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Introduction:We investigated trends in the use of therapeutic drugs for pregnant
patients with rheumatic diseases in nine Chinese cities (Beijing, Chengdu,
Guangzhou, Harbin, Hangzhou, Shanghai, Shenyang, Tianjin, and Zhengzhou)
to provide a reference for drug use in clinic.

Methods: Outpatient prescription data for pregnant patients diagnosed with
rheumatic diseases in nine cities across China in 2016–2021 were extracted
from the Hospital Prescription Cooperation Project of the Hospital Pharmacy
Professional Committee of the Chinese Pharmaceutical Association. A
retrospective analysis was then performed, incorporating data on patient age,
defined daily doses (DDDs), defined daily cost (DDC), and other metrics.

Results: In 2016–2020, more than 70% of the pregnant patients diagnosed with
rheumatic diseases in these nine cities were 25 to < 35 years of age. The most
common rheumatic diseases during pregnancy were antiphospholipid antibody
syndrome (APS) and systemic lupus erythematosus (SLE). In terms of the routine
use of daily therapeutic drugs, the DDDs of low molecular weight heparins
(LMWHs), glucocorticoids, and immunosuppressive agents dominated the top
three. Intravenous immunoglobulin (IVIG) and tumor necrosis factor inhibitors
(TNFi) have been used since 2019 and had been in the forefront of the DDC.

Conclusion: The number and total cost of prescriptions for therapeutic drugs of
pregnancy complicated by rheumatic diseases, have increased significantly over
the study interval. Conventional therapeutic drugs, especially glucocorticoids,
LMWHs, and hydroxychloroquine were the most widely used drugs in pregnant
patients with rheumatic diseases. However, IVIG and TNFi, relatively high cost,
have shown gradual increases in clinical use since 2019.
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Introduction

Rheumatic diseases are more common in females in their reproductive years. Pregnancy
is a significant factor that can influence and be influenced by rheumatic diseases, including
systemic lupus erythematosus (SLE), antiphospholipid antibody syndrome (APS),
rheumatoid arthritis (RA), and Sjogren’s syndrome (SS) (El Miedany and Palmer,
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2020). Pregnancy can potentially jeopardize both the health of the
mother and the unborn child by worsening whatever rheumatic
ailment the woman currently has as well as by causing fetal adverse
events. Examples include recurrent spontaneous abortion in the first
trimester, fetal death in the last trimester, fetal growth restriction,
thrombocytopenia, preeclampsia, and eclampsia. Both the European
League Against Rheumatism and the American College of
Rheumatology concur that ensuring appropriate utilization of
pregnancy-compatible antirheumatic drugs is imperative for
attaining a satisfactory pregnancy outcome in women with
rheumatic diseases (Götestam Skorpen et al., 2016; Sammaritano
et al., 2020). Therefore, it is critical to continue taking rheumatic
diseases medications and to understand the variety of medications
that can be used to treat rheumatic diseases while pregnant (Pacini
et al., 2020). At present, recommendations for safe therapeutic
medications for rheumatic diseases during pregnancy have been
given by guidelines from both China and abroad (Birru Talabi and
Clowse, 2020; Zhang et al., 2021). Some drugs such as
glucocorticoids, immunosuppressive agents, low molecular weight
heparins (LMWHs), non-steroidal anti-inflammatory drugs
(NSAIDs), tumor necrosis factor inhibitors (TNFi), and
intravenous immunoglobulin (IVIG) can be appropriate for use
during pregnancy complicated by rheumatic diseases.

The medication’s effectiveness is impacted by many factors
during pregnancy, including early-pregnancy nausea and
vomiting, late-pregnancy frequent urination, and changes in
the body’s hormone levels. Furthermore, pregnant women are
also psychologically more likely to experience negative feelings
including stress, worry, sensitivity, and despair. Patients
frequently have worries about the safety of medications and
have poor compliance due to the specific physiological and
psychological characteristics of women during pregnancy.
Clinical pharmacists in hospitals should increase patient
medication adherence by logical drug use promotion and
enhance drug efficacy and safety monitoring. At the same
time, they need to keep an eye on adverse drug reactions and
drug-drug interactions, provide timely pharmacological advice to
physicians and patients, and improve the level of rational drug
use (Zhang et al., 2019). For example, the risk of miscarriage
increases with the use of NSAIDs in the first trimester, and they
should be avoided in the last stages of pregnancy because they
may result in the premature closure of the fetal ductus arteriosus
(Koren et al., 2006; Brouwer et al., 2015). Relatively low doses of
glucocorticoids (e.g., prednisone less than 10 mg or equivalent)
administered orally, intra-articularly, or intramuscularly have a
better safety profile during pregnancy. However, taking more
than 20 mg of prednisone per day may result in premature birth
and fetal orofacial clefts (Birru Talabi and Clowse, 2020).

In this study, we statistically analyzed the use of therapeutic
drugs for rheumatic diseases during pregnancy in nine Chinese
cities from 2016 to 2021. We aimed to comprehensively describe
the real-world prescription patterns among patients with
rheumatic diseases during pregnancy by using national multi-
center data sources, with a focus on comprehending
patient characteristics and the trends in therapeutic drug use,
in order to provide a reference for the development of
rational use of clinical drugs, monitoring techniques and
scientific diffusion.

Materials and methods

Data extraction

The research data were obtained from the Hospital Prescription
Cooperation Project overseen by the Chinese Pharmaceutical
Association, which incorporates 132 sample hospitals in nine cities:
Beijing, Chengdu, Guangzhou, Harbin, Hangzhou, Shanghai,
Shenyang, Tianjin, and Zhengzhou. Prescription data for 10 working
days in each quarter from 2016 to 2021 (40 working days from
4 quarters and 240 working days in total over 6 years) were
randomly selected through the information system of each hospital.
Electronic information on outpatient prescriptions and inpatient
medical orders over 10 working days in each quarter were
summarized and included in the database of the Hospital
Prescription Cooperation Project.

