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Abstract: The purpose of this study is to describe the prevalence, trends, and associations of the
use of outpatient prescription non-narcotic analgesics and proton pump inhibitors (PPIs) in Taiwan
from 2010 to 2021. We identified the most commonly prescribed analgesics and PPIs, including
paracetamol (acetaminophen) and nonsteroidal anti-inflammatory drugs (NSAIDs), in outpatient
departments according to the data from Taiwan National Health Insurance Research Database and
Taiwan’s NHI Annual Statistical Report. This study shows that the traditional non-selective NSAIDs
take the largest proportion of usage, representing over 60% of the annual usage of non-narcotic
analgesics. Acetaminophen is the second and takes over 30% of annual usage. The selective COX-2
(coxibs) takes less than 10% of usage, but its use is growing rapidly. This study also shows that the
annual usage of PPIs is growing rapidly and is not decreasing with the use of selective COX-2. The
findings in this study can help us to focus on the most commonly prescribed drugs to investigate the
prescription pattern of NSAIDs and PPIs, especially the combined use of selective COX-2 and PPIs,
in future study.

Keywords: non-narcotic analgesics; acetaminophen; nonsteroidal anti-inflammatory drugs (NSAIDs);
selective COX-2; proton pump inhibitors (PPls)

1. Introduction

Non-narcotic analgesics, also known as non-opioid analgesics or non-addictive anal-
gesics, are widely used in outpatient prescriptions as a preferred, safe, and effective first-line
therapy for mild-to-moderate acute and chronic pain. Non-narcotic analgesics encompass
paracetamol (acetaminophen) and nonsteroidal anti-inflammatory drugs (NSAIDs). In
addition to pain relief and fever reduction, NSAIDs also have anti-inflammatory effects;
therefore, the outpatient use of NSAIDs is growing rapidly [1]. However, NSAIDs have
the risk of adverse gastrointestinal effects (ulceration and bleeding), and so they are often
combined with the use of gastrointestinal protection drugs, such as proton pump inhibitors
(PPIs) [2]. This not only places a greater burden on Taiwan’s National Health Insurance
(NHI) drug expenditures, but also induces several different forms of kidney injury, includ-
ing hemodynamically mediated acute kidney injury (AKI) and acute interstitial nephritis
(AIN) [3]. Since drug expenditures account for 25 percent of total Taiwan’s NHI expendi-
tures, and as the treatment expenses of acute kidney failure and chronic kidney disease
have been the largest proportion of Taiwan’s NHI annual outpatient expenditures over a
long period of time, it is important to understand the prescription patterns of non-narcotic
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analgesics and gastrointestinal protection drugs to prevent these nephrotoxic drugs from
causing kidney damage to patients [4].

We want to investigate the following questions: (1) What were the trends in outpatient
prescription of non-narcotic analgesics and PPIs under Taiwan’s NHI from 2010 to 20217
(2) Does the usage of PPIs decrease with the use of the selective COX-2? (3) What are
the most commonly prescribed analgesics and PPIs according to annual usage in recent
years? (4) Are these analgesics used in combination with the PPIs? (5) What are their
prescription patterns? We conduct a two-step study to answer these research questions.
In study 1, we list all the non-narcotic analgesics and PPIs. We rate the risk of adverse
gastrointestinal effects of each non-narcotic analgesic and calculate the annual usage of each
type of analgesics and PPIs using data from Taiwan’s NHI Annual Statistical Report from
2010 to 2021. We describe the prevalence and trends of the use of non-narcotic analgesics
and PPIs. Then, we identify the most commonly prescribed analgesics and PPIs in recent
years. This study mainly focuses on study 1 and tries to answer the research question (1), (2),
and (3). Working with study 2, we use the list of the most commonly prescribed analgesics
and PPIs to search the outpatient prescriptions in Taiwan’s NHI Research Database. We
will collect the prescription data for these drugs, including the international classification
of disease (ICD), the dosage, the demographic characteristics of the patients, and the cities
in which a hospitals are. We will use these data to analyze the prescription patterns of the
most commonly prescribed analgesics and how they are used in combination with PPIs?
Study 2 will use the result of study 1 to answer the research question (4) and (5).

