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Abstract

Background: Adverse Drug Reaction-related Hospital Admissions (ADRA) represent a significant impact on clinical problem and healthcare expenditure.
This study aimed to determine the clinical manifestations, prevalence and cost burden from ADRA in the context of Chaophrayayommarat hospital, regional
hospital level, Thailand. Methods: An observational study of adult patients who unplanned hospital admissions to Chaophrayayommarat hospital caused
by adverse drug reactions (ADRs) during May 2024 — March 2025. The prevalence of ADRs, their economic burden from the hospital perspective, severity,
and preventability were assessed using standard criteria. Results: Out of 23,247 hospital admissions, 217 ADRA have been identified. The incidence of
ADRA was 0.93% (95% Cl 0.81-1.06). Antimicrobial agents related ADRs, Non-Steroidal Anti-Inflammatory Drugs (NSAIDs) and Anti-diabetic were the
commonest ADRs seen accounting for 27.18, 13.36, and 14.28 events respectively out of the 217 events. Out of 217 events, 143 (65.89%) were identified
as the potential preventability of ADRA. The total cost for 217 patients with ADRA admitted to Chaophrayayommarat hospitals was estimated at 1,555,206
Bath. The mean total cost per patient with ADRA was estimated at 7,167 + 4193 Bath. Conclusion: In addition to the increase in the number of expensive
drugs, the ageing population and polypharmacy, the economic impact of ADRA weighs on healthcare spending. It should be emphasized that in most

ADRA, medications were contributory reason of hospital admissions and that benefits and risks have to be carefully balanced.
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INTRODUCTION

The World Health Organization (WHO) defines Rational Drug
Use (RDU) as patients receiving medication appropriate to their
needs, in correct doses, for the right duration, and at the lowest
cost. For RDU in Thailand, The Ministry of Public Health (MOPH)
plays a crucial role in ensuring RDU through regulatory policies
and guidelines with a focus on safety, especially adverse drug
reaction (ADRs) is a key area of public health concern®. ADRs
is a health problem occurring from medication intervention.
It includes adverse drug reaction, overdose and any noxious
and unintended response to a drug and occurs at doses used
for prophylaxis, diagnosis, or therapy in humans, excluding
failure to accomplish the intended objective?3. ADRs is one of
the major causes of patient related morbidity and mortality
worldwide and place a significant economic burden*®.

An epidemiological study of adverse drug reaction-related
hospital admissions (ADRA) showed 2.5-10.6% of hospital
admissions in Europe, 5.7-18.8% in Australia, and 4.2-30% in
the USA and Canada®. In USA, the estimated expenditure for
ADRs management was 30.1 — 130 billion US dollars per year>®
The estimated direct hospital costs of ADRs in Australia was
4.83 —9.00 billion Australian dollars annually and half of them
may be preventable’. As a part of pharmacovigilance, ADRs
monitoring system can detect the signal for adverse events
before clinically manifestation but, ADRs reporting is voluntary
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and was estimated that only 6-10% of all ADRs are reported®?°.
In the context of the increasing complexity of therapy and
an ageing population exposed to the risk of multiple chronic
diseases and polypharmacy, ADRA should be remained as
a major public health issue with a significant impact on
healthcare expenditure.

In  Thailand, since 1984, ADRs reporting is under
pharmacovigilance center, ‘Health Product Vigilance Center
(HPVCY), an organization that has responsibility to collect and
evaluate the reported ADRs from healthcare professionals,
approximately 89% of ADRs were reported from hospitals?®.
As compared to other countries, incidence of ADRs among
hospitalized patients in Thailand was also high ranging between
1.7% to 22.6 % depending on methods, study settings and also
study population®. It should be noted that all previous studies
conducted in Thailand to examine prevalence of ADRs among
hospitalized patients were conducted using spontaneous
reporting system!?6, Few studies evaluate ADRA, the aims of
our study are to examine incidence and characteristics of ADRA
through the emergency department at Chaophrayayommarat
hospital.

