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Abstract

Background: Opioids have traditionally been used to manage acute or terminal pain. However, their prolonged use has the
potential for abuse, misuse, and addiction. South Koreaintroduced a new health care IT system named the Narcotics Information
Management System (NIMS) with the objective of managing all aspects of opioid use, including manufacturing, distribution,
sales, disposal, etc.

Objective: Thisstudy aimed to assess the impact of NIMS on opioid use.

Methods: We conducted an analysis using national claims data from 45,582 patients diagnosed with musculoskeletal and
connectivetissuedisorders between 2016 and 2020. Our approach included using an interrupted time-seriesanalysis and constructing
segmented regression models. Within these models, we considered the primary intervention to be the implementation of NIMS,
while we treated the COVID-19 outbreak as the secondary event. To comprehensively assess inappropriate opioid use, we
examined 4 key indicators, as established in previous studies: (1) the proportion of patients on high-dose opioid treatment, (2)
the proportion of patients receiving opioid prescriptions from multiple providers, (3) the overlap rate of opioid prescriptions per
patient, and (4) the naloxone use rate among opioid users.

Results:  During the study period, there was a genera trend of increasing opioid use. After the implementation of NIMS,
significant increases were observed in the trend of the proportion of patients on high-dose opioid treatment (coefficient=0.0271,
P=.01) and in the level of the proportion of patients receiving opioid prescriptions from multiple providers (coefficient=0.6252;
P=.004). An abrupt declinewas seenin thelevel of the nal oxone use rate among opioid users (coefficient=—0.2968; P=.04). While
these changes were statistically significant, their clinical significance appears to be minor. No significant changes were observed
after both the implementation of NIMS and the COVID-19 outbreak.

Conclusions: This study suggests that, in its current form, the NIMS may not have brought significant improvements to the
identified indicators of opioid overuse and misuse. Additionally, the COVID-19 outbreak exhibited no significant influence on

https://publichealth.jmir.org/2024/1/e47130 JMIR Public Health Surveill 2024 | vol. 10 | e47130 | p. 1
(page number not for citation purposes)


mailto:jenk@pusan.ac.kr
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR PUBLIC HEALTH AND SURVEILLANCE

Leeetd

opioid use patterns. The absence of real-time monitoring feature within the NIMS could be a key contributing factor. Further
exploration and enhancements are needed to maximize the NIMS' impact on curbing inappropriate opioid use.

(JMIR Public Health Surveill 2024;10:e47130) doi: 10.2196/47130
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Introduction

Opioids havetraditional ly been used to manage acute or terminal
pain [1-3]. However, their prolonged use has generated
controversy due to the potentia risk for abuse, overdose, and
addiction [4], leading to negative outcomes and excessive
mortality rates[3,5]. Previously confined to cancer-related pain
management before the 1980s [6], opioids have gradually
expanded their application to noncancer pain management,
resulting in an increased incidence of opioid use disorders[7].
The overprescription of opioids has even steered individuals
toward illicit substances such as heroin [8]. In 2018, opioid
overdoseswere responsible for over 60,000 deathsin the United
States, making them the leading cause of drug-related deaths
[9,20]. Thisworrisome trend has transcended national borders,
manifesting as a significant global public health challenge
[11-15]. An ecological study conducted in Spain corroborated
this concern, demonstrating adirect correlation between greater
prescribed opioid drug availability and opioid-related mortality
[16].

The use of opioids in South Korea was lower compared to the
United States and Europe, according to the International
Narcotics Control Board'sreport [17]. However, in recent years,
there hasbeen arapid increase in the prescription rate of opioids
[18]. For instance, from 2002 to 2015, the number of patients
using opioids chronically for more than 90 days increased 6-9
times[19]. To addressthisissue, the Ministry of Food and Drug
Safety (MFDS) implemented the Narcotics Information
Management System (NIMS) on May 18, 2018 [20,21]. Before
the NIMS, hedth care ingtitutions relied on manual
record-keeping to manage the use and inventory of opioids[22].
TheNIMSisaweb-based system that tracks patient information
and inventory using aserial number assigned to each unit (bottle
and carton) of opioid [22]. The system stores and monitors
information at all times, making it easier to track and manage
narcotics. The introduction of NIMS has transformed the
monitoring of drug handling from a random management
process to a selective on-site monitoring system by analyzing
drug handling information. The MFDS aimsto establish asafer
narcotics management network through real-time tracking of
narcotic handling history [21,22].