Evaluation criteria and methods

Prescription data containing the fields “pregnancy” and “systemic
lupus erythematosus” or “antiphospholipid antibody syndrome” or
“Sjogren’s syndrome” or “rheumatoid arthritis” in the outpatient
diagnosis were extracted. We extracted information on the clinical
diagnosis, age, prescription number, department name, drug generic
name, trade name, usage and dosage, prescription cost, drug quantity,
drug unit price and other information. The research scope excluded
prescriptions that only contain medications for the treatment of
endocrine diseases, digestive system diseases, and other non-
rheumatic diseases. The prescription data on drugs for rheumatic
diseases were subjected to statistical analysis. For further analyses,
we subdivided the data into four age groups (20 to < 25, 25 to <
30, 30 to < 35, 35 to < 40, ≥ 40 years).

The analysis method based on the defined daily dose system
(DDDs) as recommended by the World Health Organization
(WHO) (ATC/DDD Index, 2023) was adopted. Using the DDD
from the 2015 Clinical Medicine Guidelines of the Pharmacopoeia
of the People’s Republic of China, WHO website data and drug
instructions, prescription frequency, prescribed dosage, and
prescription cost were calculated for each generic name drug, and
the DDDs and defined daily cost (DDC) were calculated, sorted, and
analyzed. DDDs = the total annual prescribed dose of a drug/DDD of
the drug. The larger the DDDs, the higher the frequency of drug usage
in the clinic. DDC = the total annual prescription cost of a drug/DDDs
of the drug. DDC therefore indicates the average daily cost of a drug,
and a larger DDC indicates that the prescribed drugs impose a greater
economic burden on patients.

Ethics statement

This study protocol was approved by the Ethics Committee of
the Obstetrics and Gynecology Hospital of Fudan University
(approval number: 2023-01). The prescription data in our study
solely encompassed patients age, relevant diagnosis, and utilization
of treatment drugs, without any inclusion of personal identification
information or medical insurance privacy. Thus, we waived the
requirement for informed consent from the participants.
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Statistical analysis

We counted the types of medications used for pregnant
patients with rheumatic diseases. Data classification and
analyses were performed using Excel 2013 and Stata
15.0 software. We analyzed the demographic characteristics,
prescription costs, and DDDs and DDC of all drug kinds in
the provided data, while choosing representative drugs that were
ranked in the top 10 for both DDDs and DDC for discussion
respectively. Chi-square tests were used to compare demographic
characters of patients and disease distribution, p values less
than 0.05 considered as statistically significant (Pang and
Ma, 2022).

Results

Age distribution of patients with rheumatic
diseases during pregnancy

The treatment of pregnancy complicated by rheumatic
diseases has attracted increasing clinical attention. The
prescription number increased from 93 in 2016 to 1,544 in
2021, an increase of 1,560.2%. Pregnant women aged 25 to <

30 years and 30 to < 35 years were the main demographic
who used drugs to treat rheumatic diseases, accounting for
more than 70% of the surveyed prescriptions. Among them,
the percentage of these patients aged 30 to < 35 years was 47.3%,
47.2%, 39.9%, 46.1%, 43.8%, and 42.0% in 2016–2021,
respectively. In addition, the proportion of patients aged
35 to < 40 years gradually increased and reached a maximum
in 2021, with an increase of 107.4% compared with
2016 (Table 1).

Prescription numbers for pregnancy with
rheumatic diseases in different cities

Statistical analysis showed that the number of prescriptions
varied widely among the nine studied cities from 2016 to 2021.
When cities were ranked by prescription numbers, Guangzhou,
Chengdu, and Hangzhou were the top three cities in the 6 years. In
Guangzhou, the number of prescriptions for combined rheumatic
diseases of pregnancy has been rising annually and made up more
than half of the total from 2018. In addition, the number of
prescriptions in Beijing has been dropping year after year,
decreasing almost ten-fold from 32.3% in 2016 to 3.8% in
2021 (Table 1).

TABLE 1 Demographic characters and disease distribution of the pregnant women with rheumatic diseases (N = 3624).

Subgroups 2016
(N = 93)

2017
(N = 144)

2018
(N = 326)

2019
(N = 631)

2020
(N = 886)

2021 (N =
1,544)

Total (N =
3624)

p-vlaue*

Age group, N (%)

20 to < 25 7 (7.5%) 12 (8.3%) 15 (4.6%) 19 (3.0%) 14 (1.6%) 50 (3.2%) 117 (3.2%) < 0.05

25 to < 30 30 (32.3%) 40 (27.8%) 108 (33.1%) 190 (30.1%) 254 (28.7%) 427 (27.7%) 1,049 (28.9%)

30 to < 35 44 (47.3%) 68 (47.2%) 130 (39.9%) 291 (46.1%) 388 (43.8%) 649 (42.0%) 1,570 (43.3%)

35 to < 40 10 (10.8%) 19 (13.2%) 58 (17.8%) 100 (15.8%) 192 (21.7%) 346 (22.4%) 725 (20.0%)

≥ 40 2 (2.2%) 5 (3.5%) 15 (4.6%) 31 (4.9%) 38 (4.3%) 72 (4.7%) 163 (4.5%)

Region, N (%)

Beijing 30 (32.3%) 21 (14.6%) 23 (7.1%) 21 (3.3%) 29 (3.3%) 59 (3.8%) 183 (5.0%) < 0.05

Chengdu 22 (23.7%) 29 (20.1%) 48 (14.7%) 115 (18.2%) 146 (16.5%) 281 (18.2%) 641 (17.7%)

Guangzhou 31 (33.3%) 59 (41.0%) 164 (50.3%) 355 (56.3%) 505 (57.0%) 820 (53.1%) 1934 (53.4%)

Hangzhou 8 (8.6%) 24 (16.7%) 42 (12.9%) 70 (11.1%) 133 (15.0%) 203 (13.1%) 480 (13.2%)

Others 2 (2.2%) 11 (7.6%) 49 (15.0%) 70 (11.1%) 73 (8.2%) 181 (11.7%) 386 (10.7%)

disease, N (%)

SLE 54 (58.1%) 62 (43.1%) 126 (38.7%) 188 (29.8%) 135 (15.2%) 166 (10.8%) 731 (20.2%) < 0.05

APS 17 (18.3%) 30 (20.8%) 73 (22.4%) 249 (39.8%) 494 (55.8%) 865 (56.0%) 1728 (47.7%)