METHODS
Study Design and Setting

This observational study examined hospital admissions to
Chaophrayayommarat hospital via emergency department
in order to identify those which are suffered from ADRs. The
investigator visited study wards daily and reviewed patients’
drug charts, medical and nursing notes for evidence of an ADRs.
A suspected marker was used to screen the medical records for
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ADRs'8, Markers of ADRs (e.g., laboratory results, sign and
symptoms) were identified through patient notes and discussion
with the treating physician and affected patients. Efforts were
made to ensure complete work-up during admission in all cases
to make proper assessment of ADRs. Suspected ADRs were
classified in terms of causality by using Naranjo’s algorithm?°.
ADRs were also classified as either type A or type B according
to the system introduced by Rawlins and Thompson in 1977%.
For preventable adverse drug reactions (pADRs) refers to
classifying as avoidable due to errors like incorrect dosage,
ignoring warnings (allergies, drug interactions), inappropriate
prescribing (wrong drug, dose, route), patient noncompliance
to or without professional guidance, and common side effects
itself. As preventability assessment is no specified tool, in
essence, the root cause of ADRs helps distinguish between
errors that should have been detected (preventable) and those
that were truly unavoidable, guiding targeted safety initiatives.
Pharmacists work to eliminate the errors and inappropriate
regimen that led to preventable ADRs.

Severity of ADRs was assessed using Hartwig severity scale?.
Data on the reported ADRs were evaluated to understand the
pattern of the ADRs with respect to patient demographics,
nature of the reactions, characteristics of the drugs involved,
and outcome of the reactions. Causality, severity, preventability,
and the presence of predisposing factors for the reactions were
assessed. Drugs involved in the ADRs were classified according
to the Anatomical Therapeutic Chemical (ATC) classification
based on the WHO ATC index 2008%. Reactions were further
classified depending on the organ system affected using
WHO Adverse Reaction Terminology (ART), 20032, Analysis of
whether the ADRs directly caused of admission was performed
after clinical assessment of the condition in consultation with
treating medical team. The costs involved in the management
of ADRs were collected, including in the cost of ADRs
management, hospital stay, medications, clinical investigation
charges, and additional procedures. This analysis used the
perspective of the payers in making these estimates, and only
direct cost was calculated.

Inclusion and Exclusion Criteria

The study included all patients 20 years and older who were
admitted via the department of emergency medicine to
any hospital ward of Chaophrayayommarat hospital caused
by ADRs, Using the Naranjo’s algorithm, only causality was
definite or probable were include. Hospital admissions that
took place between May 2024 — March 2025 were included.
Visits to the department of emergency medicine without
inpatient hospitalization were not included. Hospitalizations
for diagnostic or elective surgical procedures for pre-existing
conditions, hospitalizations with missing medical records, and
hospitalizations taking less than 24 hours were excluded. We
also excluded patients who were unable to make an effective
interview: unconscious or in any level of coma, acute psychiatric
condition, and hearing or speech impairment.

Data Collection

Datawere obtained from electronic medical records and entered

into a Microsoft Excel database. The collected data included
demographic characteristics, medication history, medical
history, presenting complaint, admission diagnosis, laboratory
values and results of clinical investigations, documented ADRs
and information on medication adherence. Medications stated
in medication history were counted as active substances.

Ethics Committee Approval

The study was approved by Ethics Committee of
Chaophrayayommarat Hospital. Patient informed consent was
not required due to the observational design of the study. No
personal data that could identify the patients were collected.

Sample Size Calculation

Sample Size We used finite population mean formula from
n4Studies application® at a confidence level of 95% and
power of 80%, prevalence from the previous study in a similar
setting,? the minimum sample size required was 196 patients.
We added 10% for possible incomplete patient files, and too
early discharge of the patients, resulting in a target sample size
of 216 Thus, achieving a 2-sided margin of error of less than
5%.