2. Materials and Methods
2.1. Data Source

We conducted a literature review in order to list all the commonly used non-narcotic
analgesics included in Taiwan’s NHI drug reimbursement. These drugs can be searched in
Taiwan’s NHI drug database [5] and can be used in outpatient prescriptions. We used the
nationwide drug usage data in Taiwan’s NHI Annual Statistical Report [6] from 2010 to
2021 to calculate the annual usage of each type of analgesics and PPIs.

2.2. Definitions of Variables

Non-narcotic analgesics encompass paracetamol (acetaminophen) and non-steroidal
anti-inflammatory drugs (NSAIDs). All these drugs have both analgesic and antipyretic
properties, and they are widely used to manage mild-to-moderate pain conditions. How-
ever, they also have the disadvantages of the potential for gastrointestinal (GI) and renal
toxicity. Paracetamol (acetaminophen) is considered to be a safe analgesic/antipyretic com-
pound and its side effects are less severe than those of the NSAIDs. Accordingly, it is widely
accepted that paracetamol is particularly suitable for patients at high risk of developing
gastrointestinal (GI) ulcers or bleeds. At high doses, it is believed that paracetamol may
induce upper GI symptoms such as abdominal pain/discomfort, nausea or vomiting [7].
Therefore, we identify the risk of gastrointestinal (GI) toxicity of paracetamol as low.

NSAIDs are categorized as traditional ‘non-selective COX-1/COX-2" NSAIDs and
selective cyclooxygenase COX-2 inhibitors (also known as coxibs). Mucosal injury in the
gastrointestinal (GI) tract is the most common adverse effect associated with NSAIDs.
Patients who receive long-term treatment with a traditional non-selective NSAID have
an approximate five-fold higher risk of peptic ulcer disease compared to non-users. The
increased risk of gastrointestinal complications associated with non-selective NSAIDs
promotes the development of newer COX-2 inhibitors (coxibs); patients receiving selective
COX-2 inhibitors have significantly lower risk of GI toxicity than those receiving non-
selective NSAIDs. Due to the high risks of GI side effects of traditional NSAIDs, patients
at increased risk of GI complications should receive either a non-selective NSAID with
proton pump inhibitors (PPIs), or a COX-2-selective inhibitor alone [1,8]. Therefore, we
identify the risk of GI toxicity of the traditional non-selective NSAIDs as high, and that of
the selective COX-2 inhibitors as low.
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In Table 1, we list all the non-narcotic analgesics, including paracetamol (acetaminophen),
traditional non-selective NSAIDs, and selective COX-2 inhibitors (coxibs) [9,10], and also
list all the proton pump inhibitors (PPIs), that are approved by the United States Food and
Drug Administration (FDA) and are included in Taiwan’s NHI drug reimbursement [11,12].
The drugs are organized by name alphabetically:

Table 1. Non-narcotic analgesics and PPIs under Taiwan’s NHI drug reimbursement.

Drug Category: Paracetamol (GI toxicity: Low)

Paracetamol (acetaminophen)

Drug Category: Traditional non-selective NSAIDs (GI toxicity: High)

Aspirin (Acetylsalicylic acid)
Diclofenac
Diflunisal
Etodolac
Fenoprofen
Flurbiprofen
Ibuprofen
Indomethacin
Ketoprofen
Ketorolac
Mefenamic
Meloxicam
Nabumetone
Naproxen
Piroxicam
Sulindac
Tiaprofenic
Tolmetin

Drug Category: Selective COX-2 (coxibs) (GI toxicity: Low)

Celecoxib
Etoricoxib
Nimesulide

Drug Category: Proton pump inhibitors (PPIs)

Dexlansoprazole
Esomeprazole
Lansoprazole
Omeprazole
Pantoprazole
Rabeprazole

3. Results

We used the drugs in Table 1 and the nationwide drug usage data in Taiwan’s NHI
Annual Statistical Report for 12 years from 2010 to 2021 to summarize the annual usage
amount of one paracetamol variety, 18 non-selective NSAIDs, three selective COX-2 drugs,
and six PPIs in Table 2. We compared the results by category and by each drug to show the
prescription trends of each category of the non-narcotic analgesics and PPIs, and to identify
the most commonly prescribed drugs in each category.