To date, there are no published studies that have directly
evaluated the impact of NIMS on opioid use by comparing
prescription patterns before and after the installation of the
system. Therefore, we aimed to examine whether the NIMSled
to any improvement in indicatorsrel ated to inappropriate opioid
use using an interrupted time-series (ITS) analysis. The study
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period coincided with the outbreak of COVID-19, and the
analysis also sought to assess its effect on opioid use.

Methods

Data Sources

The analysis was performed using National Health Insurance
(NHI) claims data between 2016 and 2020. For research
purposes, the Health Insurance Review and Assessment Service
(HIRA) annually provides patient sample data (HIRA—National
Patient Sample[HIRA-NPS]). HIRA-NPSisderived from health
insurance claim data submitted by medical institutions for
reimbursement [23]. HIRA provides a sample representing 3%
of the Korean population for 2016, 2017, and 2018 and asample
representing 2% of the Korean population for 2019 and 2020.

Study Design

To assess the impact of NIMS on opioid use, a segmented ITS
analysis was performed. The data were aggregated monthly
over the 5-year study period. As per the recommended practice,
the ITS analysis required observations of at least 12 months
before and after theintervention [24]. The NIM Swasintroduced
on May 18, 2018, and the analysis period covered 28 months
before the intervention and 32 months after. The study period
also included the COVID-19 outbreak, which was treated as a
second interruption to control its influence on opioid use. The
second interruption occurred in February 2020 in South Korea.

Study Population

The study included patients with disorders of the
musculoskeletal system and connective tissue [25], identified
using the International Classification of Diseases, Tenth
Revision (ICD-10) codes. The subject diseases are arthropathies
(eg, osteoarthritis), dorsopathies (eg, spondylosis), soft tissue
disorders (eg, fibromyalgia), and others (eg, postprocedural
muscul oskeletal disorders). Patients younger than 20 years and
those with a cancer diagnosis were excluded. Outpatients who
received opioid prescriptions were selected as target patients
(Figure 1). The patient population was further categorized by
age groups (20-39, 40-59, 60-74, and over 75 years) and the
types of insurance (NHI and Medical Aid [MedAid] or Patriots
and Veterans Insurance Plan [PVI]). NHI covers most of the
study population, while MedAid includes individual s with low
income. PV isaspecial health program for patriots and veterans
who have served in the military or government agencies. While
PVI is distinct from NHI and MedAid in terms of its target
population, it is grouped together with patients with MedAid
insurance in our study due to their similar patterns of drug use
[26].
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Figure 1. Flowchart of study population selection. The subject diseases are arthropathies, dorsopathies, soft tissue disorders, and other disorders of the
musculoskeletal system and connective tissue. HIRA-NPS: Health Insurance Review and Assessment Service-National Patient Sample.

HIRA-NPS (Total n=6,383,585)

HIRA-NPS-2016 (n=1,465,033)
HIRA-NPS-2017 (n=1,473,083)
HIRA-NPS-2015 (n=1,481,921)
HIRA-NPS-2019 (n=991,189)
HIRA-NPS-2020 (n=969,659)

l

Fatients with subject disease
(Total n=2 617,026)

n=593,402 (40.4 %) in 2016
n=600,201 (40.7 %) in 2017
n=609,576 (41.1 %) in 20138
n=415,83838 (42.0 %) in 2019
n=397,959 (41.0 %) in 2020

Excluded (n=261,246)

v

=20 years of age (n=151.545)
or patients with cancer (n= 110,00&)

Fatients =20 years of age without cancer
Total n=2,355,780)

n=533,051 (89.2 %) in 2016
n=539,654 (89.9 %) in 2017
n=543,351 (90.0 %) in 2018
n=373,745 (89.9 %) in 2019
n=360,976 (90.7 %) in 2020

l

Patients receiving opioids in outpatient setting
(Total n=45 532)

n=9556 (1.8 %) in 2016
n=10,436 (1.9 %) in 2017
n=11,296 (2.1 %) in 2013

n=78&7 (2.1 %) in 2019

n=6407 (1.8 %) in 2020

Study Drugs

The study aimed to analyze the use of outpatient opioidsin oral
and patch formulations. Thefollowing opioid medicationswere
included in the analysis: buprenorphine transdermal, codeine
oral, dihydrocodeine oral, fentanyl transdermal, hydrocodone
oral, hydromorphone oral, morphine oral, oxycodone oral, and
tapentadol oral formulations (Multimedia Appendix 1).
However, sublingual tablets, bucca tablets, and nasal sprays
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were excluded from the analysis as they are primarily used for
breakthrough pain in patients with cancer, in accordance with
the Korean reimbursement criteria [27].

