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Background: This study aimed to evaluate the prescription patterns and safety profiles of oral non-
steroidal anti-inflammatory drugs (NSAIDs) in three Chinese hospitals.

Methods: The study analyzed the data of 50,732 patients who were prescribed oral NSAIDs from July I,
2012 to August 31, 2019. The characteristics of these patients, the prescription patterns of NSAIDs, and the
drug-related safety profiles were evaluated.

Results: Oral NSAIDs were prescribed to patients of all ages. Of the patients, 81.88% were prescribed
NSAIDs on only one occasion, and 91.64% were prescribed one type of NSAID only. The combination of
different NSAIDs accounted for 2,360 person-times. Orthopedic departments most commonly used selective
cyclo-oxygenase-2 (COX-2) inhibitors, while emergency departments most commonly used traditional
NSAIDs. The incidences of gastrointestinal (GI) complications, cardiovascular (CV) events, and new-
onset hypertension were lower in patients treated with selective COX-2 inhibitors than those treated with
traditional NSAIDs and NSAID combinations (P<0.05). In relation to selective COX-2 inhibitors, incidences
of new-onset hypertension were lower in patients treated with imrecoxib than those treated with other types
of selective COX-2 inhibitors (P=0.0102).

Conclusions: In respect of the at-risk patients (i.e., those with related disease, such as GI complications,
CV events or other risks), the patterns with which oral NSAIDs were prescribed was not standardized. In
terms of adverse effects, selective COX-2 inhibitors represent a better choice than traditional NSAIDs and
NSAID combinations.
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Introduction oxygenase (COX) activity is responsible for their anti-

inflammatory actions. COX is an enzyme essential for the
Non-steroidal anti-inflammatory drugs (NSAIDs) are synthesis of prostaglandins (PGs), such as PGE,, which
one of the most frequently used classes of medicines in have a strong capacity to induce inflammation. COX
the world, accounting for nearly 5% of all prescribed is expressed in cells in two distinct isoforms. COX-1 is

medications (1). An inhibitory effect of NSAIDs on cyclo- present constitutively, while COX-2 is expressed primarily
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after an inflammatory insult. NSAIDs inhibit COX-2 at the
site of inflammation, which produces therapeutic benefits,
and COX-1 in the gastric mucosa, which produces gastric
damage (2). In recent years, a growing number of selective
inhibitors of COX-2 have been developed.

NSAIDs are extensively used to treat acute or chronic
arthritis, headaches, visceral pain, postoperative pain, and
various musculoskeletal problems (3-6). There is extensive
evidence that NSAIDs improve individuals’ quality of life
by relieving pain effectively, and reducing local and systemic
inflammatory responses (7,8). However, NSAIDs are also
associated with a number of adverse effects, including
hypertension, cardiovascular (CV) disease, kidney injury
and gastrointestinal (GI) complications (9,10). Additionally,
research has shown that children and adolescents may have
hypersensitivity reactions to NSAIDs (11,12).

Some researches recommend that NSAIDs should be
avoided in patients at high risk of related diseases (10,13).
However, due to the wide variety of NSAIDs available and
the diversity of diseases to which they are applied, the side
effects and the use of NSAIDs may not always be linked to
one another. Thus, it is necessary to address the prescription
mode adopted for and safety profiles of NSAIDs to fully
understand the clinical application of NSAIDs.

The main objectives of this study were to: (I) summarize
the characteristics of patients prescribed oral NSAIDs;
(IT) compare the clinical applications of NSAIDs across
different departments and in the treatment of different
diseases; and (III) examine the factors affecting NSAID-
induced adverse effects in China. We present the following
article in accordance with the STROBE reporting checklist
(available at http://dx.doi.org/10.21037/apm-20-2356).

Methods
Participants

The participants in this study comprised patients who were
prescribed oral NSAIDs, including imrecoxib, celecoxib,
etoricoxib, ibuprofen, diclofenac sodium, indomethacin,
and acetaminophen, for the first time while being treated
at the Third Hospital of Jinan, Jinan Central Hospital, and
Zhangqiu District People’s Hospital in Jinan, Shandong,
China from July 1, 2012 to August 31, 2019 and for
whom diagnostic information was available. All the
aforementioned oral NSAIDs were considered in this study,
as these NSAIDs are widely used and have been approved
for marketing for at least nine years in China, and thus were
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deemed suitable for this 8-year analysis of hospital patients.

Ethics

This study conformed to the standards of the Declaration of
Helsinki (as revised in 2013) and current ethical guidelines
and was reviewed and approved by the Institutional Review
Board of the Third People’s Hospital of Jinan (No. 2020-
sy-005). The need for informed consent was waived by the
Institutional Review Board.

