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Purpose: We investigated whether nonpharmaceutical interventions (NPI) to reduce the spread of coronavirus disease 2019 (COVID-
19) was associated with a change in the incidence of immune thrombocytopenia (ITP).

Patients and Methods: Using the Korean Health Insurance Review and Assessment Services (HIRA) database, individuals newly
diagnosed with ITP between January 2015 and December 2020 were identified. The NPI period was defined as February 2020 to
December 2020. The ITP incidence in the NPI period was compared with the mean annual incidence during the same months in the
pre-NPI period and the incidence predicted by the autoregressive integrated moving average model.

Results: In total, 25,723 patients were identified, and the overall annual incidence of ITP was 8.28 per 100,000 persons ([95%
confidence interval (CI): 8.18-8.39]. The ITP incidence in the NPI period was 6.60 per 100,000 person-years (95% CI: 6.37-6.85),
0.77 times (95% CI: 0.74-0.80) lower than that during the pre-NPI period [8.62/100,000 (95% CI: 8.50—8.74)]. With the exception for
patients aged >70 years, the ITP incidence was significantly lower in the NPI period than in the pre-NPI period. The most significant
decline in the ITP incidence during the NPI period was observed in the 0-9 years age group [25.76/100,000 vs 14.01/100,000,
P <0.001; incidence rate ratio (IRR): 0.54 (95% CI: 0.51-0.58)]. The intravenous immunoglobulin-treated ITP incidence in the NPI
period was 1.69/100,000 (95% CI: 1.58-1.81), 0.79 times (95% CI: 0.73-0.85) lower than that in the pre-NPI period 2.15/100,000
(95% CI: 2.09-2.21)]. The incidence of steroid-treated ITP was lower in the NPI period than in the pre-NPI period (2.73/100,000 vs
2.2/100,000, P <0.001), with an IRR of 0.80 (95% CI: 0.76-0.83).

Conclusion: This nationwide study revealed a significant decrease in ITP incidence, particularly among children, after the
implementation of NPI.
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Introduction

Immune thrombocytopenia (ITP) is an acquired autoimmune disease characterized by a low platelet count (<100,000/ul)
caused by the destruction of platelets through an “antibody-mediated” process and impaired megakaryopoiesis, with
a peak incidence in early childhood and after 75 years of age.'> Although the pathogenesis of ITP is not fully understood,
it is considered to be a syndrome with multiple pathways leading to thrombocytopenia. While the primary trigger is
unknown, infections can initiate an antiplatelet immune response that is initially caused by molecular mimicry or
bystander stimulation and will later proceed despite infection resolution.® ITP can occur as a primary disease or

secondary to other conditions such as infections, malignancy, autoimmune diseases such as systemic lupus
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erythematosus, primary immunodeficiency, and drugs."* In pediatric patients, upper respiratory infection often precedes
ITP by 1-4 weeks in 50-65% of cases.® Studies have reported an association between respiratory viral infections or viral
gastroenteritis and childhood ITP.%°

Since the start of the coronavirus disease 2019 (COVID-19) pandemic, many countries have implemented nonphar-
maceutical interventions (NPI) to prevent the spread of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
in the community. These NPI have significantly reduced the incidence of common respiratory viral infections such as
influenza and respiratory syncytial virus infection.'®'* Following the implementation of NPI in Korea, a significant
decrease in the diagnosis of infectious diseases, such as influenza, has been observed during periods of enforced social
distancing.'*' Given this context, the incidence of ITP in Korea may have decreased because of a possible decline in
the transmission of infectious diseases after the implementation of NPIL

The main objective of this study was to investigate the potential association between the implementation of NPI to
prevent the spread of COVID-19 and the incidence of ITP in different age groups in Korea. To achieve this goal, we
analyzed data from the Korean Health Insurance Review and Assessment (HIRA) service databases and estimated the
incidence of ITP before and after the implementation of NPI. By comparing the incidence for different age groups, we

aimed to assess the impact of NPI on ITP incidence in Korea.