SS 8 (8.6%) 17 (11.8%) 27 (8.3%) 33 (5.2%) 45 (5.1%) 77 (5.0%) 207 (5.7%)

RA 7 (7.5%) 13 (9.0%) 14 (4.3%) 19 (3.0%) 33 (3.7%) 27 (1.7%) 113 (3.1%)

Others 7 (7.5%) 22 (15.3%) 86 (26.4%) 142 (22.5%) 179 (20.2%) 409 (26.5%) 845 (23.3%)

Abbreviation: SLE, systemic lupus erythematosus; APS, antiphospholipid antibody syndrome; SS, Sjogren’s syndrome; RA, rheumatoid arthritis.*The p-value of chi-square tests across

subgroups.
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Distribution of specific rheumatic diseases
during pregnancy

We further classified and analyzed the prescription data
from 2016 to 2021 to investigate the categories and
characteristics of the disease spectrum in patients with
rheumatic diseases during pregnancy. The percentage of
prescriptions for pregnancy complicated by SLE was 58.1% in
2016, accounting for more than half of all prescriptions. This
percentage gradually declined to 10.8% in 2021. The proportion
of prescriptions for pregnancy complicated by APS rose
annually, increasing more than three-fold from 18.3% in
2016 to 56.0% in 2021. From 2016 to 2021, the sum
of prescriptions for SLE and APS accounted for more than
60% of the total each year and exceeded 70% in 2016, 2019,
and 2020. By contrast, other types of rheumatic diseases,
such as RA and SS, accounted for a smaller percentage of the
prescriptions (Table 1).

Total DDDs and rankings of classes of
therapeutic drugs

To further explore the frequency with which various
therapeutic drugs were used for pregnancy complicated by
rheumatic diseases, we calculated and analyzed the DDDs of
glucocorticoids, immunosuppressive agents, NSAIDs, LMWHs,
plant drugs, TNFi (includes recombinant human tumor
necrosis factor receptor type II-Fc fusion protein antibody
and adalimumab, not other drugs such as etanercept and
belimumab), and IVIG. The DDDs of therapeutic drugs
increased yearly from 2016 to 2021. LMWHs, as essential
drugs for the treatment of rheumatic diseases, maintained
high DDDs and were consistently ranked first over the 6-year
study period, followed by glucocorticoids, immunosuppressive
agents, and NSAIDs. TNFi and IVIG have been used in
therapy for the treatment of rheumatic diseases during
pregnancy since 2019. However, their DDDs were markedly
lower than those of the four previously mentioned
drugs (Table 2).

DDDs and rankings of specific
therapeutic drugs

We next analyzed the top 10 specific therapeutic drugs ranked
by DDDs in nine cities from 2016 to 2021. Among the LMWHs, the
DDDs of dalteparin sodium were highest in 2016 and 2017, then
dropped to fifth place in 2021. Conversely, enoxaparin sodium’s
DDDs increased progressively from fifth in 2016 to first in 2021. The
DDDs of nadroparin calcium were ranked seventh for the first
5 years of the research, and then move up one spot in 2021. Among
the immunosuppressive agents, hydroxychloroquine consistently
had the top three highest DDDs over the 6 years, whereas
ciclosporin and azathioprine had lower DDDs. As one of the
most commonly used glucocorticoids, prednisone always had
high DDDs ranking and had the highest ranking in 2018.
Aspirin is recognized as the most commonly used NSAIDs, and
its DDDs climbed four places to second from 2016 to 2021, its
highest position over the 6 years (Table 3).

Overall prescription costs for
therapeutic drugs

Next, we focused on the prescription cost data and found that
the total prescription costs of therapeutic drugs for rheumatic
diseases during pregnancy rose annually in nine cities from
2016 to 2021. Compared with 2016, the total cost of
prescriptions in 2021 increased fourteen-fold, from 58,961.9 yuan
to 890,133.6 yuan. This result demonstrates that pregnancy
complicated by rheumatic diseases has been drawing increasing
attention. In terms of the average prescription cost, the highest value
was 634.0 ± 813.4 yuan in 2016, and the lowest was 464.8 ±
529.9 yuan in 2018 (Table 4).

DDC and rankings of classes of
therapeutic drugs

We compared the costs of various drugs used from 2016 to
2021 by DDC analysis. LMWHs and immunosuppressive agents had

TABLE 2 DDDs and ranking of therapeutic drugs for pregnancy with rheumatic diseases.

Classification of drugs 2016 2017 2018 2019 2020 2021

DDDs Rank DDDs Rank DDDs Rank DDDs Rank DDDs Rank DDDs Rank

Glucocorticoids 1,545.8 2 1,946.0 2 4,523.7 2 6,512.5 2 6,812.4 3 10,078.1 4

Immunosuppressive agents 955.3 3 1,737.3 3 3,121.1 3 5,842.5 3 7,276.9 2 11,586.8 3

LMWHs 1,900.8 1 2,578.0 1 5,215.2 1 13,920.2 1 18,629.3 1 29,960.6 1

NSAIDs 205.0 4 485.0 4 1,725.0 4 4,262.0 4 6,267.0 4 11,809.3 2

TNFi —* — — — — — 27.0 6 14.8 6 14.8 6

Plant drugs — — 50.0 5 — — 81.0 5 36.0 5 194.5 5

IVIG — — — — — — 2.0 7 1.7 7 2.3 7

*Abbreviation: DDDs, defined daily dose system; LMWHs, low molecular weight heparins; NSAIDs, non-steroidal anti-inflammatory drugs; TNFi, tumor; Necrosis factor inhibitors; IVIG,

intravenous immunoglobulin.“—” means no relevant data.
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TABLE 3 The top 10 therapeutic drugs for pregnancy with rheumatic diseases ranked by DDDs.