Data Analysis

Descriptive statistics were employed to analyze the frequency
and percentages of causality, types, mechanism, severity, and
preventability of ADRs as well as the medications implicated
in the suspected ADRs. Statistical Analysis Frequencies with
percentage were used to summarize gender, diagnosis, number
of drugs taken, length of stay, drugs, organ system involved, and
severity of ADRs. Mean with 95% confidence interval (Cl) was
used to summarize age and length of stay. Currency exchange
rate, US dollar (USD) to Thai Baht (THB), 1 dollar equal 32.40
baht. Chi-square test was used to find an association between
gender and age groups with ADRs. A significance level of p < .05
was considered as statistically significant. All of the statistical
analyses were performed using SPSS 25. Categorical variables
were expressed as absolute values and percentages. Continuous
variables were expressed as medians with interquartile ranges.

RESULT

During study period, 23,247 patients presented to the
emergency department (ED). There were 217 with ADRA,
giving 0.93% (95% C1 0.0.81-1.06) as the percentage of patients
presenting to the ED caused by isolated ADRs. The mean age of
patients with ADRs was 48.85 years and mostly were Type A.
Females accounted for the majority of ADRs cases, representing
61.29% (133 patients) of the cohort compared to 38.71%
for males. The risk of ADRs is relatively evenly distributed
across middle-to-older age groups, with the 45-54 and 55-64
age brackets each accounting for 27.2% of cases. Using the
Hartwig’s criteria, it was seen that 152/217 (70%) patients had
mild-moderate ADRs while 65/217 (30%) had severe ADRs.
Thus, a majority of the ADRs detected were of mild-moderate
severity (Table 1). It was seen that 143 (65.89%) events were
type A ADRs which possibly avoidable while 74 (34.11%) were
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Type B ADRs which possible unavoidable. Demographics data
was shown in Table 1.

Ourstudy distinguishes between two primary types of reactions:
Type A ADRs, mostly preventable ADRs, predictable and often
dose-dependent reactions, were the most common, occurring
in 65.89% of patients. Examples from the table include acute
kidney injury (7 cases) and gastrointestinal bleeding (4 cases).
While Type B, mostly unpredictable and idiosyncratic reactions
(often immune-mediated) occurred in 34.11% of patients.
Notable examples include anaphylaxis (19 cases) and fixed
drug eruption (6 cases). Interestingly, the average length of stay
(LOS) varied significantly by reaction type. Patients experiencing
Type B ADRs had a mean stay of 10 days, whereas those with
Type A reactions required a substantially longer hospitalization
of 16 days. The majority of reported reactions severity (70%)
were categorized as Grade 2-3, which typically signifies mild
to moderate reactions requiring medical intervention or
hospitalization. The remaining 30% were severe (Grade 4-5).

The common medication classes involved in ADRA included
antimicrobial agent (59/217, 27.18%), drugs used in diabetes
(31/217, 14.28%), non-steroidal anti-inflammatory drugs
(29/217, 13.36%), Anti-thrombotic agents (20/217, 9.21%),
Anti-psychotic drug (19/217, 8.75%), Anti-convulsant (16/217,
7.37%), while out of 217 events, 143 (65.89%) were identified
as the potential preventability of ADRA. The mean hospital
stay of patients with ADRA was 15 days. Average length of stay
for Type A and Type B ADRs was 16 and 10 days respectively.
The total cost for 217 patients with ADRA was 1,555,206 THB
(48,000 USD). The mean total cost per patient with ADRA was
estimated at 7,167 THB (221.20 USD) (Table 1).

The data provided in Table 2 outlines the economic burden
of ADRs across various organ systems, measured in Thai Baht
(THB) and US Dollars (USD). Based on the 217 recorded ADRs,
the skin and soft tissue system recorded the highest number of
cases (55 cases), followed by metabolic and electrolyte issues
(42 cases) and hematological issues (33 cases). The highest
total costs, despite being fourth in frequency, the central and

Table 1. Demographic characteristic of patients and incidence of adverse drug reaction

Characteristics Patients with ADR, n (%)

male 84(38.71)
Gender

female 133(61.29)

20-34 48(22.12)

35-44 49(22.58)
Age group 45 -54 26 (11.98)

55-64 44 (20.28)