Materials and Methods
The Korean HIRA Databases

In this population-based retrospective study, we investigated ITP cases using HIRA data. The HIRA database includes
claims for 50 million patients per year; these account for approximately 98% of the Korean population, as of 2014. It
includes the beneficiary’s information, including age, sex, and address, as well as data regarding the healthcare services
that were provided, such as diagnosis, procedures, surgical history, and prescription drugs.'® The HIRA databases are
significant sources of real-world evidence (RWE) and are open to all investigators for academic purposes.

The institutional review board of Ajou University Hospital approved this study. The requirement for informed consent
from each patient was waived because the HIRA provided secondary data that were entirely de-identified and anonymized
before the authors gained access to the data. (IRB number: AJIRB-MED-KSP-21-309; HIRA Research Data: M2021052287).

Study Population

Diagnoses were coded according to the 7th Korean Classification of Diseases (KCD-7), a modified version of the
International Classification of Disease-10 (ICD-10). The data of patients whose diagnosis during their first visit, between
January 2015 and December 2020, was associated with ITP (KCD-7 codes D693) as the primary or related disease were
extracted from the HIRA. For each year, we related the number of cases to the respective age groups to estimate the
incidence per 100,000 patient-years for the corresponding months of 2015-2019 versus 2020. The NPI period was
defined as time period from February 2020 to December 2020.

Statistical Analysis
The annual incidence was estimated as the number of patients who developed ITP divided by the relevant population
during the relevant period. Data on the total South Korean population for the relevant year were estimated from the
resident registration population available from the Korean Statistical Information Services (https://kosis.kr).
Descriptive analyses were used to compare differences between sex and age groups in the incidence of ITP. A 95%
confidence interval (CI) for the incidence rate ratio (IRR) and differences in the ITP by sex and age groups were
estimated. Trend-p values for the incidence of ITP, intravenous immunoglobulin (IVIG)-treated ITP, and steroid-treated
ITP by year were estimated using the Cochran—Armitage test.
The ITP incidence in the NPI period was compared with the annual mean incidence during the same month in the pre-
NPI period and the incidence predicted by the autoregressive integrated moving average (ARIMA) model with a two-
sample test for equality of proportions. Statistical significance was defined as a P value of <0.05 for all analyses.

668 https: Risk Management and Healthcare Policy 2023:16

Dove!


https://kosis.kr
https://www.dovepress.com
https://www.dovepress.com

Dove Choi et al

Statistical analyses were performed using R version 4.1.1 (R Project for Statistical Computing) and the SAS survey
procedure (Version 9.4; SAS Institute, Cary, NC, USA).

Results

Overall ITP Incidence

A total of 25,723 patients, ie, 14,548 female (56.6%) and 11,175 male (43.4%) patients, who were newly diagnosed
with ITP between January 2015 and December 2020 were identified in the database (Table 1). The overall annual
incidence of ITP was 8.28 per 100,000 individuals (95% CI: 8.18-8.39). Female patients had a higher incidence than
male patients [9.36/100,000 individuals (95% CI: 9.20-9.51) vs 7.21/100,000 individuals (95% CI: 7.08-7.34,
P <0.001), with a female: male IRR of 1.29 (95% CI: 1.27-1.34). A peak incidence of 24.23/100,000 individuals
[95% CI: 23.63-24.83] was observed in children aged 0-9 years, and the incidence was 6.82/100,000 individuals
[95% CI: 6.73-6.92] in patients aged >10 years. The incidence was 3.55 times [95% CI: 3.45-3.65] higher in the 0-
9 years age group than in the >10 years age group. Among the total number of patients, 6461 (25.1%) were treated
with IVIG, and the incidence of IVIG-treated ITP was 2.08/100,000 person-years (95% CI: 2.03-2.13). A total of
8214 patients were treated with steroids (31.9%), and the incidence of steroid-treated ITP was estimated to be 2.65/
100,000 person-years (95% CI: 2.51-2.79).