Prescription data used for the study

The data analyzed in the study had been stored in the
hospital information systems (HISs) of the three hospitals in
accordance with the legal requirements and were governed
by current applicable statutory provisions. Data about
patients, including age, gender, marriage status, ethnicity,
hospital admission route, hospital department admission,
payment of treatment fee(s), prescription and diagnostic
information, and other clinical procedures (e.g., surgery)
at hospital admission (both before and after NSAID
prescriptions), were collected.

Study design

"This retrospective, observational and pharmacological study
examined prescription information at three hospitals in
Shandong, China from July 1, 2012 to August 31, 2019.

Endpoints

Personal characteristics of patients prescribed oral
NSAIDs

Patients’ baseline personal and clinical characteristics
were analyzed. Patients were classified into one of the
following three groups based on the NSAIDs that they had
been prescribed: (I) patients prescribed selective COX-2
inhibitors (imrecoxib, celecoxib, or etoricoxib); (II) patients
prescribed traditional NSAIDs (e.g., ibuprofen, diclofenac
sodium, indometacin, or acetaminophen that inhibit COX-
1 and COX-2 non-selectively); and (III) patients prescribed
a combination of NSAIDs (i.e., at least two types of NSAID
during one hospital admission).

Follow-up period
The follow-up period was defined as the total number of
days from the day a patient was first prescribed an NSAID
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or a combination of NSAIDs to the last day that medical
records of that same patient could be retrieved from the

HISs.

Risk factors and the prescription of oral NSAIDs
Participants’ medical histories and concomitant medications
were evaluated based on their diagnostic and prescription
data. Adopting the approach of Szeto et al. (10), patients
were defined as being at risk of GI complications if they
possessed one or two of the following risk factors: (I) were
aged >65; (II) had a previous history of an uncomplicated
ulcer; (IIT) concurrently used aspirin (low or high doses),
antiplatelet drugs, corticosteroids, or anticoagulants;
and (IV) had a history of a previously complicated ulcer
(especially, recent ulcers). Patients were defined as being at
high risk of a CV event if they had a history of an ischemic
vascular event (e.g., angina, myocardial infarction, stroke,
transient ischemic attack, or intermittent claudication), or
heart failure.

Prescription patterns of oral NSAIDs

"To determine prescription patterns of NSAIDs, an analysis
was undertaken of clinical department and diagnostic
information relating to each prescription of an NSAID or a
combination of NSAIDs to patients at admission, and each
prescription of a proton pump inhibitor (PPI) to patients at
risk of GI complications.

Safety profiles of oral NSAIDs

To examine the safety profiles of different types of NSAIDs,
the data of patients who were prescribed only one type of
NSAID and those prescribed at least two types of NSAID
during one clinical admission were included in the study.
These patients were then classified as falling into one of
the following three groups: (I) patients prescribed selective
COX-2 inhibitors; (II) patients prescribed traditional
NSAIDs; and (III) patients prescribed a combination of
NSAIDs. The occurrence of GI complications and CV
events in at-risk and not-at-risk patients, and new-onset
hypertension in patients after the use of NSAIDs was also
analyzed.

Subgroup analysis

A subgroup analysis was undertaken of patients prescribed
selective COX-2 inhibitors, including imrecoxib, celecoxib
and etoricoxib, to determine the safety profiles of these

drugs.
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Statistical analysis

The distributions of age, follow-up period, frequency,
and type of NSAID prescribed were expressed in terms
of frequencies (%) and medians [with interquartile ranges
(IQRs)], while other parameters were expressed in terms
of frequencies (%). A Pearson Chi-square test or a Fisher’s
Exact test was used to explore the safety profiles of different
NSAIDs. All the statistical analyses were conducted in R
Version 3.3.3 (R Foundation for Statistical Computing,
Vienna, Austria). A P<0.05 was considered statistically
significant.

Results
Overall prescription of NSAIDs

A total of 50,732 patients participated in the study from
July 1, 2012 to August 31, 2019. Of the patients, 16,815,
33,460 and 457 patients were prescribed selective COX-
2 inhibitors, traditional NSAIDs, and at least two types of
NSAIDs at baseline admission, respectively (see Table 1).
The median age of patients was 44.4 years (with an IQR
of 26.6 to 60.8). The results showed that patients treated
with selective COX-2 inhibitors were older than those
treated with traditional NSAIDs (52.7 vs. 35.7 years). Of
the patients, 48.31% were male, and 51.10% were female
(thus, the ratio of male to female patients was similar),
and 77.54% of Han ethnicity (77.54%). Of the patients,
most (82.44%) were prescribed NSAIDs by out-patient
departments. In relation to the payment methods of
medication fees, only 28.66% of patients were covered
for NSAIDs by their medical insurance, and a majority
of patients (53.11%) were self-paying (i.e., had to cover
the costs of the NSAIDs personally). The median follow-
up period for all patients was 3 days (with an IQR of
1 to 15). Notably, the follow-up period was longer for
patients prescribed traditional NSAIDs than those
prescribed selective COX-2 inhibitors (1 vs. 4 days) at
baseline admission. Over 80% of patients were prescribed
NSAIDs only once, and less than 10% of patients used
more than one type of NSAID. These results were similar
across patients in both the selective COX-2 inhibitor and
traditional NSAIDs groups. See Table S1 in relation to
the combination patterns for patients who were prescribed
at least two types of NSAID. In total, there were 2,360
person-times of NSAID combination prescriptions, and
98.05% of these were prescribed combinations of two