Rank 2016 2017 2018 2019 2020 2021

Generic name DDDs Generic name DDDs Generic name DDDs Generic name DDDs Generic name DDDs Generic name DDDs

1 Dalteparin sodium 1,484.0 Dalteparin sodium 1,588.0 Prednisone 2,810.0 Enoxaparin sodium 9,683.0 Enoxaparin sodium 13,026.0 Enoxaparin sodium 20,408.0

2 Hydroxychloroquine 845.0 Hydroxychloroquine 1,518.6 Hydroxychloroquine 2,791.5 Hydroxychloroquine 4,914.9 Hydroxychloroquine 6,689.9 Aspirin 11,808.5

3 Prednisone 843.0 Prednisone 1,375.5 Enoxaparin sodium 2,402.0 Prednisone 4,292.0 Aspirin 6,257.0 Hydroxychloroquine 10,568.8

4 Methylprednisolone 652.8 Enoxaparin sodium 662.0 Dalteparin sodium 2,168.0 Aspirin 4,262.0 Prednisone 3,992.0 Prednisone 7,020.0

5 Enoxaparin sodium 334.0 Methylprednisolone 520.5 Aspirin 1,686.0 Dalteparin sodium 3,268.0 Dalteparin sodium 3,204.0 Dalteparin sodium 4,021.0

6 Aspirin 190.0 Aspirin 457.0 Methylprednisolone 1,683.7 Methylprednisolone 2,200.5 Methylprednisolone 2,782.9 Nadroparin calcium 3,208.8

7 Nadroparin calcium 82.8 Nadroparin calcium 328.0 Nadroparin calcium 645.2 Nadroparin calcium 913.5 Nadroparin calcium 1,692.5 Methylprednisolone 2,978.1

8 Mycophenolate
mofetil

53.3 Methotrexate 120.0 Ciclosporin 159.9 Ciclosporin 441.0 Ciclosporin 377.6 Low molecular weight
heparin calcium

1,283.8

9 Prednisolone 50.0 Prednisolone 50.0 Azathioprine 88.7 Azathioprine 294.7 Low molecular weight
heparin calcium

372.6 Ciclosporin 692.1

10 Sulfasalazine 30.0 Leflunomide 45.0 Methotrexate 48.0 Tacrolimus 145.2 Bemiparin sodium 229.2 Fondaparinux 552.0

Abbreviation: DDDs, defined daily dose system.
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the first and second highest DDC from 2016 to 2018. By contrast,
IVIG and TNFi surpassed immunosuppressive agents and LMWHs
from 2019 to 2021, with the top two DDC rankings, as these drugs
were introduced for the treatment of pregnancy complicated by
rheumatic diseases in 2019 and were relatively expensive. It is
especially noteworthy that the DDC of IVIG was much higher
than that of other drugs (Table 5).

DDC and rankings of specific
therapeutic drugs

Tacrolimus, as representative immunosuppressive agents, had the
highest DDC rankings from 2016 to 2018 but fell back in 2019–2021.
The DDC of hydroxychloroquine gradually decreased from sixth in
2016 to 10th in 2019 and was no longer in the top 10 in 2020 and 2021.
Similarly, nadroparin calcium’s DDC ranking declines annually,
falling from third in 2016 to 10th in 2021, while the ranking for
enoxaparin sodium falls from fourth to outside the top 10. The use of
IVIG and TNFi was themain cause for the lower DDC rankings of the
above drugs in 2019–2021. Human immunoglobulin and
recombinant human tumor necrosis factor receptor type II-Fc
fusion protein antibody had the highest DDC values in these
3 years. The DDC of glucocorticoid was not among the top
10 from 2016 to 2021 (Table 6).

Discussion

The incidence of rheumatic diseases is relatively high during
pregnancy, and pregnancy and rheumatic diseases affect each other.

Rheumatic diseases can easily lead to infertility, miscarriage,
premature birth, and other adverse pregnancy outcomes, and
pregnancy also aggravates rheumatic diseases. Therefore, long-
term drug therapy to maintain disease stability is particularly
important for improving the quality of life for pregnant women
(Østensen et al., 2015; Giles et al., 2019). Based on statistical data, we
analyzed real-world trends in medication for pregnancy complicated
by rheumatic diseases in nine cities from China over the 6 years.

The prevalence of rheumatic diseases is higher between the ages
of 15 and 50, and to investigate the relationship between age and
disease in demographic characteristics, we divided the age of
patients in the prescription data into five groups: 20 to < 25,
25 to < 30, 30 to <35, 35 to < 40, and ≥ 40 years (Borchers
et al., 2010). Notably, the proportion of patients aged
35 to <40 years gradually increased to more than double during
the study period from 2016 to 2021. This phenomenon was likely to
be related to the comprehensive “two child policy” issued by China
in October 2015 and to the fact that the number of older pregnant
women has also been increasing annually (Li et al., 2019). In
addition, SLE and APS are the two prevalent rheumatic diseases
observed in pregnant women, which is consistent with the
epidemiological studies (Mekinian et al., 2015; Pons-Estel et al.,
2017). Our analysis results showed that the number of prescriptions
for pregnancy complicated by rheumatic diseases increased yearly.
This may imply that the prevalence or visiting rates of pregnant
patients with rheumatic diseases increased over time. In terms of
drug therapy, traditional antirheumatic drugs such as
glucocorticoids, LMWHs, and immunosuppressive agents were
the most popular drugs.

LMWHs can reduce the risk of pregnancy complications,
including unexplained recurrent pregnancy loss, fetal death, and

TABLE 4 Cost of prescriptions and the average prescription cost of pregnancy with rheumatic diseases.

Year 2016 2017 2018 2019 2020 2021

Cost of prescriptions (yuan) 58,961.9 80,915.3 151,529.9 389,980.2 533,881.4 890,133.6

Average prescription cost (yuan, mean ± SD) 634.0 ± 813.4 561.9 ± 687.6 464.8 ± 529.9 618.0 ± 645.7 602.6 ± 641.5 532.9 ± 554.6

TABLE 5 DDC and ranking of therapeutic drugs for pregnancy with rheumatic diseases.