Table 2. The annual usage amount of non-narcotic analgesics and PPIs.

YEAR

2010

2011 2012 2013 2014 2015

Paracetamol (ac-
etaminophen)

289,968,123.0 318,500,285.0 337,740,212.0 341,250,942.0 353,803,635.0 363,656,649.0

Traditional non-selective NSAIDs

Diflunisal

242,486.0

256,434.0 245,354.0 217,710.0 231,813.0 179,761.0
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YEAR 2010 2011 2012 2013 2014 2015
Tolmetin 630,951.0 753,216.0 1,297,261.0 1,304,548.0 1,419,728.0 962,601.0
Ketoprofen 3,503,597.0 3,427,570.0 3,521,078.0 3,226,268.0 2,821,006.0 1,860,493.0

Fenoprofen 5284.0 69,385.0 211,378.0 296,596.0 109,203.0 301,229.0
Ketorolac 8,698,936.0 8,542,896.0 9,852,274.0 9,751,331.0 9,676,173.0 9,221,865.0
Aspirin

(Acetylsalicylic ~ 298,507,629.0 312,403,169.0  330,143,889.0 345,834212.0  355,183,608.0 358,988,218.0

acid)

Indomethacin 4,913,995.0 4,989,848.0 5,400,171.0 5,272,001.0 5,080,380.0 4,969,189.0
Diclofenac 105,388,188.0 113,914,625.0 114,958,443.0 114,371,503.0 117,778,230.0 119,748,550.0
Tbuprofen 26,112,685.0 29,869,023.0 30,398,472.0 31,111,930.0 33,478,919.0 34,317,810.0
Naproxen 10,022,990.0 10,738,575.0 10,753,129.0 10,496,405.0 10,723,367.0 10,121,624.0
Mefenamic 31,710,604.0 36,115,006.0 36,890,593.0 37,485,769.0 38,383,954.0 38,143,173.0
Piroxicam 4,366,846.0 4,326,158.0 4,403,368.0 4,911,987.0 5,051,388.0 5,090,472.0

Sulindac 10,355,898.0 9,220,923.0 8,781,799.0 8,135,472.0 8,078,662.0 7,484,095.0

Flurbiprofen 36,953,085.0 41,426,770.0 41,636,956.0 41,106,175.0 41,761,267.0 40,911,453.0
Tiaprofenic 5,923,437.0 4,446,153.0 3,821,656.0 3,282,326.0 3,335,603.0 2,904,869.0
Meloxicam 26,131,337.0 25,862,349.0 25,322,478.0 24,300,303.0 23,651,596.0 22,060,609.0
Etodolac 11,888,349.0 11,367,502.0 11,325,817.0 11,110,919.0 10,639,812.0 10,509,084.0

Nabumetone 3,736,036.0 3,243,771.0 3,015,628.0 2,880,562.0 2,300,341.0 1,829,965.0
Total—non-
selective 589,092,333.0 620,973,373.0 641,979,744.0 655,096,017.0 669,705,050.0 669,605,060.0

NSAIDs
selective COX-2 (coxibs)
Celecoxib 29,342,734.0 30,049,890.0 32,085,398.0 34,482,671.0 37,819,244.0 41,604,467.0
Nimesulide 2,678,711.0 2,649,918.0 2,740,999.0 2,928,377.0 2,845,256.0 1,908,762.0
Etoricoxib 10,362,270.0 15,424,968.0 19,954,160.0 240,80,649.0 25,918,132.0 27,480,648.0
TOtalc_Osil_‘;Cti"e 42,383,715.0 48,124,776.0 54,780,557.0 61,491,697.0 66,582,632.0 70,993,877.0
Proton pump inhibitors (PPIs)

Dexlansoprazole 0.0 0.0 0.0 0.0 1,195,419.0 6,285,019.0

Lansoprazole 15,937,975.0 16,700,483.0 21,500,786.0 21,592,943.0 22,158,816.0 18,213,277.0