types of NSAID.
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Table 1 Characteristics of patients
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Selective Cox-2

Traditional NSAIDs

NSAIDs combination*

Variable Overall (n=50.732) " ipitors (n=16,815) (n=33,460) (n=457)
Age, years
Median (IQR) 44.4 (26.6, 60.8) 52.7 (40.6, 64.9) 35.7 (21.7, 56.8) 61.15 (45.82, 73.38)
0-6 2,183 (4.3%) 28 (0.17%) 2,155 (6.44%) 0 (0%)
7-12 2,135 (4.21%) 44 (0.26%) 2,087 (6.24%) 4 (0.88%)
13-18 2,751 (5.42%) 296 (1.76%) 2,450 (7.32%) 5 (1.09%)
19-44 18,523 (36.51%) 5,109 (30.38%) 13,315 (39.79%) 99 (21.66%)
45-64 15,144 (29.85%) 7,058 (41.97%) 7,921 (23.67%) 165 (36.11%)
>65 9,660 (19.04%) 4,159 (24.73%) 5,320 (15.9%) 181 (39.61%)
Gender
Male 24,508 (48.31%) 7,493 (44.56%) 16,799 (50.21%) 216 (47.26%)
Female 25,923 (51.10%) 9,201 (54.72%) 16,484 (49.26%) 238 (52.08%)
Unknown 301 (0.59%) 121 (0.72%) 177 (0.53%) 3(0.66%)
Marriage
Single 765 (1.51%) 16 (0.10%) 743 (2.22%) 6 (1.31%)
Married 2,982 (5.88%) 232 (1.38%) 2,671 (7.98%) 79 (17.29%)
Divorced 5(0.01%) 0 (0%) 5 (0.01%) 0 (0%)
Widowed 38 (0.07%) 4 (0.02%) 34 (0.10%) 0 (0%)
Unknown 46,942 (92.53%) 16,563 (98.50%) 30,007 (89.68%) 372 (81.40%)
Ethnicity
Han 39,339 (77.54%) 8,344 (49.62%) 30,628 (91.54%) 367 (80.31%)
Hui 100 (0.20%) 24 (0.14%) 74 (0.22%) 2 (0.44%)
Man 31 (0.06%) 6 (0.04%) 25 (0.07%) 0 (0%)
Unknown 11,223 (22.12%) 8,432 (50.15%) 2,703 (8.08%) 88 (19.26%)

Hospital admission route
Out-patient department
Emergency department
In-patient department
Unknown

Payment method
Medical insurance
Rural cooperative medical service
Self-paying
Public health service

Others

41,824 (82.44%)
2,087 (4.11%)
6,517 (12.85%)

304 (0.6%)

14,539 (28.66%)
834 (1.64%)
26,945 (53.11%)
2,234 (4.4%)
6,065 (11.95%)

14,175 (84.3%)
4 (0.02%)
2,552 (15.18%)
84 (0.5%)

4,700 (27.95%)
609 (3.62%)
10,867 (64.63%)
324 (1.93%)
211 (1.25%)

27,510 (82.22%)
2,083 (6.23%)
3,649 (10.91%)
218 (0.65%)

9,578 (28.63%)
186 (0.56%)
15,985 (47.77%)
1,870 (5.59%)
5,834 (17.44%)

139 (30.42%)
0 (0%)
316 (69.15%)
2 (0.44%)

261 (57.11%)
39 (8.53%)
93 (20.35%)
40 (8.75%)
20 (4.38%)

Table 1 (continued)
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Table 1 (continued)

Selective Cox-2 Traditional NSAIDs NSAIDs combination

Type of NSAIDs prescribing

Median (IQR)
1
2
3
>3

Medical history
Hypertension

Angina

Myocardial infarction

Stroke

Transient ischaemic attack
Intermittent claudication
Chronical kidney disease
Peptic ulcer disease