The incidence of ITP was 6.67/100,000 person-years [95% CI: 6.45-6.89] in 2020, which was lower than the mean
annual incidence of 8.61/100,000 person-years [95% CI: 8.49-8.72] in the 2015-2019 period (P < 0.001; Table 1). The
incidence of IVIG-treated ITP was 1.72/100,000 individuals [95% CI: 1.61-1.84] in 2020, which was lower than the
mean annual incidence of 2.15/100,000 individuals [95% CI: 2.10-2.21] in the 2015-2019 period (P < 0.001). The
incidence of steroid-treated ITP was 2.20/100,000 person-years (95% CI: 2.67-2.80) in 2020, which was lower than the
mean annual incidence of 2.73/100,000 person-years (95% CI: 2.07-2.33] in the 2015-2019 period (P < 0.001).

The most significant decrease in the overall ITP incidence in 2020, relative to that in the period of 2015-2019, was
observed in the 0-9 years age group [14.87/100,000 person-years (95% CI: 13.64—16.03) vs 25.92/100,000 person-years
(95% CI: 25.26-26.60), P < 0.001; Figure 1).

Table | Demographic Factors of Newly Developed ITP Patients

Year 2015 (n=4576) | 2016 (n=4592) | 2017 (n=4302) | 2018 (n=4521) | 2019 (n=4275) | 2020 (n=3457) | Total (n=25,723)
Male (n, %) 1922 (42.0%) 1964 (42.8%) 1883 (43.8%) 1989 (44.0%) 1849 (43.3%) 1568 (45.4%) 11,175 (43.4%)
Age group, years
0-9 1246 (27.2%) 1243 (27.1%) 1137 (26.4%) 1160 (25.7%) 936 (21.9%) 588 (17.0%) 6310 (24.5%)
10-19 371 (8.1%) 347 (7.6%) 338 (7.9%) 332 (7.3%) 329 (7.7%) 231 (6.7%) 1948 (7.6%)
20-29 373 (8.2%) 377 (8.2%) 300 (7.0%) 300 (6.6%) 272 (6.4%) 237 (6.9%) 1859 (7.2%)
30-39 483 (10.6%) 470 (10.2%) 415 (9.6%) 438 (9.7%) 378 (8.8%) 280 (8.1%) 2464 (9.6%)
40-49 440 (9.6%) 444 (9.7%) 403 (9.4%) 453 (10.0%) 400 (94%) 331 (9.6%) 2471 (9.7%)
50-59 577 (12.6%) 590 (12.8%) 531 (12.3%) 575 (12.7%) 555 (13.0%) 528 (15.3%) 3356 (13.0%)
60-69 475 (10.4%) 534 (11.6%) 511 (11.9%) 573 (12.7%) 588 (13.8%) 547 (15.8%) 3228 (12.5%)
70-79 436 (9.5%) 417 (9.1%) 448 (10.4%) 479 (10.6%) 553 (12.9%) 488 (14.1%) 2821 (11.0%)
>80 175 (3.8%) 170 (3.7%) 219 (5.1%) 211 (4.7%) 264 (6.2%) 227 (6.6%) 1266 (4.9%)
Incidence of ITP [95% CIJ** 8.90 [8.62-9.14] 8.90 [8.63-9.14] 8.31 [8.06-8.56] 8.73 [8.47-8.98] 8.25 [8.00-8.49] 6.67 [6.45-6.89]* 8.28 [8.18-8.39]
IVIG-treated ITP (n, %) 1112 (24.3%) 1111 (24.2%) 1135 (26.4%) 1144 (25.3%) 1065 (24.9%) 894 (25.9%) 6461 (25.1%)
Incidence of IVIG-treated ITP [95% CI]** 2.16 [2.03-2.29] 2.15 [2.03-2.28] 2.16 [2.07-2.32] 221 [2.08-2.34] 2.05[1.93-2.18] 1.72 [1.61-1.84]* 2.08 [2.03-2.13]
Steroid-treated ITP (n, %) 1485 (32.5%) 1375 (29.9%) 1350 (31.4%) 1479 (32.7%) 1385 (32.4%) 1140 (33.0%) 8214 (31.9%)
Incidence of steroid-treated ITP [95% CIJ** | 2.88 [2.74-3.93] | 2.66 [2.52-2.80] | 2.61 [247-2.75] | 2.85[2.71-3.00] | 2.67 [253-2.81] | 2.20 [207-2.33]* | 2.65 [2.51-2.79]