Classification of
drugs

2016 2017 2018 2019 2020 2021

DDC
(yuan)

Rank DDC
(yuan)

Rank DDC
(yuan)

Rank DDC
(yuan)

Rank DDC
(yuan)

Rank DDC
(yuan)

Rank

Glucocorticoids 0.9 3 0.6 5 0.8 3 0.7 6 0.8 6 0.6 6

Immunosuppressive
agents

16.5 2 11.6 2 12.6 2 14.7 4 14.0 4 12.7 4

LMWHs 21.9 1 22.9 1 20.3 1 19.4 3 22.3 3 24.1 3

NSAIDs 0.6 4 0.9 4 0.6 4 0.5 7 0.5 7 0.5 7

TNFi —* — — — — — 727.6 2 126.9 2 99.4 2

Plant drugs — — 4.4 3 — — 4.1 5 4.3 5 6.4 5

IVIG — — — — — — 3,322.0 1 3,360.0 1 3,501.4 1

Abbreviation: DDC, defined daily cost; LMWHs, low molecular weight heparins; NSAIDs, non-steroidal anti-inflammatory drugs; TNFi, tumor necrosis factor inhibitors; IVIG, intravenous

immunoglobulin.*“—” means no relevant data.
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TABLE 6 The top 10 therapeutic drugs for pregnancy with rheumatic diseases ranked by DDC.

Rank 2016 2017 2018 2019 2020 2021

Generic name DDC
(yuan)

Generic name DDC
(yuan)

Generic name DDC
(yuan)

Generic name DDC
(yuan)

Generic name DDC
(yuan)

Generic name DDC
(yuan)

1 Tacrolimus 115.6 Tacrolimus 116.7 Tacrolimus 90.9 Human immunoglobulin 3,322.0 Human
immunoglobulin

3,360.0 Human
immunoglobulin

3,501.4

2 Mycophenolate
mofetil

56.1 Ciclosporin 47.4 Ciclosporin 45.8 Recombinant human
tumor necrosis factor
receptor type II-Fc fusion
protein antibody

727.6 Recombinant human
tumor necrosis factor
receptor type II-Fc
fusion protein
antibody

727.6 Recombinant human
tumor necrosis factor
receptor type II-Fc
fusion protein
antibody

320.0

3 Nadroparin calcium 34.3 Nadroparin calcium 31.9 Mycophenolate
mofetil

33.6 Tacrolimus 80.9 Fondaparinux 126.5 Fondaparinux 134.0

4 Enoxaparin sodium 29.5 Enoxaparin sodium 27.1 Nadroparin calcium 33.5 Mycophenolate mofetil 49.4 Bemiparin sodium 122.6 Bemiparin sodium 117.3

5 Dalteparin sodium 19.6 Dalteparin sodium 19.3 Enoxaparin sodium 20.4 Ciclosporin 48.9 Tacrolimus 83.8 Tacrolimus 91.3

6 Hydroxychloroquine 13.1 Hydroxychloroquine 11.7 Dalteparin sodium 17.1 Nadroparin calcium 30.8 Adalimumab 83.4 Adalimumab 83.4

7 Leflunomide 10.3 Leflunomide 6.0 Hydroxychloroquine 10.5 Low molecular weight
heparin calcium

22.2 Ciclosporin 47.1 Ciclosporin 40.4

8 Ibuprofen 3.0 Celecoxib 5.4 Diclofenac sodium 8.6 Enoxaparin sodium 19.3 Nadroparin calcium 28.2 Mycophenolate
mofetil

33.7

9 Loxoprofen 2.9 Compound
glycyrrhizin

4.7 Etoricoxib 7.2 Dalteparin sodium 16.4 Low molecular weight
heparin calcium

24.6 Parnaparin sodium 30.2

10 Sulfasalazine 2.2 Total glucosides of
paeony

4.3 Azathioprine 4.0 Hydroxychloroquine 10.4 Enoxaparin sodium 20.3 Nadroparin calcium 25.4

Abbreviation: DDC, defined daily cost.
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intrauterine growth restriction (Satta and Biondi, 2019; Schreiber
and Hunt, 2019). Dalteparin sodium, enoxaparin sodium, and
nadroparin calcium are regarded as basic therapeutic drugs that
meet the health requirement of patients. In particular, there are clear
beneficial effects of LMWHs combined with low-dose aspirin for
rheumatic diseases during pregnancy (Fernandes et al., 2020). Low-
dose aspirin, which is a classic representative drug of NSAIDs, can
not only be used in patients with APS but also protects SLE patients
from hypertensive diseases during pregnancy (Hoffman et al., 2020).
Interestingly, a retrospective study revealed that NSAIDs use in the
first trimester may raise the incidence of abortion and
malformations (Li et al., 2018), with the exception of low-dose
aspirin. Aspirin is being used more frequently in clinic, and our
analysis of the data indicated that its DDDs climbed to second
place in 2021.

Glucocorticoids are classic antirheumatic drugs that have been
used clinically for a long time. A number of management standards
and practices for pregnancy complicated by rheumatic diseases from
China and abroad recommend glucocorticoids as a class of major
antirheumatic drugs (Flint et al., 2016a; Flint et al., 2016b; Götestam
Skorpen et al., 2016; Zhang et al., 2021). Pregnancy may be
considered in women with rheumatic diseases who use no more
than 10 mg of prednisone daily to maintain the stability of the
disease. If disease activity increases during pregnancy, we can
consider appropriately increasing the dosage of glucocorticoids or
combining them with relatively safe immunosuppressive agents
(Zhang et al., 2021). Recently, hydroxychloroquine has been
explored as a widely used immunosuppressive agents that
stabilizes the endothelium and has antithrombotic effects (Misra
et al., 2020). Its continuous use is generally advised during
pregnancy to enhance disease protection and improve pregnancy
outcomes (Sammaritano et al., 2020). Sulfasalazine and azathioprine
are also widely used for rheumatic diseases during pregnancy (Viktil
et al., 2012; Flint et al., 2016a). These drugs are considered relatively
safe when used as directed. For example, sulfasalazine may be used at
a dosage of less than 2 g/d together with folic acid (5 mg/d)
supplementation throughout the whole period of pregnancy
(2019). In addition, the lowest effective dose of tacrolimus or
ciclosporin can be used during pregnancy and has not been
associated with fetal malformation. However, it is necessary to
perform increased monitoring of the patient’s own indicators,
such as blood pressure, kidney function, and blood drug
concentration (Zhang et al., 2021).