Concomitant medication

10, 1]
46,493 (91.64%)
3,769 (7.43%)
422 (0.83%)
48 (0.09%)

5,982 (11.79%)
440 (0.87%)
224 (0.44%)

1,881 (3.71%)
86 (0.17%)
1 (0.00%)
452 (0.89%)
351 (0.69%)

10, 1]
16,047 (95.43%)
691 (4.11%)
67 (0.4%)

10 (0.06%)

1,416 (8.42%)
154 (0.92%)
63 (0.37%)
547 (3.25%)
28 (0.17%)

0 (0%)
85 (0.51%)
83 (0.49%)

101, 1]
30,446 (90.99%)
2,644 (7.90%)
334 (1.00%)
36 (0.11%)

4,460 (13.33%)
264 (0.79%)
152 (0.45%)

1,289 (3.85%)
55 (0.16%)
1 (0.00%)

362 (1.08%)

264 (0.79%)

Variable Overall (n=50.732) " ipitors (n=16,815) (n=33,460) (n=457)
Follow-up duration (days)
Median (IQR) 3[1, 157 11, 63] 4[1,219] 197, 158]
Frequency of NSAIDs prescribing
Median (IQR) 101,1] 1[1,1] 101,1] 3[2,4]
1 41,538 (81.88%) 13,595 (80.85%) 27,943 (83.51%) 0 (0%)
2 5,310 (10.47%) 1,911 (11.36%) 3,175 (9.49%) 224 (49.02%)
3 1,632 (3.22%) 577 (3.43%) 965 (2.88%) 90 (19.69%)
>3 2,252 (4.44%) 732 (4.35%) 1,377 (4.12%) 143 (31.29%)

2[2,2]

0 (0%)
434 (94.97%)
21 (4.6%)
2(0.44%)

106 (23.19%)
22 (4.81%)
9 (1.97%)
45 (9.85%)
3 (0.66%)
0 (0%)
5 (1.09%)
4 (0.88%)

Anticoagulants 9,476 (18.68%) 2,719 (16.17%) 6,509 (19.45%) 248 (54.27%)
Antiplatelet drugs 7,696 (15.17%) 1,827 (10.87%) 5,695 (17.02%) 174 (38.07%)
Corticosteroids 2,334 (4.60%) 870 (5.17%) 1,400 (4.18%) 64 (14%)
ACEI plus diuretics 441 (0.87%) 97 (0.58%) 327 (0.98%) 17 (3.72%)
Coronary artery bypass surgery 22 (0.04%) 3 (0.02%) 19 (0.06%) 0 (0%)

*, NSAIDs combination means patients who were prescribed with at least two kinds of NSAIDs at the first visit. NSAIDs, non-steroidal an-
tiinflammatory drugs; COX, cyclooxygenase; NSAIDs, non-steroidal antiinflammatory drugs; IQR, interquartile range; ACEI, angiotensin-
converting enzyme inhibitor.

Prescription patterns of selective COX-2 inbibitors and departments, and the diagnosis information of patients

traditional NSAIDs prescribed NSAIDs were analyzed (see Figures I and 2,

To determine the prescription patterns of NSAIDs, respectively). In relation to hospital departments, the

the distribution of physicians from different hospital 10 departments that prescribed selective COX-2 inhibitors
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Figure 1 Pattern of NSAIDs prescription in different clinical departments (top-10, person-time). (A) All NSAIDs; (B) selective COX-2

inhibitors; (C) non-selective NSAIDs. NSAIDs, non-steroidal anti-inflammatory drugs; COX, cyclooxygenase.

the most frequently were the orthopedic, pain clinic,
health, endocrinology, internal medicine, rheumatism
and immunology, cardiology, neurology, respiratory, and
nephrology departments (see Figure 1B). Conversely, the 10
departments that prescribed selective traditional NSAIDs
the most frequently were the emergency, health, pediatrics,
internal medicine, orthopedic, neurology, respiratory,
stomatology, cardiology, gynecology, and obstetrics
departments (see Figure 1C).

Further, the 10 most common diseases of patients
prescribed both types of NSAIDs largely accorded
with the results for the hospital departments. Patients
with osteoarthritis, lower back pain, soft tissue injuries,
rheumatoid arthritis, hypertension, bone fractures, diabetes
mellitus, cervical spondylosis, coronary heart disease, and
gout were most frequently prescribed selective COX-
2 inhibitors (see Figure 2B). Patients with fevers, upper
respiratory infections, osteoarthritis, hypertension, diabetes
mellitus, chronic ischemic heart disease, headaches,

© Annals of Palliative Medicine. All rights reserved.

bronchitis, coronary heart disease, and soft tissue injuries
were most frequently prescribed traditional NSAIDs (see
Figure 2C).