Ethical Considerations

The study protocol was approved by the ingtitutional review
board of Pusan National University, Busan, South Korea (PNU
IRB/2022_27 HR).
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Outcome M easures

Overview

Throughout the study period, we assessed inappropriate opioid
use monthly using 4 key indicators, each carefully selected to
encompass different dimensions of inappropriate opioid use
based on previousresearch in thisarea[28-33]. Theseindicators
included (1) the proportion of patients on high-dose opioid
treatment, (2) the proportion of patients receiving opioid
prescriptions from multiple providers, (3) the overlap rate of
opioid prescriptions per patient, and (4) the naloxone use rate
among opioid users.

The Proportion of Patients on High-Dose Opioid
Treatment

The proportion of patients on high-dose opioid treatment refers
to the percentage of patients prescribed high-dose opioid
treatments out of all patients included. High-dose opioid
treatment was determined by assessing their daily morphine
milligram equivalents (MME), astandardized measure of opioid
potency that alows for comparing and aggregating each
patient’s opioid consumption. For our study’s purposes, adaily
dose of 100 MME or higher was considered high-dose opioid
treatment [28-30]. Such treatment has been associated with
elevated rates of mental health issues, including substance use
disorders, and increased health care service use when compared
to cases of no opioid use or low-dose opioid treatment [30].

The Proportion of Patients Receiving Opioid
Prescriptions From Multiple Providers

The proportion of patients receiving opioid prescriptions from
multiple providers was calcul ated to eval uate the dispersion of
patient care within the outpatient setting [31]. Thiscomputation
encompassed patients obtaining prescriptions from 2 or more
providers, irrespective of the provider’sinstitutional affiliation.
Thiswas accomplished by summing up the number of providers
who issued opioid prescriptions to each patient monthly. The
practice of opioid prescribing by multiple providers is
widespread and has been linked to elevated rates of hospital
admissions directly associated with opioid use [31].

The Overlap Rate of Opioid Prescriptions Per Patient

Theratio of overlapping narcotic prescriptions is a measure of
the extent to which the opioid prescriptions of study drugs
overlap for each patient. It is calculated as the ratio of the
overlapping prescription period to the total prescription period
of the study drug per patient. Overlapping opioid prescriptions
stand as one of the indicators signifying potential opioid misuse
[32].

The Naloxone Use Rate Among Opioid Users

The percentage of patients prescribed and administered naloxone
among opioid users each month is calculated as a proxy for
opioid overdoseincidents. Naloxoneisawidely used medication
for reversing the effects of opioid overdose [33], and the
proportion of patientsreceiving naloxone reflectsthe frequency
of opioid overdose or toxicity incidents.
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Statistical Analysis

Descriptive statistics for all variables were presented. The
time-series data of outcomes were examined graphically and
used to establish a segmented regression model to assess the
statistical significance of the effect of NIMS, which was
investigated by analyzing the change in opioid use using 4
outcomes [34]. The time-series data of these outcomes were
analyzed over 60 months, from January 2016 to December 2020,
with the NIMS intervention occurring in May 2018 (29th
month). The model to be tested in this study is as follows:

Yt=p0+ 1 x timet + 32 x NIMSt + 33 x time after
NIMSt + 34 x COVIDt + 5 x time after COVIDt +
et

where Y, is the outcome of interest in month t; time is a
continuous variable, indicating time in months at time t from
the start of the observation period; NIMSisan indicator for time
t occurring before (NIMS=0) or after (NIMS=1) the NIMS,
which was implemented at month 29 in the series; and time
after NIMS is a continuous variable counting the number of
months after the NIMS at timet, coded O beforethe NIMS and
(time-28) after the NIMS. 3, estimates the baseline level of the
outcome at time zero; 3, estimatesthe baselinetrend before the
NIMS; B, estimates the level change at the month of NIMS
introduction; 5 estimates the change in the trend after the
NIMS, compared with the monthly trend before the NIMS; 34
estimates the level change at the month of the COVID-19
outbreak at month 50 in the series; and 35 estimates the change
in the trend after the COVID-19, compared with the monthly
trend before the COVID-19 outbresk.