Note: *P value <0.001 (Cochran—Armitage Trend test); **Per 100,000 person-years.
Abbreviations: 95% Cl, 95% confidence interval; ITP, immune thrombocytopenia; IVIG, intravenous immunoglobulin.
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Figure | Incidence of ITP by age group. The bars indicate the incidence of newly diagnosed ITP each year. The line represents the mean annual ITP incidence from 2015 to
2019.
Abbreviation: ITP, immune thrombocytopenia.

Change in the Incidence of ITP Between the Pre-NPl and NPI Periods

Figure 2 shows the incidence of ITP in all patients during the pre-NPI and NPI periods. The implementation of NPI led to
a decrease in the incidence of ITP, especially in the 0-9 years age group. The overall incidence of ITP during the NPI
period was 6.60 per 100,000 person-years (95% CI: 6.37-6.85), which was 0.77 times lower than the ITP incidence
during the pre-NPI period [8.62/100,000 person-years (95% CI: 8.50-8.74); (Figure 3)]. With the exception of patients
aged 70 years and older, the incidence of ITP was significantly lower in the NPI period than in the pre-NPI period
(Figure 3). The most significant decline in ITP incidence during the NPI period compared with that in the pre-NPI period
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Figure 2 Monthly incidence of ITP by age group. The lines represent the ITP incidence in each age group. The bars indicate the number of newly diagnosed COVID-19 cases.
The shadowed field represents the NPI period.
Abbreviations: ITP, immune thrombocytopenia; NPI, nonpharmaceutical intervention.
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Annual mean incidence

Sfoeups per 100,000 person-years (95% Cl)  |RR (95% CI) P value IRR of ITP incidence, 95% CI
Pre-NPI NPI

Overall 8.62 (8.50-8.74) 6.60 (6.37-6.85) 0.77 (0.75-0.79) <0.001 A
0-9 25.76 (25.07-26.46) 14.01 (12.84-15.24) 0.54 (0.51-0.58) <0.001 ——

<1 78.85 (74.64-83.17)  56.72 (47.81-66.40) 0.72 (0.64-0.81) <0.001

1-4 32.21(30.98-33.46) 19.54 (17.25-21.97) 0.61 (0.55-0.66) <0.001

5-9 12.71 (12.05-13.39) 5.42 (4.48-6.46) 0.43 (0.37-0.49) <0.001
10-19 6.36 (6.05-6.68) 4.77 (4.15-5.43) 0.75 (0.68-0.83) <0.001 —a—
20-29 4.74 (4.50-4.99) 3.40 (2.96-3.87) 0.72 (0.65-0.79) <0.001 ——
30-39 5.82 (5.57-6.08) 4.05 (3.57-4.56) 0.70 (0.63-0.76) <0.001 —a—
40-49 4.90 (4.68-5.12) 3.69 (3.27-4.13) 0.75 (0.69-0.82) <0.001 —-
50-59 6.76 (6.46-6.97) 6.05 (5.52-6.60) 0.90 (0.84-0.97) 0.038 — .
60-69 9.74 (9.36-10.13) 8.33 (7.62-9.08) 0.86 (0.80-0.92) 0.002 ——
70-79 13.90 (13.32-14.50) 13.73 (12.51-15.02) 0.99 (0.92-1.06) 0.830 ——
280 13.33 (12.51-14.18)  11.74 (10.21-13.38) 0.88 (0.79-0.98) 0.102 ——

0.25 0.50 0.75 1.00 1.25

Figure 3 Comparison of the incidence of ITP in the pre-NPI and NPI periods during the same months. The triangle indicates the incidence rate ratio (IRR) of ITP incidence
with the overall age groups between the pre-NPI and NPI periods. The squares indicate the incidence rate ratio of ITP in each age group. The circles indicate the incidence
rate ratio of ITP in each age group under ten years of age. IRR and 95% confidence intervals are represented with a forest-plot. The gray vertical line represents the IRR of
1.0.