Risks of using NSAIDs

This study also examined the proportion of at-risk patients
who were prescribed NSAIDs. Of the patients in the present
study, 14,473 (28.53%) were at risk of GI complications,
2,465 (4.86%) were at high risk of a CV event, 5,982
(11.79%) had hypertension, and 452 (0.89%) had a history
of chronical kidney disease history. Further, 9,476 (18.68%),
7,696 (15.17%), 2,334 (4.60%), and 441 (0.87%) patients
took concomitant anticoagulant medications, antiplatelet
drugs, corticosteroids, and angiotensin-converting enzyme
inhibitors (ACEI), respectively. Notably, patients were
prescribed diuretics when NSAIDs were prescribed. In
relation to the patients that underwent coronary artery
bypass surgery, 22 (0.04%) were prescribed NSAIDs

Ann Palliat Med 2021;10(2):2224-2237 | http://dx.doi.org/10.21037/apm-20-2356
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Figure 2 Pattern of NSAIDs prescription in different diseases (top-10, person-time). (A) All NSAIDs; (B) selective COX-2 inhibitors; (C)
non-selective NSAIDs. NSAIDs, non-steroidal anti-inflammatory drugs; COX, cyclooxygenase.

Table 2 Prescription of PPIs in patients with or without gastrointestinal risk

Risk classification Overall

Selective COX-2 inhibitors Traditional NSAIDs

Overall 6,422 (12.66%)

Without gastrointestinal risk 2,733 (7.54%)

With gastrointestinal risk 3,689 (25.49%)

2,117 (11.76%) 4,476 (13.04%)

517 (4.41%) 2,230 (8.87%)

1,600 (25.52%) 2,246 (24.45%)

PPIs, proton pump inhibitors; COX, cyclooxygenase; NSAIDs, non-steroidal antiinflammatory drugs.

during the preoperative period (see Table I). Notably, only
25.49% patients at risk of GI complications were prescribed
NSAIDs and PPIs (see Table 2).

Safety profiles of selective COX-2 inhibitors and
traditional NSAIDs

The occurrence of GI complications, CV events, and new-
onset hypertension was also analyzed. In relation to patients
at risk of GI complications, the results showed that selective
COX-2 inhibitors were safer than traditional NSAIDs and
NSAID combinations among patients at risk or relative risk

© Annals of Palliative Medicine. All rights reserved.

2.25% vs. 4.67% vs. 6.70%, P<0.0001; 0.35% vs. 0.92%
vs. 2.70%, P<0.0001, respectively, Figure 3A4). Further
analysis suggested that selective COX-2 inhibitors induced
less GI complications than traditional NSAIDs in both
groups (P<0.0001, Figure 34), and traditional NSAIDs
were safer than NSAID combinations in the non-risk group
(P=0.0301, Figure 3A). Similar results (17.82% wvs. 22.93%
vs. 26.09%, P=0.0175, Figure 3B) were found for patients
in the risk group in relation to CV events. Compared with
traditional NSAIDs, selective COX-2 inhibitors did not
increase the risk of CV events (P=0.0084, Figure 3B). In
the non-risk group, selective COX-2 inhibitors were also

Ann Palliat Med 2021;10(2):2224-2237 | http://dx.doi.org/10.21037/apm-20-2356
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Figure 3 Occurrences of gastrointestinal complications, cardiovascular events and hypertension new-onset in patients at risk or relative risk

after using different NSAIDs. (A) Gastrointestinal complications; (B) cardiovascular events; (C) hypertension new-onset. NSAIDs, non-

steroidal anti-inflammatory drugs.

found to be safer than NSAID combinations (1.23% uvs.
4.37%, P<0.0001, Figure 3B). In addition, the proportion
of new-onset hypertension caused by selective COX-
2 inhibitors among patients was less than that caused by
traditional NSAIDs and NSAID combinations (2.59% uvs.
3.41% wvs. 13.04%, P<0.0001, Figure 3C). Of these patients,
the difference between selective COX-2 inhibitors and
traditional NSAIDs was significant (P<0.0001; Figure 3).

A subgroup analysis of the three selective COX-
2 inhibitors showed that while there was no significant
difference among the three subgroups, the number of
patients at risk of suffering from GI complications was
relatively lower among patients treated with imrecoxib
than patients treated with celecoxib or etoricoxib (1.82%
vs. 2.63% vs. 1.86%, Figure 4A). In relation to patients who
were not at risk of GI complications, the results of the three
subgroups showed a statistically significant trend (0.12%

© Annals of Palliative Medicine. All rights reserved.

vs. 0.33% wvs. 0.46%, P=0.056, Figure 44). The incidence
of GI complications caused by imrecoxib was lower than
that caused by etoricoxib (P=0.0177, Figure 4A). In relation
to CV events, the results for patients in the at-risk group
were similar (11.63% wvs. 19.35% vs. 17.28%, Figure 4B).
Conversely, the results for patients in the non-risk group
revealed that imrecoxib was safer than celecoxib (0.95%
vs. 1.80%, P=0.0016, Figure 4B). Further, patients treated
with celecoxib had a higher rate of new hypertension than
those treated with imrecoxib (3.14% wvs. 2.32%, P=0.0294;
Figure 4C).