TNFi and IVIG were gradually more widely used in the clinic in
2019–2021. Owing to the high economic cost of these drugs, as
evidenced by their DDC being significantly higher than that of
glucocorticoids, LMWHs, immunosuppressive agents, and NSAIDs,
their DDDs were much lower than those of traditional
antirheumatic drugs and had lower acceptance from patients. A
clinical study showed that there was no increase in adverse events
during pregnancy after IVIG administration (Flint et al., 2016a),
suggesting that it can be safely used to treat rheumatic diseases
during pregnancy. However, the correlation between TNFi and
adverse events during pregnancy has been inconsistent among
different reports. On one hand, previous studies have shown that
TNFi can be used during early pregnancy without increasing the
incidence of adverse pregnancy events and neonatal infections
(Diav-Citrin et al., 2014). Etanercept and pexelizumabare,

characterized by low placental transport rates, are also considered to
be safe throughout pregnancy (Götestam Skorpen et al., 2016). Current
evidence suggests that exacerbations in RA patients during pregnancy is
significantly associated with refraining from TNFi treatment upon
positive pregnancy tests. Therefore, considering the risk of disease
onset and adverse pregnancy outcomes, it is recommended to
continue TNFi treatment during pregnancy (Gerardi et al., 2022). On
the other hand, it has also been reported that the use of TNFi during
pregnancy is likely to carry some risks, and it has been recommended
that the use of TNFi be stopped for at least 12 weeks before pregnancy
(Carter et al., 2009). Notably, a growing number of plant drugs have
gradually become the choice for the treatment of pregnancy complicated
by rheumatic diseases; these include total glucosides of paeony and the
compound glycyrrhizin. Some individual patients who were diagnosed
with pregnancy complicated by rheumatic diseases did not choose
ongoing pregnancy owing to special circumstances, and they were
eventually exposed to drugs classified as category X by the
United States Food and Drug Administration, such as methotrexate
and mycophenolate mofetil. To summarize, the types of prescription
drugs we extracted from the prescription data conform to the selection
scope of drugs for the treatment of pregnancy complicated by rheumatic
diseases recommended by guidelines from China and abroad.

As the number of prescriptions for pregnancy complicated by
rheumatic diseases increased annually from 2016 to 2021, the total
sample prescription costs also increased. However, the average
prescription cost decreased from 2016 to 2018, reaching the
lowest level in 2018, and this may be related to the update of the
medical insurance catalogue and the implementation of canceling
the drug price addition in China (National Health Commission of
the People’s Republic of China, 2017).

There were a few limitations in our study. Firstly, the research
prescription data were randomly chosen within 10 business days of
each quarter, and given that the prescriptions we analyzed were from
municipalities or provincial capitals in China, some economically
depressed regions may have varied prescription patterns due to
varying medical and economic issues. As a result, our study might
not accurately represent the state of medication use among pregnant
Chinese women with rheumatic diseases as a whole. Secondly, our
analysis was conducted based on prescription data which only
mentioning “pregnancy” and “systemic lupus erythematosus” or
“antiphospholipid antibody syndrome” or “Sjogren’s syndrome” or
“rheumatoid arthritis” in the diagnostic information. Consequently,
some prescriptions of outpatients with rheumatic diseases of
pregnancy might be excluded due to their diagnostic information
not matching the above search terms. Thirdly, limited information on
prescription data and lack of patient medical history limited the
evaluation of rationality. Finally, our study was based on outpatient
sampling prescriptions, and pregnancy outcomes and neonatal
follow-up of pregnant women with rheumatic diseases were
lacking. In the future, further collecting prescription samples with
more complete information and wider geographical coverage is
necessary, and further investigations are indispensable to analyze
the correlation between the efficacy of drugs and their possible
adverse side effects. In addition, the specific usage and dosage
information of each patient should be accurate, as well as the
safety and rationality of medication should be evaluated in
combination with the pregnancy outcome of pregnant patients and
relevant guidelines.
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Conclusion

Our results revealed firstly the prescription patterns of pregnant
women with rheumatic diseases over the last 6 years in China. The
number and total cost of prescriptions for pregnancy complicated by
rheumatic diseases in nine cities increased yearly from 2016 to 2021.
Traditional drugs such as glucocorticoids, LMWHs, and
hydroxychloroquine are the most frequently choices for pregnant
patients with rheumatic diseases in China due to their apparent
efficacy and cost-effectiveness. Significantly, the high cost of IVIG
and TNFi may be one factor in the lower use of them compared
with conventional therapeutic drugs, but they also play a role in treating
rheumatic diseases of pregnancy that cannot be substituted by other
drugs. In order to maximize therapeutic effect of IVIG and TNFi, we
should always pay attention to the patient’s condition, although the
current experimental data suggest that these drugs are deemed safe for
pregnant women.

Data availability statement

The original contributions presented in the study are included in
the article, further inquiries can be directed to the corresponding author.

Ethics statement

The studies involving human participants were approved by the
Ethics Committee of the Obstetrics and Gynecology Hospital, Fudan
University (approval number: 2023-01). Written informed consent
for participation was not required for this study, in compliance with
national legislation and institutional requirements.

Author contributions

J-NJ: Formal Analysis, Methodology, Software, Visualization,
Writing–original draft. X-LW: Conceptualization, Funding

acquisition, Project administration, Supervision, Validation,
Writing–review and editing.

Funding

The author(s) declare financial support was received for the
research, authorship, and/or publication of this article. This work
was financially supported by Shanghai Municipal Health
Commission (Grant No. 202140065), Pharmaceutical Evaluation
Professional Committee of China Research Hospital Association
(Grant No. Y2022FH-YWPJ01-206) and Shanghai Pharmaceutical
Association (Grant No. 2023-04).