Abbreviations: Cl, confidence interval; ITP, immune thrombocytopenia; NPI, nonpharmaceutical intervention.

was observed in the 0-9 years age group, with an IRR of 0.54 (95% CI: 0.51-0.58), particularly in the 5-9 years age
group [IRR: 0.43 (95% CI: 0.35-0.52)].

The overall incidence of IVIG-treated ITP was lower in the NPI period than in the pre-NPI period (1.69/100,000 vs
2.15/100,000, P < 0.001), with an IRR of 0.79 [95% CI: 0.73-0.85]. In the subgroup analysis by age group,
a significantly lower incidence of IVIG-treated ITP was observed only in the 14 years [IRR: 0.54; 95% CI: 0.44—
0.66] and 5-9 years [IRR: 0.45; 95% CI: 0.32-0.62; Figure 4] age groups.

The overall incidence of steroid-treated ITP was lower in the NPI period than in the pre-NPI period (2.73/100,000 vs
2.2/100,000, P < 0.001), with an IRR of 0.80 (95% CI: 0.76—0.83). In the subgroup analysis by age group, a significantly
lower incidence of steroid-treated ITP was observed only in the 1-4 years [IRR 0.54 (95% CI: 0.44-0.66)] and 5-9 years
[IRR 0.45 (95% CI: 0.32-0.62); Figure 5] age groups.

Differences in Observed and Predicted ITP Incidence in Children

The ARIMA model was used to analyze the difference between the observed and predicted incidence of ITP during the NPI
period in children aged 0-9 years, and it revealed a significant change in the ITP incidence during the NPI period. The ITP
incidence was 14.01 per 100,000 person-years in the NPI period, which was lower than that in the pre-NPI period (25.80/
100,000 person-years) and the predicted incidence of 21.67/100,000 [(95% CI: 14.89-28.45), P = 0.013; Figure 6A]. For
subgroup analysis, the 0-9 years age group was divided into three groups as follows: <1 year, 1-4 years, and 5-9 years. In the
<1 year age group, the ITP incidence during the NPI period (56.72/100,000 person-years) was lower than that during the pre-
NPI period (78.8/100,000 person-years), but was similar to the predicted ITP incidence [66.63/100,000 person-years (95%
CI: 34.39-98.87), P = 0.276; Figure 6B]. In the 1-4 years age group, the ITP incidence in the NPI period (19.54/100,000)
was lower than that in the pre-NPI period (32.21/100,000 person-years) and the predicted ITP incidence [32.12/100,000 per-
son-years (95% CI: 22.32-41.91), P = 0.006; Figure 6C]. In the 5-9 years age group, the ITP incidence in the NPI period
(5.35/100,000 person-years) was lower than that in the pre-NPI period (12.68/100,000 person-years) and the predicted ITP
incidence [12.67/100,000 person-years (95% CI, 7.31-18.04), P = 0.004; Figure 6D].
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Annual mean incidence

g‘gfups per 100,000 person-years (95% Cl)  |RR (95% CI) P value IRR of IVIG-treated ITP incidence, 95% CI
Pre-NPI NPI

Overall 2.15 (2.09-2.21) 1.69 (1.58-1.81) 0.79 (0.75-0.83) <0.001 A
0-9 10.74 (10.30-11.20)  6.13 (5.36-6.95) 0.57 (0.52-0.63) <0.001 ——