Discussion

This study investigated recent prescription patterns of oral
NSAIDs in real-world clinical settings using the databases
of three Chinese hospitals. The results provided insights
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Figure 4 Occurrences of gastrointestinal complications, cardiovascular events and hypertension new-onset in patients at risk or relative risk

after using different selective COX-2 inhibitors. (A) Gastrointestinal complications; (B) cardiovascular events; (C) hypertension new-onset.

COX, cyclooxygenase.

into the numbers and characteristics of patients prescribed
oral NSAIDs, including selective COX-2 inhibitors (i.e.,
imrecoxib, celecoxib, and etoricoxib), traditional NSAIDs
(i.e., ibuprofen, diclofenac sodium, indometacin and
acetaminophen), and combination NSAID prescriptions.
The results also revealed the prescription patterns of oral
NSAIDs, and the safety profiles of patients treated with
different types of NSAIDs.

Patients characteristics

Age

In general, the results showed that NSAIDs were prescribed
to patients of all age groups. Patients treated with selective
COX-2 inhibitors were older than those treated with
traditional NSAIDs (52.7 vs. 35.7 years). There may be
two reasons. On the one hand, the elderly tend to gather
many gastrointestinal risk factors (14), such as advanced
age, history of peptic ulcers, and combined medications;
on the other hand, selective COX-2 inhibitors have

© Annals of Palliative Medicine. All rights reserved.

significant gastrointestinal safety compared to traditional
NSAIDs (15). Therefore, clinicians are more inclined to
prescribe selective COX-2 inhibitors for elderly patients.
Notably, nearly half of the patients in this study who were
prescribed were NSAIDs were aged over 45. However,
somewhat surprisingly, 13.93% of the participants who were
prescribed oral NSAIDs were children and adolescents (aged
under 18). Presently, pharmacological research indicates
that the use of oral NSAIDs, especially the three selective
COX-2 inhibitors examined in this study, to treat children
is rare. Indeed, the instructions for imrecoxib, celecoxib
and etoricoxib clearly state that the safety and efficacy for
children’s use of these drugs have not yet been verified.
Notably, traditional NSAIDs (mainly ibuprofen and
paracetamol) have been reported to cause adverse events
in children, including hypersensitivity reactions (11,12).
Appropriate drug provocation tests could be administered to
determine whether one or more COX-2 specific or COX-2
preferential medications are safe for use (16,17). However,
the prescription of oral NSAIDs (regardless of whether they
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are selective COX-2 inhibitors or traditional NSAIDs) to
children and adolescents should be carefully evaluated and
drug instructions carefully considered.

Type and frequency

In relation to the frequency and type of NSAID prescribed,
over 80% of the patients were prescribed an NSAID only
once, and fewer than 10% of the patients were prescribed
more than one type of NSAID. The results in this respect
were similar among patients prescribed selective COX-
2 inhibitors and those prescribed traditional NSAIDs.
In relation to NSAID combinations, patients were most
commonly prescribed acetaminophen and ibuprofen (720
person-time). Thus, the results suggest that in clinical
applications, courses of NSAIDs are relatively short, and
combined NSAID prescriptions are not common. It may
be that the duration of NSAID treatments is connected
to the type of disease. For example, patients suffering
from fever and acute pain were generally only treated
with selective COX-2 inhibitors or traditional NSAIDs
for a few days (18-20). Conversely, the courses of oral
NSAID prescriptions for patients suffering from chronic
pain and inflammation were more prolonged. Notably,
the recommended course of treatment for selective COX-
2 inhibitors is usually 6-8 weeks. However, a course
of treatment may take as long as 3—-6 months to treat
prophylaxis of attacks of acute gout (21), and a course
of oral NSAIDs usually takes 2-4 weeks to treat hand
osteoarthritis (22). The present study’s findings in relation
to the low frequency with which NSAIDs were prescribed
were consistent with the data on which diseases were
being treated. However, it should be noted that the results
indicating that NSAIDs were only prescribed with low
frequency could be related to the short follow-up time.
The study’s findings in relation to the appropriateness with
which physicians prescribed oral NSAIDs is noteworthy.