265 50 (23.04)

Type A 143 (65.89)
Type of reaction

Type B 74 (34.11)

Grade 2-3 152(70.00)
CTCAE Severity

Grade 4-5 65 (30.00)

1-5 127 (58.52)
Number of medications 6-10 76 (35.02)

11-15 14 (6.45)

<1 95 (43.7)
Number of comorbidities 2-3 104 (47.9)

4-5 18(8.2)

AKI 7

Anemia 4

Asthmatic attack 3

AOC 8

CHF 4
Type A of reaction

Delirium 6

EPS 5

Gl bleed 4

Hematoma 20

Hepatitis 10
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Hypoglycemia 12
Hypokalemia 3
Hyponatremia 12
Jaundice 6
Lactic acidosis 14
Leukopenia 2
Optic neuritis 2
Pancytopenia 3
Rhabdomyolysis 2
Seizure 8
Tachycardia 4
Thrombocytopenia 4
AGEP 4
Anaphylaxis 19
DRESS 4
Type B of reaction Fixed drug eruption 6
MP rash 26
SIS 1
Urticaria 14
Type A 16
Average LOS (day)
Type B 10
Cost per admission 7,167 (221.20)
Cost, THB (USD)
Total cost 1,555,206 (48,000)

CTCAE; Common Terminology Criteria for Adverse Events version 5.0, LOS; Length of Stay

peripheral nervous system incurred the highest total cost
at 311,559 THB. This is closely followed by metabolic and
electrolyte (311,327 THB) and hematological systems (297,148
THB). Focusing on the cost per individual ADRs based on organ
systems, the gastrointestinal system is the most expensive to
manage on a per-case basis (488.36 USD), costing more than
triple the amount of a skin and soft tissue ADRs (153.85 USD),
even though gastrointestinal cases were relatively rare (only 4
cases). Interestingly, while the central and peripheral nervous
system had a high total cost, its cost per individual ADRs was
the highest of all systems listed at 11,539 THB (356.15USD).
This suggests that while these reactions are common or
aggregate to a high cost, the individual management of each
case is relatively less resource-intensive. Qur data suggests
that, the metabolic and hematological systems represent a
significant portion of the total economic burden due to the
high volume of reported ADRs and the escalating clinical
expenditures within the hospital. Nevertheless, gastrointestinal
and musculoskeletal systems are rare but represent the most
significant financial hit per occurrence. On the contrary, skin
and nervous system ADRs are frequent but are among the
least expensive to treat individually. Our data suggests a tiered
burden, necessitating targeted interventions for high-volume,
high-cost ADRs events to optimize hospital resource allocation
and minimize preventable expenditures.

The total economic burden for managing both Type A and Type

B adverse drug reactions was 1,555,206 THB (48,000 USD).
The mean cost per admission was calculated at 7,167 THB
(221.20USD). The costs associated with ADRs, categorized by
severity (Table 3), outlines the economicimpact of 217 recorded
ADRs cases, categorized by the Common Terminology Criteria
for Adverse Events (CTCAE). The mild ADRs are significantly
more common, accounting for 152 cases, while the moderate
ADRs occurred 65 cases. For total expenditure, the total cost
for mild-moderate ADRs reached 934,045 THB, whereas severe
ADRs totaled 621,161 THB. Remarkably, the mean cost per case
for a mild — moderate ADRs is 6,145 THB (189.66USD), while
a severe ADRs is notably higher at 9,556 THB (294.94USD).
These figures reveal a clear correlation between the severity of
the reaction and the financial burden per incident.