The sum of 3; and (3; is the postintervention slope. As can be
seen from the model, each interval isrepresented by alevel and
a trend. The change in the level of the outcome after the
intervention indicates the immediate effect of the intervention.
The change in trend is defined as the change in slope in the
interval after the intervention compared to the interval before
theintervention [34]. The Durbin-Watson test was used to assess
the serial correlation of error terms and estimate the regression
coefficientswith either an ordinary least squaresor afirst-order
autocorrelation maximum likelihood estimate, depending on
the significance of seria correlations [35]. Residual analyses
based on autocorrelation plots and partial autocorrelation plots
were carried out to review the goodness-of-fit of the model.
Statistical analysis was performed using R software (version
4.1.1; R Foundation for Statistical Computing), and when the
P value was <.05, it was considered statistically significant.

Results

Characteristics of Study Population

A total of 45582 patients received outpatient opioid
prescriptions, and the most common subject disorders were
dorsopathies, followed by arthropathies and soft tissue disorders.
The study patients were predominantly female (27,756/45,582,
60.9%), with the largest age group being 60-74 years
(15,752/45,582, 34.6%). The percentage of MedAid
beneficiaries among the study patients ranged from 8.8%
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(2189/24,924) to 10.7% (539/5016), which was higher thanthe  fluctuations were observed in sex, age distribution, and
general population (which is approximately 3%). Some insurance type between the 3 time periods (Table 1).

Table 1. Characteristics of the study population and overall changesin 4 outcome variables from January 2016 to December 2020 (N=45,582).

Characteristics Total (60 months,  pra.NIM S (28 months; Post-NIMS Pre-COVID-  Post-COVID-19 (11
N=45,582) January 2016-April 19 (21 months, May 2018- months; February 2020-
2018; n=24,924) January 2020; n=15,642)  December 2020; n=5016)
Sex, n (%)
Mae 17,826 (39.1) 9591 (38.5) 6125 (39.2) 2110 (42.1)
Female 27,756 (60.9) 15,333 (61.5) 9517 (60.8) 2906 (57.9)

Agegroup (years), n (%)

20-39 5706 (12.5) 3236 (13) 1951 (12.5) 519 (10.3)

40-59 15,079 (33.1) 8401 (33.7) 5148 (32.9) 1530 (30.5)

60-74 15,752 (34.6) 8518 (34.2) 5397 (34.5) 1837 (36.6)

>75 9045 (19.8) 4769 (19.1) 3146 (20.1) 1130 (22.5)
Insurancetype, n (%)

NHIP 41,452 (90.9) 22,735 (91.2) 14,240 (91) 4477 (89.3)

MedAid€ or PVIC 4130 (9.1) 2189 (8.8) 1402 (9) 539 (10.7)

Morbidity, n (%)

Arthropathies 11,902 (26.1) 6533 (26.2) 4092 (26.2) 1277 (25.5)
Dorsopathies 21,234 (46.6) 11,588 (46.5) 7283 (46.6) 2363 (47.1)
Soft tissue disorders 11,908 (26.1) 6534 (26.2) 4086 (26.1) 1288 (25.7)
Others® 538 (1.2) 269 (1.1) 181 (1.2) 88 (1.8)

Outcome variables, mean (SD)

Proportion of patientson high-doseopioid  ny/af 0.75 (0.22) 1.25(0.27) 1.89 (0.30)
treatment

Proportion of patients receiving opioid N/A 0.69 (0.27) 1.02 (0.27) 1.37(0.37)
prescriptions from multiple providers

Overlap rate of opioid prescriptionsper ~ N/A 1.95(0.42) 2.17 (0.20) 2.30(0.30)
patient

Naloxone use rate among opioid users N/A 0.57 (0.28) 0.51 (0.16) 0.45 (0.26)

3NIMS: Narcotics Information Management System.

PNHI: National Health Insurance.

‘MedAid: Medical Aid.

9dpvI: Patriots and Veterans Insurance.

