dose. Both
drugs are more likely to cause rashes when the initial dose is
high.*'® Thus, it is important to start ADEs with slow titration

and carefully monitor adverse drug events.*'®
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Our study found 1 patient suffered from valproate induced
amenorrhea. The mechanism for this event was the
associated risk of polycystic ovarian syndrome from valproate.
However, relationship between valproate, polycystic ovaries,
and polycystic ovarian syndrome (menstrual irregularity and
clinical evidence of hyperandrogenism) remains controversial
because there are other risk factors associated with an
increased risk of this syndrome such as patients with epilepsy
and obesity.'®

For the onset of ADRs, previous study showed rash onset
was within days to 2 - 8 weeks, and within 2 months in some
reports.*5111% Our study showed that the mean onset of ADRs
after AED initiation were 30.50 + 16.22 days for valproate,
19.25 + 13.57 days for phenobarbital, 16.20 £ 14.53 days for
phenytoin, 9.80 £ 4.97 days for lamotrigine, and 4.88 + 5.11
days for carbamazepine. These findings could be useful in
advising patients and healthcare providers for intensive
monitoring on adverse drug reactions. Prevalences of ADRs
to AEDs varied according to the populations enrolled,
offending drugs, and study design. Current scientific advances
have found that genetic markers are useful to predict
individuals susceptible to AED hypersensitivity.'

This study had certain limitations. The study included only
new users of AEDs with all indications. A diverse array of
indications could result in a vast difference in prevalence of
ADRs. As a result, the number of ADR incidences could not
be highly precise. Since it was a retrospective investigation on
the database, we could not confirm whether the patients
actually took the prescribed medications. In addition, this
generalizability our findings to other parts of Thailand should
be cautious since only patients and medical practice in
Chiangrai were studied. Finally, other factors such as previous
drug allergy and genetic factors were not studied. The
outcomes and possible related factors could not fully be
explained. Therefore, it is recommended that further studies
incorporing a broader range of potential factors and in a larger

and more diverse patient demographics should be conducted.
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