<1 39.06 (36.12-42.13)  35.70 (28.71-43.46) 0.91 (0.78-1.07) 0.455

1-4 13.87 (13.07-14.70) 7.43 (6.04-8.96) 0.54 (0.46-0.62) <0.001

5-9 4.01 (3.64-4.40) 1.79 (1.27-2.41) 0.45 (0.35-0.57) <0.001
10-19 1.44 (1.30-1.60) 1.06 (0.78-1.38) 0.73 (0.59-0.91) 0.052 —_—
20-29 0.86 (0.75-0.9) 0.66 (0.47-0.87) 0.78 (0.62-0.98) 0.155 . —
30-39 1.10 (0.99-1.21) 0.89 (0.68-1.14) 0.82 (0.67-0.99) 0.172 ——
40-49 0.85 (0.76-0.94) 0.85 (0.68-1.14) 1.00 (0.83-1.21) 0.957 —_—A—
50-59 1.17 (1.07-1.28) 1.32 (1.08-1.59) 1.13 (0.97-1.31) 0.294 -
60-69 1.78 (1.62-1.94) 1.50 (1.20-1.82) 0.84 (0.72-0.99) 0.152 ——
70-79 2.74 (2.49-3.01) 3.04 (2.48-3.66) 1.11 (0.95-1.29) 0.381 —1
280 3.30 (2.90-3.73) 3.90 (3.04-4.86) 1.18 (0.98-1.42) 0.251 L

0.25 0.50 0.75 1.00 1.25 1.50

Figure 4 Comparison of the incidence of IVIG-treated ITP in the pre-NPI and NPI periods during the same months. The triangle indicates the incidence rate ratio (IRR) of
IVIG-treated ITP incidence with the overall age groups between the pre-NPI and NPI periods. The squares indicate the relative ratio of ITP incidence in each age group. The
circles indicate the relative ratio of ITP incidence in each age group under ten years of age. IRR and 95% confidence intervals are represented with a forest-plot. The gray
vertical line represents the IRR of 1.0.

Abbreviations: Cl, confidence interval; IVIG, intravenous immunoglobulin; ITP, immune thrombocytopenia; NPI, nonpharmaceutical intervention.

Annual mean incidence

Qf’:ups per 100,000 person-years (95% Cl) |RR (95% CI) P value IRR of Steroid-treated ITP incidence, 95% CI
Pre-NPI NPI

Overall 2.73 (2.67-2.80) 2.2 (2.05-2.31) 0.80 (0.76-0.83) <0.001 +
0-9 4.63 (4.35-4.91) 2.4 (1.95-2.95) 0.52 (0.45-0.61) <0.001 ——

<1 11.82 (10.31-13.45) 7.9 (4.84-11.8) 0.67 (0.49-0.93) 0.105

1-4 5.35 (4.88-5.84) 3.5 (2.47-4.56) 0.65 (0.53-0.81) 0.006

5-9 2.97 (2.67-3.29) 1.1 (0.6-1.57) 0.37 (0.27-0.49) <0.001
10-19 1.68 (1.53-1/84) 1.3 (1.01-1.69) 0.79 (0.65-0.95) 0.097 L
20-29 1.72 (1.58-1.74) 1.3 (1.07-1.65) 0.78 (0.67-0.92) 0.041 —
30-39 2.27 (2.15-2.44) 1.4 (1.11-1.69) 0.61 (0.52-0.71) <0.001 —
40-49 1.87 (1.74-2.00) 1.6 (1.31-1.88) 0.85 (0.74-0.97) 0.098 —_—
50-59 2.29 (2.14-2.44) 2.0 (1.72-2.34) 0.88 (0.78-0.99) 0.144 —.
60-69 3.49 (3.28-3.72) 2.6 (2.25-3.07) 0.76 (0.67-0.85) 0.001 ——
70-79 5.60 (5.25-5.96) 5.1 (4.33-5.85) 0.90 (0.81-1.02) 0.246 —_—l
280 5.87 (5.35-6.41) 5.8 (4.73-6.96) 0.99 (0.85-1.15) 0.942 ——

0.25 0.50 0.75 1.00

Figure 5 Comparison of the incidence of steroid-treated ITP in the pre-NPI and NPI periods during the same months. The triangle indicates the incidence rate ratio (IRR) of
steroid-treated ITP incidence with the overall age groups between the pre-NPI and NPI periods. The squares indicate the relative ratio of ITP incidence in each age group.
The circles indicate the relative ratio of ITP incidence in each age group under ten years of age. IRR and 95% confidence intervals are represented with a forest plot. The gray
vertical line represents the IRR of 1.0.