DISCUSSION

In a hospital setting, physician serves as the primary clinical
decision-maker and the first line of defense in an ADRs
prevention system. While pharmacists manage the logistics
and nurses monitor the administration, doctors are responsible
for the diagnostic, because ADRs often mimic disease states,
physician are uniquely qualified to differentiate between a
worsening illness and a drug-induced event. Pharmacist, as the
co-leader, roles in a modern hospital system, the prevention
and detection of ADRs is a complex, multi-layered system that
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Table 2. Cost of adverse drug reaction based on organ system involved
Number of ADRs Total cost, Thai Baht Cost per ADRs,
Organ System Involved
(n=217) (Mean + SD) Thai Baht (US dollar)
63,279 15,820
Gastrointestinal 4
(15819+2020) 488.36
41,596 5,942
Kidney and urinary tract system 7
(5,942 + 2,859) 183.40
311,559 11,539
Central & peripheral nervous system 27
(11,539 + 5,463) 356.15
274,162 4,985
Skin and Soft tissue 55
(4,985 + 2,902) 153.85
311,327 7,413
Metabolic and electrolyte 42
(7,413 + 3,450) 228.78
71,437 4,465
Liver and biliary system 16
(4,465 +1,027) 137.8
15,100 5,033
Respiratory system 3
(5,033+ 550) 155.33
132,717 5,105
Cardiovascular 26
(5,105 + 1886) 157.54
297,148 9,005
Hematological 33
(9,005 + 3,535) 277.94
15,250 7,625
Eyes, ears, nose 2
(7,625 £ 177) 235.33
21,631 10,816
Musculoskeletal system 2
(10,816 + 2,532) 333.83
Table 3. Cost related to severity of adverse drug reaction.
Number of ADRs
CTCAE Severity ( : Total cost, Thai Bath (mean * SD) Cost per ADRs, Thai Baht (US dollar)
n=217
934,045
Mild - Moderate 152 6,145 (189.66)
(6,145 + 3,263)
621,161
Severe 65 9,556 (294.94)
(9,556 + 6,102)

combines human expertise with advanced digital surveillance.
Pharmacists serve as the primary safeguards against ADRs.
Their role spans the entire medication-use process, from the
initial admission to post-discharge follow-up. By integrating
clinical expertise with real-time patient data, including
medication reconciliation on admission, order verification in
every prescription for drug-drug/drug-food interactions, high-
alert drugs which have a high risk of causing significant harm
if misused, detection involves active surveillance and trigger
monitoring rather than waiting for an event to be reported.
Once pharmacist together with physician shared decision for
ADRs diagnosis, using the Naranjo’s algorithm to determine the
likelihood of the drug being the cause. The severity of ADRs
and its root cause were added to the patient’s profile. This
data helps identify “signals” for new, previously unknown side

effects to prevent future re-exposure.

In light of the increasing complexity of pharmacotherapy and
an ageing population exposed to the risk of multimorbidity
and polypharmacy, ADRs remain a major public health issue
with a significant impact on healthcare expenditure, but it
could be avoided and potential cost savings were very wide?®
31, The findings of this study provide critical insights into the
clinical and economic impact of adverse drug reactions (ADRs)
within the local context, particularly when compared to global
benchmarks3*3, Based on the data provided in the comparative
table (Table 4), comparing our findings regarding incidence,
length of stay (LOS), and economic burden with global
literature. The incidence and economic impact of adverse drug
reactions (ADRs) found in this study vary significantly when
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Table 4. Study design and methodology for ADR related admission expenditure worldwide
. Definition of Method of ADR Incidence Length of stay Average Cost per
Author Study design ADRs detection (percentage) (day) admission (US dollar)
This study Prospect'!ve WHO Assessgd by healthcare 0.93 15 221.20
observational study professional

Goettler M, et al.® Cross-sectional study WHO Literature review 5.8 8.7 1,961

Moore N, et al. 3 Prospective study Serious ADRs Medical chart review 3 8.3 4,332

Oshikoyl KA, et al. 3* Prospective study Serious ADRs InterTsw.e ADR 0.6 - 350
monitoring

Patel KJ, et al. 3 Prospective study WHO Assesse_d by healthcare 6.89 5 180
professional

Pattanaik S, et al. 3 Prospective study WHO Assessgd by healthcare 1.4 3 428
professional

Osanlou R, et al. 7 Prospective study Serious ADRs Assessgd by healthcare 6.5 8 4,383
professional