€0ther disorders of the musculoskeletal system and connective tissue.
N/A: not applicable.

. . . - The trend showed a significant increase of 0.0271 from 0.0040
The Proportion of Patients on High-Dose Opioid at baselineto 0.0311 (P=.01) after theimplementation of NIMS,
Treatment with no significant changein the level. The COV1D-19 outbreak
The proportion of patients on high-dose opioid treatment was  had little impact on both the level and trend of the percentage
the lowest in the pre-NIMS period (187/24,924, 0.75%), of patientsreceiving high-dose opioid treatment. The regression
followed by the post-NIM S pre-COVID-19 period (196/15,642,  results are shown in Table 2 and Figure 2A.
1.25%), and then the highest in the post—-COVID-19 period
(95/5016, 1.89%; Table 1).
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Table 2. Modeling interrupted time series to evaluate the impact of the Narcotics Information Management System (NIMS) and COVID-19 on opioid

use among outpatients with muscul oskeletal and connective tissue disorders in South Korea.

Outcome variables and estimator (AR?) Segmented regres-  Pvalue  p.P
sion coefficient
Proportion of patients on high-dose opioid treatment 1.9426
Intercept (Bg) 0.7947 <.001
Baseline trend (31) 0.0040 48
Level change after NIMS (3,) 0.1743 .20
Trend change after NIMS (B3) 0.0271 .01
Level change after COVID-19 (B4) 0.0484 .78
Trend change after COVID-19 ((3s5) 0.0309 19
Proportion of patients receiving opioid prescriptions from multiple providers 2.0825
Intercept (Bg) 0.8141 <.001
Baselinetrend (31) -0.0076 31
Level change after NIMS (3,) 0.6252 .004
Trend change after NIMS (B3) -0.0067 .59
Level change after COVID-19 (B4) 0.3969 .09
Trend change after COVID-19 (s) 0.0323 .28
Overlap rate of opioid prescriptions per patient 2.0046
Intercept (Bg) 1.4828 <.001
Baseline trend (31) -0.0113 16
Level change after NIMS (3,) 0.3349 .08
Trend change after NIMS (B3) 0.0101 46
Level change after COVID-19 (B4) 0.3709 A2
Trend change after COVID-19 ((35) —0.0442 .16
Naloxone use rate among opioid users 1.9854
Intercept (Bg) 0.3685 .001
Baseline trend (31) 0.0156 .01
Level change after NIMS (35) —0.2968 .04
Trend change after NIMS (B3) -0.0117 .26
Level change after COVID-19 (B,4) 0.0652 72
Trend change after COVID-19 ((35) -0.0324 .18

3AR: first-order autocorrelation maximum likelihood estimate.
bD-W: Durbin-Watson test.
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Figure2. Impact of Narcotics Information Management System (NIMS) and COVID-19 on 4 outcome variables from January 2016 to December 2020:
interrupted time-series analysis with observed and predicted regression lines for the (A) proportion of patients on high-dose opioid treatment; (B)
proportion of patients receiving opioid prescriptions from multiple providers; (C) overlap rate of opioid prescriptions per patient; and (D) naloxone use
rate among opioid users. Thefirst interruption was held in May 2018 and the second was held in February 2020. The blue solid line represents the actual
data, while the orange and green dot-dash lines represent the predicted data after NIM S and the COVID-19 outbreak, respectively.

(A)
F
o
o W 1 i
3 H :
T o H ;
2 ! COVID-19
-] (3] 1 I
9 NIMS 2 o AT
5 ;:-'_"“_"'" _______ 8 i
= 1 [
o 1 I
T I T T \ T f I
0 10 20 30 40 50 60
Time (month)
. (C)
g
e un 1 )
o | I
- : :
° | ChvID-19
£ o HIMS :
5 ~ ...‘_____ﬂ‘_“___‘__/!______ﬂ_._f:r?‘\-._ﬁ
O 15 == . 1
5 — ! o
© r T T T T f 1
0 10 20 30 40 50 60
Time (month)

The Proportion of Patients Receiving Opioid
Prescriptions From Multiple Providers

The proportion of patients receiving opioid prescriptions from
multiple providers was found to be the lowest in the pre-NIM S
period (172/24,924, 0.69%), followed by the post-NIMS
pre-COVID-19 period (160/15,642, 1.02%), and then the highest
in the post-COVID-19 period (69/5016, 1.37%; Table 1). A
sudden increase in the level was seen after the introduction of
NIMS (3,=.6252; P=.004). A slight increase was observed after
the COVID-19 outbreak, which was not significant (3,=.39609;
P=.09). No significant change in the trend of patients receiving
opioid prescriptions from multiple providerswas observed after
the implementation of NIMS or the COVID-19 outbreak. The
segmented regression results of the trend and level changes are
displayed in Table 2 and Figure 2B.