Prescription patterns

Departments and diseases

The research showed that the departments using NSAIDs
and the diseases treated by NSAIDs were very diverse.
Traditional NSAIDs were most commonly used in
emergency departments, while selective COX-2 inhibitors
were most commonly used in orthopedic departments.
Additionally, the most common diseases of patients
prescribed both types of NSAIDs largely accorded with
the results for the hospital departments. Selective COX-

© Annals of Palliative Medicine. All rights reserved.

2233

2 inhibitors were most frequently prescribed to patients
with osteoarthritis, while traditional NSAIDs were most
frequently prescribed to patients with fevers. Selective
COX-2 inhibitors, such as celecoxib and imrecoxib,
are effective at managing pain in patients with knee
osteoarthritis, and are routinely used in clinical practice
(23-25). Compared to the courses of medication prescribed
by the emergency department, those prescribed by
orthopedic departments were relatively long, which may
be one of the reasons why selective COX-2 inhibitors with
fewer adverse GI effects were prescribed.

Concomitant medications

Most studies that include subgroup analyses of different
anti-hypertensive regimens report that an increase in
blood pressure (BP) (especially systolic BP) following the
administration of a NSAID is more pronounced among
patients who are treated with an ACEI or angiotensin
receptor blocker (ARB) than other agents (26-29). Notably,
in a nested case-control study of 78,379 patients, the
absolute increase in acute kidney injury risk was higher
when NSAIDs were used with diuretic agents and an ACEI
or ARB than when NSAIDs were used with an ACEI or
ARB alone (and no diuretic agents) (30). The results of
the present study showed that 441 (0.87%) patients took
concomitant medications of ACEI plus diuretics if NSAIDs
were prescribed, which is somewhat controversial given
the guidelines (10). Given the possible GI complications
NSAIDs can induce, it is recommended that patients with
a moderate risk of peptic ulcer disease be prescribed a
traditional NSAID plus a PPI or selective COX-2 inhibitor.
It is also recommended that patients at high risk of peptic
ulcer disease be prescribed a selective COX-2 inhibitor
plus a PPI (10). Notably, the results of the present showed
that only 25.49% of patients at risk of GI were prescribed
NSAIDs plus PPIs. Given the number of reports of
concomitant medicines being inappropriately prescribed
under the guidelines, increased efforts need to be made to
ensure the safe prescribing of oral NSAIDs.

Safety

Oral NSAIDs are the predominant medications used to
manage fever, inflammation and pain worldwide; however,
their safety, particularly in relation to patients at risk of CV
events and GI complications, has raised concerns in recent
years. This study sought to evaluate the factors of NSAIDs
that induce adverse effects among high-risk populations.
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Selective COX-2 inhibitors and traditional NSAIDs
The findings revealed that in relation to GI complications
and CV events, selective COX-2 inhibitors had a better
safety profile than traditional NSAIDs no matter the
population or the relative risks. Similar results were found
in relation to new-onset hypertension. Our findings are
supported by several other studies. Notably, selective COX-
2 inhibitors have been found to produce fewer upper GI
ulcers and bleeds (31-33), and less GI upset (34) than
traditional NSAIDs. It has been postulated that COX-2
inhibitors have a higher CV risk than traditional NSAIDs;
however, the excess risk appears to be largely confined to
rofecoxib (35,36). The risk of CV disease following NSAID
therapy is considerable in patients at high risk of CV (37,38)
or those with a pre-existing CV disease (38,39). In patients
with a history of atherosclerotic CV events, a randomized
controlled trial showed that the risk of a CV event after
NSAID therapy for 18 months was 4.4-5.5% (40). Thus,
appropriate recognition of high- risk cases, selection of a
specific agent, choice of ulcer prophylaxis and monitoring
after therapy are necessary to minimise the risk of adverse
events (10).

Different selective COX-2 inhibitors

In relation to selective COX-2 inhibitors, the proportions
of patients that suffered from GI complication, CV events
or new-onset hypertension were relatively lower in patients
treated with imrecoxib than in those treated with celecoxib
and etoricoxib. Previous studies on the adverse effects of
celecoxib and etoricoxib have shown that etoricoxib causes
a greater increase in BP than celecoxib (and that the effects
of celecoxib are relatively small) (26,41,42). Research has
also shown that celecoxib does not lead to an increase in
the risk of CV events (43). The results of the present study
also suggest that imrecoxib causes fewer adverse events
than celecoxib and etoricoxib. Imrecoxib is a new selective
COX-2 inhibitor that was developed to have moderate
inhibition effects (44). Clinical trials have demonstrated that
imrecoxib shows 50% inhibitory concentration (ICsj) of
COX-1 and COX-2 isozymes by 115+28 and 18+4 nmol/L,
respectively (45). Its selective index (ICsq, cox.1/cox2) of 6.39
fell between that of meloxicam and celecoxib (46). It is
currently registered in China for the symptomatic treatment
of osteoarthritis, and has been widely prescribed since its
launch in 2011 (45). Given its efficacy and that it causes less
adverse events than celecoxib and etoricoxib, it has strong
potential for applications in clinical scenarios.
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Limitations