Omeprazole 4,801,435.0 4,432,011.0 5,813,645.0 6,935,420.0 5,862,678.0 0.0

Esomeprazole 17,467,967.0 19,753,245.0 19,159,927.0 22,363,013.0 23,658,524.0 30,698,636.0

Pantoprazole 10,244,121.0 9,830,389.0 10,931,944.0 10,313,028.0 11,492,542.0 11,764,842.0

Rabeprazole 7,120,164.0 6,839,929.0 8,096,476.0 7,597,643.0 7,252,430.0 8,447,124.0

Total—PPIs 55,571,662.0 57,556,057.0 65,502,778.0 68,802,047.0 71,620,409.0 75,408,898.0
YEAR 2016 2017 2018 2019 2020 2021
Pj;;*fé;‘}’}ef; 379,597,405.0  393951,533.0  410,070,873.0 4312265913  431,238313.6  444,156,324.0
Traditional non-selective NSAIDs
Diflunisal 15,925.0 946.0 0.0 420 126.0 742.0
Tolmetin 40,118.0 38,568.0 40,849.0 30,057.0 26,687.0 29,282.0
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YEAR 2016 2017 2018 2019 2020 2021
Ketoprofen 1,291,454.0 1,111,806.0 1,105,834.0 1,077,942.1 849,578.2 778,493.0
Fenoprofen 962,147.0 539,040.0 768,356.0 735,468.5 714,498.2 666,893.0

Ketorolac 9,574,316.0 9,878,009.0 10,056,409.0 9,716,596.9 9,031,225.5 8,835,210.0
Aspirin

(Acetylsalicylic 366,376,105.0 375,643,630.0 383,120,666.0 387,843,093.0 396,552,486.6 405,604,122.0

acid)

Indomethacin 4,699,619.0 4,500,193.0 4,311,930.0 4,051,962.9 3,872,131.3 3,665,919.0
Diclofenac 124,424,299.0 126,483,717.0 129,178,384.0 134,009,228.4 123,874,738.5 117,569,088.0
Ibuprofen 37,103,722.0 36,957,953.0 39,371,690.0 42,481,771.0 34,680,307.2 31,025,793.0
Naproxen 9,726,423.0 9,893,139.0 9,715,407.0 9,650,615.5 9,314,947.9 8,955,645.0
Mefenamic 39,116,748.0 38,837,548.0 40,038,274.0 40,749,495.9 35,870,159.3 32,708,550.0
Piroxicam 4,939,335.0 4,919,879.0 4,742,708.0 4,363,130.7 4,082,355.6 3,844,189.0

Sulindac 6,866,559.0 4,751,456.0 2,982,862.0 2,701,063.6 2,369,758.9 2,131,301.0

Flurbiprofen 40,789,198.0 40,477,203.0 39,277,977.0 37,531,871.0 32,659,331.5 30,632,617.0
Tiaprofenic 2,784,405.0 2,915,730.0 2,503,034.0 2,382,682.1 2,334,178.0 2,280,914.0
Meloxicam 19,968,809.0 18,737,852.0 17,643,748.0 16,743,526.7 15,806,439.2 15,187,917.0
Etodolac 9,774,633.0 9,479,509.0 9,406,691.0 8,920,161.2 8,193,847.7 7,423,861.0

Nabumetone 1,627,681.0 1,452,938.0 1,238,375.0 1,291,593.0 1,005,009.0 844,861.0
Total—non-

selective 680,081,496.0 686619116.0 695503194.0 704,280,301.5 681,237,805.6 672,185,397.0
NSAIDs

selective COX-2 (coxibs)
Celecoxib 47,641,788.0 54,574,797.0 65,058,810.0 73,424,446.8 77,509,160.3 79,913,423.0

Nimesulide 1,356,054.0 1,258,767.0 543,465.0 796,130.5 871,588.5 914,066.0
Etoricoxib 26,845,756.0 28,292,589.0 30,736,150.0 30,914,130.0 34,270,097 4 34,938,118.0

T"talc_cfil_zdi"e 75,843,598.0 84,126,153.0 96,338,425.0 1051347073 112,650,8462  115,765,607.0