The Overlap Rate of Opioid Prescriptions Per Patient

The overlap rate of opioid prescriptions per patient showed a
dight increase, with the lowest in the pre-NIMS period
(486/24,924, 1.95%), followed by the post-NIMS
pre—COVD-19 period (339/15,642, 2.17%), and then the highest
in the post—COVID-19 period (102/5016, 2.30%; Table 1).

Both the NIMS and COVID-19 did not appear to significantly
impact the level and trend of the overlap rate of opioid
prescriptions per patient (Table 2). Thetrend and level changes
areillustrated in Figure 2C.

The Naloxone Use Rate Among Opioid Users

The naloxone use rate among opioid users declined over time,
from 0.57% (142/24,924) in the pre-NIMS period, to 0.51%
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(80/15,642) after NIMS, and then further down to 0.45%
(23/5016) in the post—COVID-19 period (Table 1).

The baseline trend (B,) before NIMS introduction was .0156
(P=.01), which was turned down by —0.0117 to 0.0039 &fter
NIMS. COVID-19 changed little of the trend (P=.18). Abrupt
declinewas observed after theintroduction of NIM S (3,=—2968;
P=.04). The regression results are shown in Table 2 and Figure
2D.

Discussion

Overview

Our study aimed to assess the impact of the Korean health care
IT for narcotics management, known as the NIMS, on opioid
misuse using nationally representative claims data. The study
findingsindicate that the NIM S did not demonstrate significant
improvement during the 32 months sinceitsintroduction in the
4 specificindicatorswe selected. Rather, we observed agradual
increase in high-dose opioid prescribing and an abrupt increase
in multiple providers  prescriptions  following the
implementation of NIMS. Whilethese changeswere statistically
significant, their clinical significance appears to be relatively
minor, warranting further investigation.

The use rate of naloxone, which serves as a proxy for opioid
misuse or abuse, had been increasing over time before the
implementation of NIMS, and atemporary decrease in the use
rate of naloxone was observed after NIMS implementation.
This decrease suggests that the NIMS may have had a positive
impact on opioid-related outcomes by reducing the occurrence
of opioid misuse or abuse. However, it is inconclusive because
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a concurrent increase in the number of opioid users during the
same period may have also contributed to the decrease in
naloxone use rate.

We also conducted a second analysis, not treating COVID-19
as an interruption, and found no significant differences. While
the primary focus of our study isto assesstheimpact of NIMS,
thisadditional analysis confirmsthat even when not considering
COVID-19 as an interruption, the NIMS till did not show a
significant impact on theidentified indicators of opioid overuse
and misuse.

Given the limited existing research in this area, the reasons for
NIMS not yielding anticipated resultsremain largely unexplored.
In this regard, some recent studies have raised workforce
concerns [36]. A recent study reported that the workforce to
operate the NIMS is not adequately secured. Essential tasks
such as analysis of causes of misuse and corrective actions for
detected problems were carried out only to alimited extent due
to thelack of workforce reinforcement [36]. Furthermore, recent
in-depth interviews with 3 prescribers and 2 pharmacists
confirmed that health care professional s primarily usetheNIMS
to fulfill legal reporting requirements[37]. These latest studies
have raised the need for the introduction of a more
comprehensive measure such as “opioid stewardship,” which
encompasses guidelinesfor health care professionals, education
for patients and the public, and enhanced communication and
coordination among key stakeholders [38,39].