Due to a number of limitations, the findings of the
present study should be interpreted cautiously. First, this
study examined three centers that were all located in the
Shandong province. Patients’ information from a period
of 8 years was evaluated; however, the sample size was
still relatively narrow. Thus, the results may not be fully
generalizable to other areas in east China. Future studies
should be conducted in other cities and towns across China
to address this limitation. Second, the number of patients
who participated in the study may have been under- or
over-estimated, as not all of the diagnostic information in
Chinese HISs has been coded according to the International
Classification of Diseases standards. Consequently, there
may have been limitations in defining different diseases
and analyzing the diagnosis information of patients who
had been prescribed NSAIDs. Third, the duration of the
follow-up period was not long due to the general weakness
of the retrospective searches. Fourth, there are several
shortcomings in retrospective research, such as selection
bias and information bias, and the data that can be analyzed
are limited. In the future, well-designed cohort studies
or before-after studies should be undertaken to assess the
adverse effects of oral NSAIDs, such as liver and kidney
damage, after long periods among larger cohorts.

Conclusions

This clinical study used 8-year prescription databases of
three Chinese hospitals to examine the prescription patterns
of oral NSAIDs. The results showed that that NSAIDs
were prescribed to patients of all ages and prescribed
at a high rate to elderly patients. Traditional NSAIDs
were most commonly used in emergency departments to
treat fevers, while selective COX-2 inhibitors were most
commonly used in orthopedic departments. The study also
found that the occurrence of adverse events, including GI
complications, CV events and new-onset hypertension,
in high-risk populations could related to the use of both
traditional NSAIDs and selective COX-2 inhibitors,
and that selective COX-2 inhibitors might be safer than
traditional NSAIDs. Further, some drugs, such as ACEI,
were found to aggravate adverse events when prescribed in
combination with oral NSAIDs. Further research should
be conducted to assist in the standardization of clinical
prescriptions of NSAIDs.
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Supplementary

Table S1 NSAIDs combination prescriptions during each visit

(person-time)

Table S1 (continued)

NSAIDs combination

Person-
time

NSAIDs combination Pe.rson-
time
Acetaminophen + ibuprofen 720
Diclofenac sodium + indometacin 386
Diclofenac sodium + ibuprofen 276
Acetaminophen + indometacin 191
Indometacin + ibuprofen 152
Diclofenac sodium + acetaminophen 121
Diclofenac sodium + celecoxib 113
Etoricoxib + celecoxib 66
Etoricoxib + diclofenac sodium 46
Indometacin + celecoxib 32
Diclofenac sodium + loxoprofen 31
Celecoxib + acetaminophen 28
Diclofenac sodium + imrecoxib 26
Celecoxib + ibuprofen 22
Etoricoxib + ibuprofen 17
Etoricoxib + indometacin 14
Indometacin + loxoprofen 12
Diclofenac sodium + indometacin + acetaminophen 11
Acetaminophen + loxoprofen 10
Diclofenac sodium + indometacin + ibuprofen 9
Celecoxib + loxoprofen 9
Celecoxib + imrecoxib 9
Etoricoxib + loxoprofen 7
Etoricoxib + imrecoxib 7
Acetaminophen + imrecoxib 6
Etoricoxib + diclofenac sodium + indometacin 4
Etoricoxib + acetaminophen 4
Diclofenac sodium + celecoxib + acetaminophen 4
Diclofenac sodium + acetaminophen + ibuprofen 3
Indometacin + imrecoxib 3
Etoricoxib + diclofenac sodium + celecoxib 2
Diclofenac sodium + indometacin + celecoxib 2
Diclofenac sodium + celecoxib + ibuprofen 2

Indometacin + acetaminophen + ibuprofen
Ibuprofen + loxoprofen

Ibuprofen + imrecoxib

Loxoprofen + imrecoxib

Etoricoxib + celecoxib + imrecoxib

Diclofenac sodium + indometacin + loxoprofen
Diclofenac sodium + celecoxib + loxoprofen
Diclofenac sodium + celecoxib + imrecoxib
Indometacin + celecoxib + ibuprofen + imrecoxib
Indometacin + ibuprofen + loxoprofen
Indometacin + ibuprofen + imrecoxib

Total

2

2
2
2

2,360

Table S1 (continued)
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NSAIDs, non-steroidal antiinflammatory drugs.
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