Rottenkolber D, et al.® Prospective study Serious ADRs Assessgd by healthcare 3.25 8 3,291
professional

compared to international data, likely reflecting differences in
study settings, patient populations, and ADR definitions. The
ADRs incidence in this study was 0.93%, which is relatively
low compared to several prospective studies. Osanlou R, et
al.¥” reported an incidence of 6.5%. Lagnaoui R, et al.*° and
Patel KJ, et al.>> observed rates of 7% and 6.89%, respectively.
Conversely, our incidence is more closely aligned with, though
slightly higher than, the 0.6% reported by Oshikoya KA, et
al.?*. The lower incidence observed in our study compared to
Osanlou R, et al. or Lagnaoui R, et al. may be due to the method
of detection used here, which might capture fewer events than
the intensive monitoring or systematic medical chart reviews
used in another research.

A striking finding in our study is the average length of stay (LOS)
of 15 days, which is considerably longer than all other studies
listed in the comparison. Most prospective studies, such as
those by Moore N, et al.>®* (8.3 days) and Rottenkolber D, et al.*®
(8 days), reported LOS values roughly half as long as ours. The
shortest LOS was noted by Pattanaik S, et al.* at 3 days. The
extended 15-day stay in our population suggests that while the
incidence is low, the complications arising from these ADRs are
severe or occur in patients with complex underlying conditions
that require prolonged stabilization. For economic perspective,
the average cost per ADR admission in this study was 221.20
USD. This demonstrates a clear geographic and systemic divide
in healthcare spending. Our costs are similar to country in
developing regions, in India (180 USD, reported by Patel KJ, et
al.)®® and Nigeria (350 USD, reported by Oshikoya KA, et al.)**.
There is a vast difference when compared to European data,
where Moore N, et al.?® and Osanlou R, et al.” reported costs
exceeding 3,291 - 4,300 USD per admission. While our per-
case cost is relatively low in absolute US dollars, the burden
is magnified by the significantly longer hospital stay (15 days),
which consumes institutional resources such as bed occupancy
and nursing care. The combination of a lower per-admission
cost with a substantially higher LOS suggests that ADRs in our
setting may lead to inefficiencies in hospital bed utilization and
prolonged patient recovery times.

Strengths and Limitations

Our study provides additional features to strengthen study
design, ADRs screening in all those admitted to the hospital
caused by ADRs with the appropriate sample size for
logically survey research. Including the elaborate and careful
identification of an ADRs on the first few days of admission by
ADR specialized pharmacist together with physician. However,
there are a number of limitations. there were differences in key
disease areas, co-existing conditions in an individual, which may
also have had an effect on the utilization of health care resources
and healthcare expenditure. In addition, the comprehensive
collection of healthcare resource use before and after hospital
admission was not included. Comparisons with other studies
are difficult due to differences in cost sources. However, that
ADRs survey was the most comprehensive to date in terms
of patient characteristics. The causality assessment of ADRs
is subjective. However, we have reduced this by having two
independent assessors, pharmacist specialized in ADR, and
physician to resolve any discrepancies. Our data was from a
single institution and the types of patients in our setting could
be different from that in other hospitals, leading to the under-
or over-estimated of cost burden. Therefore, generalizability
to other populations and settings may be limited, related to
estimates of costs which are based on estimated time and units
costs available. The costs associated with ADRA modest, but
also depend on the severity of the ADRs. However, the cost
is not only financial but is often associated with costs both
clinically and personally for individuals. Early intervention,
where possible, is important to avoid preventable medication
harm. Intervention with more targeted policies to reduce
ADRs through identification of those at highest risk and more
awareness among populations at risk will help to reduce costly
hospitalizations and avoid increased morbidity and mortality.

CONCLUSION

In conclusion, ADRA results in significant healthcare utilization
and substantial economic burdens. The costs are increased
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with preventability and severity of the ADRs, drawing attention
of hospital administration and health care policy makers to save
the unnecessary cost. More research is required to develop
validated tools for prevention and early detection of ADRs that
can be implemented in clinical practice to avoid unnecessary
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