In comparison to similar systems overseas, thelack of real-time
access to patient’s prescription histories within the NIMS may
explain its suboptimal impact on drug usage enhancement [21].
The United States has a state-based electronic database called
prescription drug monitoring programs (PDMPs), and some
Canadian provinces operate the narcotics monitoring system
(NMS), which mandates that pharmacies submit dispensing
information for all monitored drugs [21]. NIMS, PDMPs, and
NMS share the common goal of monitoring and managing the
prescription and dispensing of narcotics to address misuse and
abuse [21]. While they share this overarching objective, these
systems differ in their operations and functionalities compared
to the NIMS. All 3 systems collect, monitor, and analyze
prescription data for controlled substances, including opioids.
However, a key distinction is that PDMPs and NMS provide
real-time accessto patients’ prescription historiesfor prescribers
and pharmacists, enabling them to promptly identify potential
misuse, overuse, or diversion of prescription medications[40].
Numerous studies have investigated the effectiveness of PDMPs
and NM S, with some demonstrating a significant reduction in
the prescription of narcotic drugs and a reduction in opioids
misuse [41-44]. These findings underscore the pivotal role of
real-time monitoring in curbing prescription abuse and misuse.

The study population had a higher representation of women
than men, who are known to experience more severe and
long-lasting pain, leading to a higher prescription ratefor opioids
[45]. Additionadly, it is noteworthy that our study population
included a higher proportion of MedAid beneficiaries (ranging
from 8.8% to 10.7%) compared to the general population, where
the percentage of MedAid beneficiariestypically remainsaround
3% [46]. Severa factors may contribute to the higher
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presentation of MedAid beneficiaries in our study. Research
has shown that this population often experiences higher rates
of chronic pain [47,48] and may have limited access to
alternative pain management treatments [49,50]. M oreover, one
important aspect to consider is the distinction in copayment
requirements between NHI and MedAid. Under the NHI system,
patients are required to make copayments for health care
services, including medications such as opioids. On the other
hand, MedAid beneficiaries generally pay lower or no
copaymentsfor medications, including opioids. Thisdistinction
can lead to different use patterns, a phenomenon often referred
to as “moral hazard” [26,51,52]. While our study primarily
focused on assessing the impact of NIMS on opioid use, the
observed variation in MedAid beneficiaries’ opioid use patterns
highlight an avenue for further research.

To the best of our knowledge, this research is the first study to
directly evaluate the impact of the NIMS on opioid use using
nationwide real-world data, providing invaluable insights into
its effect on opioid prescription patterns in South Korea and
suggesting areas for improvement. Nevertheless, our study has
several limitations that should be noted. First, the inclusion of
patients with musculoskeletal and connective tissue disorders
may limit the generalizability of the findings to other patients
with different medical conditions. Furthermore, the study’s
setting in South Korea may limit the generalizability of the
findingsto other health care systems and countrieswith different
opioid prescription practices and regulatory frameworks.
Variations in health care policies, cultural factors, and clinical
guidelines may influence opioid use patterns in distinct ways,
warranting caution when extrapolating the study’s conclusions
to other regions. Second, data analyzed in this study are based
on reimbursement claims, meaning that any opioids prescribed
outside of the national insurance market would not be recorded.
This could result in an underrepresentation of actual opioid
prescription quantities[53]. Third, the diagnostic codes assigned
to patients may not always be completely accurate, which could
impact the accuracy of the findings. Additionally, being a
guasi-experimental study using ITS, there might be uncontrolled
confounding factorsthat could influence the observed trendsin
opioid use.

It isworth noting that the NIM S has undergone improvements.
For instance, the “Information Network to Prevent Doctor
Shopping for Narcotics’ feature, similar to PDMPs, included
the entire narcotics data set since March 2021. Thisintegration
allows prescribers to assess a patient’s history of medical
narcotic use, particularly when a doctor shopping for narcotics
is suspected [20,21]. Feedback reports grounded in the NIMS
big data are sent to doctors who demonstrate problematic
prescribing behavior (eg, prescribing substantial amounts of
medical narcotics). This series of changes is expected to
gradually materialize in the form of opioid stewardship
mentioned above in South Korea. Given these circumstances,
there arises a clear need for future investigations to assess the
efficacy of the enhanced NIMS.

Conclusion

This study suggeststhat, inits current form, the NIM S may not
have brought significant improvements to the identified
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indicators of opioid overuse and misuse. Additionally, the within the NIMS could be a key contributing factor. Further
COVI1D-19 outbreak exhibited no significant influenceon opioid  exploration and enhancements are needed to maximize the
use patterns. The absence of a real-time monitoring feature NIMS' impact on curbing inappropriate opioid use.
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