Abbreviations: Cl, confidence interval; ITP, immune thrombocytopenia; NPI, nonpharmaceutical intervention.

672 hetps: Risk Management and Healthcare Policy 2023:16

Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove Choi et al
(A) Age 0-9 yrs (B) Age 0-1 yr
35
v [
- -
© ©
o o
30 'y
c : £ 100
) f o ;
[ / A [ \
- "‘ \ 1 g
a / g : \
(=) / o \ “
o =3 A \
Q25 2015 < {\ 2015
(=] o \ A
S 2016 © \ 2016
- —_— - —
s 2017 % 2017
3 2018 2 2018
3 8 2019
e —2019 2 —
2 —2020 § — 2020
© ‘©
£ £
50
15
25
Jan Mar May Jul Jan Mar May Jul Sep Nov
( ) Age 1-4 yrs ( ) Age 5-9 yrs
50 20
v [
I -
© ©
o o
iy >
(- [
& &
£40 5 151 /
Qo Q.
(=] (=]
(=] (=]
e 2015 S 2015
(=] (=]
S 2016 © 2016
L o
5 —2017 % — 2017
230 2018 24, 2018
8 ]
e —2019 9 — 2019
. —2020 3 — 2020
© ‘©
£ £
20
5

Jan Mar May

Jul

Jan

May

Jul

Sep

Figure 6 Observed ITP incidence and predicted ITP incidence by the ARIMA model. The monthly incidence of ITP and incidence predicted by an autoregressive integrated
moving average model. The thick red line denotes the observed incidence during the NPI period, the thick blue line indicates the predicted incidence in the NPI period, and
the blue shades represent 80% and 95% Cis of the predicted incidence in the NPI period. (A) Age group of 0-9 years, (B) age group of 0-I year, (C) age group of 14 years,
and (D) age group of 5-9 years.

Abbreviations: ARIMA, autoregressive integrated moving average; ITP, immune thrombocytopenia; NPI, nonpharmaceutical intervention.

Discussion

Since NPI were implemented during the COVID-19 pandemic, multiple studies have reported a decrease in viral
infections and the incidence of autoimmune-related diseases such as Kawasaki disease, which are presumed to have
a viral etiology.'”'? Similarly, ITP has been suggested to be related to viral infection, and it is thought to be particularly
relevant in children. Xu et al conducted a retrospective cohort study and reported that the ITP incidence decreased
significantly after the beginning of the pandemic.?® Another single-center study reported that newly diagnosed thrombo-
cytopenia in children decreased during the lockdown due to the pandemic, probably because of barrier measures that had
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reduced the incidence of viral triggers thought to be responsible for the vast majority of ITP cases involving children.?!
In the present study, we analyzed the incidence of ITP and severe ITP by age group during a period of decreased viral
infections due to NPI to predict the degree to which viral infections contribute to ITP in each age group.

The incidence of ITP varies according to factors such as age, sex, ethnicity, geographic regions of data collection,
criteria for patient identification, and study design."***** In a recent study conducted in Korea, it was observed that the
incidence of ITP was higher among children than among adults, with a peak among children under 5 years of age and
a predominance among boys.?* In our study, a similar trend in sex distribution in the age groups was identified. During
the NPI period, the overall incidence of ITP decreased significantly, particularly in the 1-4 and 5-9 years age groups. In
the age group of 10-59 years, the ITP incidence during the NPI period decreased compared with that during the pre-NPI
period. However, the decrease was not conspicuous in patients over 50 years of age, and there was no statistically
significant change, particularly in the >70 years age group. This suggests that the ITP incidence during the NPI period
decreased because of the decrease in viral infections among children, not because of the effect of NPI on the occurrence
of ITP in older individuals. Alternatively, because hospital-seeking behavior was also reduced, the detection of mild ITP
could have decreased in this age group.