Proton pump inhibitors (PPIs)

Dexlansoprazole 9,213,852.0 11,516,407.0 12,539,314.0 15,043,897.5 15,068,329.3 13,804,902.0
Lansoprazole 19,129,981.0 21,591,598.0 22,822,871.0 26,078,750.0 26,921,078.8 26,332,941.0
Omeprazole 0.0 0.0 0.0 0.0 0.0 0.0
Esomeprazole 31,523,402.0 36,632,282.0 39,599,272.0 44,737,220.1 48,726,306.5 54,194,445.0
Pantoprazole 13,299,493.0 15,487,044.0 16,468,282.0 18,291,923.5 18,253,321.6 18,980,534.0
Rabeprazole 9,600,093.0 10,877,557.0 11,962,574.0 14,235,057.2 14,163,626.5 14,020,734.0
Total—PPIs 82,766,821.0 96,104,888.0 103,392,313.0 118,386,848.3 123,132,662.7 127,333,556.0

3.1. Annual Usage by Category

We compared annual usage by each category to find the prescription trends shown
in Figure 1. Figure 1 shows that the non-selective NSAIDs are the largest in usage, ac-
etaminophen is the second most used, and selective COX-2 (coxibs) have the smallest use in
non-narcotic analgesics. Figure 1 also shows that all the analgesics and PPIs are increasing
in amount each year; only the non-selective NSAIDs decreased from 2020 to 2021. We
illustrated the annual usage of the non-narcotic analgesics in percentage terms in Figure 2,
which shows the portions of the three categories clearly.
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Annual Usage by Category (Amount)
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® Paracetamol W non-selective NSAIDs i selective COX-2 PPIs
Figure 1. Annual usage by each category in amount from 2010 to 2021.

Annual Usage by Category (Percentage)
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Figure 2. Annual usage of the non-narcotic analgesics in percentage from 2010 to 2021.

3.2. Annual Growth Rate by Category

We calculated the annual growth rate of usage by each category, and we also listed the
growth rate of the annual usage of all drugs as an overall trend to see how the usage of
non-narcotic analgesics and PPIs varies compared with the overall trend of all drug usage.
The result is illustrated in Figure 3. We could see drug usage increasing every year; only
the non-selective NSAIDs decreased in 2020 and 2021. Figure 4 shows the trends in a line
graph. We see that the annual growth rates of selective COX-2 and PPIs are greater than
those the overall drug usage, the growth rate of acetaminophen is closer to the overall
trend, and the growth rate of non-selective NSAIDs is lower than the overall growth rate.

Annual Growth Rate
20.000%

15.000%

10.000%

II-IIIllI-IIII-IIlIllI Al
0.000%
IOZO !021

2011 2012 2013 2014 2015 2016 2017 2018 2019
mAcetaminophen  m non-selective NSAIDs = selective COX-2 = PPIs  m Overall drug usage

Figure 3. The annual growth rate of usage by each category and overall drug usage.
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Annual Growth Rate
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Figure 4. The annual growth rate of usage by each category and overall drug usage by line graph.

3.3. Annual Use Percentage of Each Drug

We calculated the use percentage of each drug in three categories of the traditional
non-selective NSAIDs, the selective COX-2, and the PPIs. We found there are some drugs
in a dominant position in the traditional non-selective NSAIDs. Thus, we illustrated the
six most dominant non-selective NSAIDs, covering over 90% of the usage in 18 drugs, in
Figure 5. Aspirin (acetylsalicylic acid) takes the largest proportion, with over 50% of annual
usage. Diclofenac is the second largest at about 18% of usage. Flurbiprofen, mefenamic
acid, ibuprofen, and meloxicam follow, with use rates of around 5% or less.

Annual Use Percentage - Traditional non-selective NSAIDs
100.000%

s0000% I I I I I
80.000% I I I I

70.000%
60.000%
50.000%
40.000%
30.000%
20.000%
10.000%

0.000%

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

m Aspirin (Acetylsalicylic acid) ~ m Diclofenac = Flurbiprofen ~ m Mefenamicacid ~  Ibuprofen  m Meloxicam
Figure 5. The annual use percentage of six traditional non-selective NSAIDs.