Acknowledgments

The authors are grateful to Beijing Prescription Consultant Ltd.
for data extracting and Hospital Prescription cooperation project of
the Hospital Pharmacy Professional Committee of Chinese
Pharmaceutical Association.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

References

Acog, (2019). ACOG committee opinion No. 776: immune modulating therapies in
pregnancy and lactation. Obstet. Gynecol. 133, e287–e295. doi:10.1097/AOG.
0000000000003176

Birru Talabi, M., and Clowse, M. E. B. (2020). Antirheumatic medications in
pregnancy and breastfeeding. Curr. Opin. Rheumatol. 32, 238–246. doi:10.1097/
BOR.0000000000000710

Borchers, A. T., Naguwa, S. M., Shoenfeld, Y., and Gershwin, M. E. (2010). The
geoepidemiology of systemic lupus erythematosus. Autoimmun. Rev. 9, A277–A287.
doi:10.1016/j.autrev.2009.12.008

Brouwer, J., Hazes, J. M., Laven, J. S., and Dolhain, R. J. (2015). Fertility in women
with rheumatoid arthritis: influence of disease activity and medication. Ann. Rheum.
Dis. 74, 1836–1841. doi:10.1136/annrheumdis-2014-205383

Carter, J. D., Ladhani, A., Ricca, L. R., Valeriano, J., and Vasey, F. B. (2009). A safety
assessment of tumor necrosis factor antagonists during pregnancy: a review of the
Food and Drug Administration database. J. Rheumatol. 36, 635–641. doi:10.3899/
jrheum.080545

China National Health Commission of the People’s Republic of, . (2017). [CNA]
Health and Family Planning Commission: promote public hospital reform before
September 30 to eliminate drug markups. Available at: http://www.nhc.gov.cn/wjw/
mtbd/201704/6a599323d49942ca939ae5755c5bd17b.shtml

Diav-Citrin, O., Otcheretianski-Volodarsky, A., Shechtman, S., and Ornoy, A. (2014).
Pregnancy outcome following gestational exposure to TNF-alpha-inhibitors: a
prospective, comparative, observational study. Reprod. Toxicol. 43, 78–84. doi:10.
1016/j.reprotox.2013.11.004

El Miedany, Y., and Palmer, D. (2020). Rheumatology-led pregnancy clinic:
enhancing the care of women with rheumatic diseases during pregnancy. Clin.
Rheumatol. 39, 3593–3601. doi:10.1007/s10067-020-05173-6

Fernandes, M. A., Gerardi, M. C., Andreoli, L., and Tincani, A. (2020). Management
of maternal antiphospholipid syndrome. Clin. Exp. Rheumatol. 38, 149–156. Available
at: http://assistant.get-sci.net/service/aytrynro70

Flint, J., Panchal, S., Hurrell, A., van de Venne, M., Gayed, M., Schreiber, K., et al.
(2016a). BSR and BHPR guideline on prescribing drugs in pregnancy and breastfeeding-
Part I: standard and biologic disease modifying anti-rheumatic drugs and
corticosteroids. Rheumatology 55, 1693–1697. doi:10.1093/rheumatology/kev404

Flint, J., Panchal, S., Hurrell, A., van de Venne, M., Gayed, M., Schreiber, K., et al.
(2016b). BSR and BHPR guideline on prescribing drugs in pregnancy and
breastfeeding-Part II: analgesics and other drugs used in rheumatology practice.
Rheumatology 55, 1698–1702. doi:10.1093/rheumatology/kev405

Gerardi, M. C., Crisafulli, F., García-Fernandez, A., Lini, D., Bazzani, C., Cavazzana, I.,
et al. (2022). Stopping bDMARDs at the beginning of pregnancy is associated with

Frontiers in Pharmacology frontiersin.org09

Jia and Wang 10.3389/fphar.2024.1353293

https://doi.org/10.1097/AOG.0000000000003176
https://doi.org/10.1097/AOG.0000000000003176
https://doi.org/10.1097/BOR.0000000000000710
https://doi.org/10.1097/BOR.0000000000000710
https://doi.org/10.1016/j.autrev.2009.12.008
https://doi.org/10.1136/annrheumdis-2014-205383
https://doi.org/10.3899/jrheum.080545
https://doi.org/10.3899/jrheum.080545
http://www.nhc.gov.cn/wjw/mtbd/201704/6a599323d49942ca939ae5755c5bd17b.shtml
http://www.nhc.gov.cn/wjw/mtbd/201704/6a599323d49942ca939ae5755c5bd17b.shtml
https://doi.org/10.1016/j.reprotox.2013.11.004
https://doi.org/10.1016/j.reprotox.2013.11.004
https://doi.org/10.1007/s10067-020-05173-6
http://assistant.get-sci.net/service/aytrynro70
https://doi.org/10.1093/rheumatology/kev404
https://doi.org/10.1093/rheumatology/kev405
https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2024.1353293


disease flares and preterm delivery in women with rheumatoid arthritis. Front.
Pharmacol. 13, 887462. doi:10.3389/fphar.2022.887462

Giles, I., Yee, C. S., and Gordon, C. (2019). Stratifying management of rheumatic
disease for pregnancy and breastfeeding. Nat. Rev. Rheumatol. 15, 391–402. doi:10.
1038/s41584-019-0240-8

Götestam Skorpen, C., Hoeltzenbein, M., Tincani, A., Fischer-Betz, R., Elefant, E.,
Chambers, C., et al. (2016). The EULAR points to consider for use of antirheumatic
drugs before pregnancy, and during pregnancy and lactation. Ann. Rheum. Dis. 75,
795–810. doi:10.1136/annrheumdis-2015-208840

Hoffman,M. K., Goudar, S. S., Kodkany, B. S., Metgud,M., Somannavar, M., Okitawutshu,
J., et al. (2020). Low-dose aspirin for the prevention of preterm delivery in nulliparous women
with a singleton pregnancy (ASPIRIN): a randomised, double-blind, placebo-controlled trial.
Lancet 395, 285–293. doi:10.1016/S0140-6736(19)32973-3

Koren, G., Florescu, A., Costei, A. M., Boskovic, R., and Moretti, M. E. (2006).
Nonsteroidal antiinflammatory drugs during third trimester and the risk of premature
closure of the ductus arteriosus: a meta-analysis. Ann. Pharmacother. 40, 824–829.
doi:10.1345/aph.1G428