The decrease in ITP incidence during the NPI period was relatively smaller in patients below 1 year of age than in
patients older than 1 year of age. No significant difference was noted from the predicted incidence using the ARIMA
model, suggesting that the role of viral infection affected by NPI in the occurrence of ITP in this age group is not as
significant as that in the 1-4 and 5-9 years age groups. Moreover, no significant difference was noted in the ITP
incidence between the pre-NPI and NPI periods in older individuals aged > 70 years, suggesting that the occurrence of
ITP due to etiologies affected by NPI, such as social distancing, was not the leading cause in this age group.

We also identified cases in which IVIG was administered. Since the Korean National Health Insurance approved IVIG
administration only when the platelet count is less than 20,000/uL, IVIG-treated ITP cases can be considered to have
a platelet count less than 20,000/uL, which is of great clinical importance. During the NPI period, the overall incidence
of IVIG-treated ITP was significantly decreased [IRR 0.79, (95% CI 0.73-0.85); P < 0.001]. The incidence of IVIG-
treated ITP showed markedly different patterns among different age groups. There was no significant difference in the
incidence of IVIG-treated ITP in patients aged < 1 year. Conversely, in the 1-4 and 5-9 years age groups, there was
a significant decrease in IVIG-treated ITP incidence after implementation of NPI. However, no significant difference was
noted in the other groups of patients older than 10 years. These data indicate that the overall decrease in ITP incidence in
patients below 1 year of age was due to a decrease in the incidence of less severe ITP that did not meet the criteria for
IVIG treatment in this age group. This suggests that factors directly affected by NPI, such as viral infection, are related to
less severe ITP. Therefore, other factors that are not affected by NPI should be considered the main cause of clinically
significant ITP in this age group. Conversely, the incidence of IVIG-treated ITP also decreased along with the overall ITP
incidence in the 1-4 and 5-9 years age groups. These findings suggest that NPI-associated factors, such as viral infection,
are the main causes of ITP in these age groups, regardless of the severity. In the age group between 10 and 59 years, the
overall ITP incidence decreased significantly, but the incidence of IVIG-treated ITP did not. This phenomenon leads to
two inferences. First, the detection of less severe ITP may have decreased because of a decrease in hospital-seeking
behavior along with social distancing in this age group. Second, factors affected by social distancing, such as viral
infection, may also be the leading cause of less severe ITP in this age group. The decrease in ITP incidence in the older
age group was lower than that in the younger age group. This suggests that NPI-related factors is not a significant cause
of ITP in this age group.

Limitations
The strength of this study was that almost the entire nation would have been included because we analyzed the Korean
Health Insurance Review data. However, this study has some limitations.

First, detailed clinical aspects, including laboratory findings, were not evaluated. Second, it is possible that auto-
immune disease or malignancy, which can be mistaken for ITP, was included. However, because this study uses RWE
databases intended to report trends under the same methodology, these limitations may not interfere with the purpose of
the study. Third, it is speculated that hospital visits were avoided to minimize the risk of SARS-Cov-2 infection during
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the COVID-19 pandemic, and this could be associated with the decreased detection of asymptomatic ITP, particularly in
children. However, even during the pandemic, it is difficult to expect that the treatment of significant ITP represented by
medication-treated ITP, would have decreased. Therefore, the change in the incidence of significant ITP is meaningful.

Conclusion

This nationwide study revealed that the ITP incidence decreased significantly, especially in patients aged 1-4 and 5-9
years, after the implementation of NPI in Korea. Despite the limitations of this study, the observed changes in the overall
ITP and treated ITP incidences during the NPI and pre-NPI periods are clinically meaningful. Further research is needed
for a better understanding of the mechanisms underlying the relationship between NPI and ITP incidence.
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