In Figure 6, there are three drugs in the selective COX-2 (coxibs). Celecoxib takes over
60% of annual selective COX-2 usage. Etoricoxib is the second largest, taking over 20% of
usage. Nimesulide is the third, with usage of less than one percent in recent years.

Annual Use Percentage - selective COX-2
120.000%

W ey my mm m O = = W OB R WOW

80.000%

60.000%
40.000%
20.000%

0.000%

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

 Celecoxib = Etoricoxib & Nimesulide

Figure 6. The annual use percentage of three selective COX-2 (coxibs).
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Six PPIs are illustrated in Figure 7. Esomeprazole takes the largest proportion of the
usage of PPIs. The usage of Omeprazole in Taiwan’s NHI Annual Statistical Report has been
aggregated with Esomeprazole since 2015. The proportion of Esomeprazole/Omeprazole
accounts for around 40% of the annual PPIs usage. Lansoprazole is the second largest,
taking over 20% of usage. Pantoprazole and rabeprazole are the third and the fourth, with
under 20% use. It is remarkable that the usage of dexlansoprazole is increasing rapidly.
The usage proportion of dexlansoprazole has taken over 10% of usage since 2016. There is
only one drug, paracetamol (acetaminophen), in the paracetamol category, and so there is
no need to figure the graph.

Annual Use Percentage - PPls
12000%

100.00%

8000% I I I I I I I

60.00%

40.00% ‘
0.00%

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

mEsomeprazole W Omeprazole & Lansoprazole = Pantoprazole  Rabeprazole B Dexlansoprazole

Figure 7. The annual use percentage of six PPIs.

4. Discussion

Figures 1 and 2 help us to answer the question of the prevalence and the trend of
non-narcotic analgesics. The traditional non-selective NSAIDs take the largest proportion
of usage over 60%, which is twice as many as the acetaminophen. The selective COX-2
(coxibs) takes the smallest proportion of the non-narcotic analgesics usage, but grows
rapidly. In Figure 4, we can see the selective COX-2 has the highest annual growth rate.
The annual growth rate of acetaminophen is also greater than the annual growth of overall
drug usage. The traditional non-selective NSAIDs show a lower annual growth rate. Their
use had been decreasing since 2020. The reason for this could be that the selective COX-2
are taking the place of the traditional non-selective NSAIDs. Although NSAIDs are widely
used, acetaminophen still takes an important place—one-third of non-narcotic analgesic
usage. It is noteworthy that the PPIs also have a high growth rate of annual usage over the
growing trend of overall drug usage. This means the usage of PPIs did not decrease with
the use of the selective COX-2 (coxibs). The result implies that it is necessary to further
investigate the prescription pattern of the NSAIDs and PPIs, especially the combined use
of selective COX-2 (coxibs) and PPIs.

Figures 5-7 help us to answer the question of what the most commonly prescribed
non-narcotic analgesics and PPIs in Taiwan’s NHI are. Aspirin (Acetylsalicylic acid),
diclofenac, flurbiprofen, and mefenamic acid are the four most commonly prescribed
traditional non-selective NSAIDs. They take over 80% of the annual usage. Aspirin
takes the largest proportion, at over 50%. Celecoxib and etoricoxib are the two most
commonly prescribed selective COX-2 (coxibs). They take 90% of the selective COX-2 usage.
Esomeprazole/omeprazole, lansoprazole, and pantoprazole are the four most commonly
prescribed PPIs. They take over 80% of the annual PPI usage.

This study gives us two important findings. The usage of PPIs is not decreasing
with the use of the selective COX-2 (coxibs); on the contrary it is increasing rapidly. It
is necessary to investigate the prescription pattern of the NSAIDs and PPIs, especially
the combined use of selective COX-2 (coxibs) and PPIs. We identify the most commonly
prescribed NSAIDs and PPIs in Taiwan’s NHI. We can focus on these drugs to investigate
the prescription pattern of the NSAIDs and PPIs using Taiwan National Health Insurance
Research Database in future research.
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