Li, D. K., Ferber, J. R., Odouli, R., and Quesenberry, C. (2018). Use of nonsteroidal
antiinflammatory drugs during pregnancy and the risk of miscarriage. Am. J. Obstet.
Gynecol. 219, 275.e271–275. doi:10.1016/j.ajog.2018.06.002

Li, H. T., Xue, M., Hellerstein, S., Cai, Y., Gao, Y., Zhang, Y., et al. (2019). Association
of China’s universal two child policy with changes in births and birth related health
factors: national, descriptive comparative study. BMJ 21, l4680. doi:10.1136/bmj.l4680

Mekinian, A., Costedoat-Chalumeau, N., Masseau, A., Tincani, A., De Caroli, S., Alijotas-
Reig, J., et al. (2015). Obstetrical APS: is there a place for hydroxychloroquine to improve the
pregnancy outcome? Autoimmun. Rev. 14, 23–29. doi:10.1016/j.autrev.2014.08.040

Misra, D. P., Gasparyan, A. Y., and Zimba, O. (2020). Benefits and adverse effects of
hydroxychloroquine, methotrexate and colchicine: searching for repurposable drug
candidates. Rheumatol. Int. 40, 1741–1751. doi:10.1007/s00296-020-04694-2

Østensen, M., Andreoli, L., Brucato, A., Cetin, I., Chambers, C., Clowse, M. E., et al.
(2015). State of the art: reproduction and pregnancy in rheumatic diseases. Autoimmun.
Rev. 14, 376–386. doi:10.1016/j.autrev.2014.12.011

Pacini, G., Paolino, S., Andreoli, L., Tincani, A., Gerosa, M., Caporali, R., et al. (2020).
Epigenetics, pregnancy and autoimmune rheumatic diseases. Autoimmun. Rev. 19,
102685. doi:10.1016/j.autrev.2020.102685

Pang, Y. Y., and Ma, C. L. (2022). Real-world pharmacological treatment patterns of
patients with threatened miscarriage in China from 2014 to 2020: a cross-sectional
analysis. J. Clin. Pharm. Ther. 47, 228–236. doi:10.1111/jcpt.13536

Pons-Estel, G. J., Andreoli, L., Scanzi, F., Cervera, R., and Tincani, A. (2017). The
antiphospholipid syndrome in patients with systemic lupus erythematosus.
J. Autoimmun. 76, 10–20. doi:10.1016/j.jaut.2016.10.004

Sammaritano, L. R., Bermas, B. L., Chakravarty, E. E., Chambers, C., Clowse, M. E. B.,
Lockshin, M. D., et al. (2020). 2020 American College of rheumatology guideline for the
management of reproductive health in rheumatic and musculoskeletal diseases.
Arthritis Rheumatol. 72, 461–488. doi:10.1002/acr.24130

Satta, R., and Biondi, G. (2019). Antiphospholipid syndrome and pregnancy. G. Ital.
Dermatol Venereol. 154, 277–285. doi:10.23736/S0392-0488.18.06152-7

Schreiber, K., and Hunt, B. J. (2019). Managing antiphospholipid syndrome in
pregnancy. Thromb. Res. 181, S41-S46–S46. doi:10.1016/S0049-3848(19)30366-4

Viktil, K. K., Engeland, A., and Furu, K. (2012). Outcomes after anti-rheumatic drug
use before and during pregnancy: a cohort study among 150,000 pregnant women and
expectant fathers. Scand. J. Rheumatol. 41, 196–201. doi:10.3109/03009742.2011.626442

Zhang, L., Geng, S., Qian, L., Ye, S., Wang, X., Lu, G., et al. (2019). Multidisciplinary
care in patients with systemic lupus erythematosus: a randomized controlled trial in
China. Int. J. Clin. Pharm. 41, 1247–1255. doi:10.1007/s11096-019-00870-y

Zhang, W., Li, Y. S., Liu, D. Z., Li, J., Su, J., Wang, L., et al. (2021). Recommendations
for the medication of rheumatic diseases in periconceptional period. Zhonghua Nei Ke
Za Zhi 60, 946–953. doi:10.3760/cma.j.cn112138-20210527-00372

Frontiers in Pharmacology frontiersin.org10

Jia and Wang 10.3389/fphar.2024.1353293

https://doi.org/10.3389/fphar.2022.887462
https://doi.org/10.1038/s41584-019-0240-8
https://doi.org/10.1038/s41584-019-0240-8
https://doi.org/10.1136/annrheumdis-2015-208840
https://doi.org/10.1016/S0140-6736(19)32973-3
https://doi.org/10.1345/aph.1G428
https://doi.org/10.1016/j.ajog.2018.06.002
https://doi.org/10.1136/bmj.l4680
https://doi.org/10.1016/j.autrev.2014.08.040
https://doi.org/10.1007/s00296-020-04694-2
https://doi.org/10.1016/j.autrev.2014.12.011
https://doi.org/10.1016/j.autrev.2020.102685
https://doi.org/10.1111/jcpt.13536
https://doi.org/10.1016/j.jaut.2016.10.004
https://doi.org/10.1002/acr.24130
https://doi.org/10.23736/S0392-0488.18.06152-7
https://doi.org/10.1016/S0049-3848(19)30366-4
https://doi.org/10.3109/03009742.2011.626442
https://doi.org/10.1007/s11096-019-00870-y
https://doi.org/10.3760/cma.j.cn112138-20210527-00372
https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2024.1353293

	Real-world pharmacological treatment of pregnant patients with rheumatic diseases from China: a retrospective analysis from ...
	Introduction
	Materials and methods
	Data extraction
	Evaluation criteria and methods
	Ethics statement
	Statistical analysis

	Results
	Age distribution of patients with rheumatic diseases during pregnancy
	Prescription numbers for pregnancy with rheumatic diseases in different cities
	Distribution of specific rheumatic diseases during pregnancy
	Total DDDs and rankings of classes of therapeutic drugs
	DDDs and rankings of specific therapeutic drugs
	Overall prescription costs for therapeutic drugs
	DDC and rankings of classes of therapeutic drugs
	DDC and rankings of specific therapeutic drugs

	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher’s note
	References


