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Objectives: Sex differences in adverse event (AE) reporting rates following COVID-19 vaccination were 

analyzed using data from South Korea’s national pharmacovigilance system. 

Methods: We analyzed AE reports related to COVID-19 vaccines, as recorded in the Korea Adverse Event 

Reporting System between February 26, 2021, and December 31, 2022. AEs were classified according to 

the System Organ Class (SOC) and the Preferred Term (PT), as defined by the Medical Dictionary for Reg- 

ulatory Activities. Reporting rates were calculated as the number of reported COVID-19 vaccine-AE pairs 

per 10 0,0 0 0 vaccine doses administered. The female-to-male (F/M) ratios were calculated by dividing the 

reporting rate for females by that for males, and the corresponding 95% confidence intervals (CIs) were 

computed. 

Results: Among the 887,153 reported COVID-19 vaccine-AE pairs, females showed significantly higher 

reporting rates in 17 of the 24 SOCs, with the greatest disparity observed in infections and infestations 

(F/M ratio 3.21 [95% CI 3.05-3.38]). Males exhibited higher rates only for cardiac disorders (0.93 [0.89- 

0.98]). Among the 340 PTs, 104 exhibited significant sex differences. Females had higher reporting rates in 

98 PTs, with injection site pruritus (9.00 [5.34-15.17]) showing the largest difference. Conversely, males 

had higher rates in six PTs, most notably for myocardial infarction (0.33 [0.18-0.60]) and cardiac arrest 

(0.33 [0.14-0.78]). 

Conclusion: These findings underscore the importance of accounting for sex differences in vaccine devel- 

opment, clinical trials, and postmarketing safety monitoring. 

© 2025 The Authors. Published by Elsevier Ltd on behalf of International Society for Infectious Diseases. 

This is an open access article under the CC BY-NC-ND license 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
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Adverse events (AEs) following coronavirus disease 2019 

COVID-19) vaccination have been widely reported, with sex- 

pecific differences observed. Females have consistently reported 

igher rates of common AEs, including injection site pain, fever, 

nd paresthesia, following Pfizer-BioNTech vaccination [ 1 ]. Con- 

ersely, young males have been at increased risk of myocarditis 

ssociated with mRNA vaccines [ 2 , 3 ]. Data from the Vaccine Ad-

erse Event Reporting System (VAERS) indicate that serious ad- 

erse events (SAEs), including hospitalization and death, are re- 
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orted more frequently in males [ 4 ]. These differences are likely 

ttributable to biological differences between males and females. 

ex, defined by biological attributes, influences how the body pro- 

esses vaccines through variations in absorption, metabolism, and 

learance, ultimately affecting the risk and severity of AEs [ 5–7 ]. 

However, research specifically addressing sex differences in AEs 

emains limited. For instance, a review of 45 COVID-19-related 

linical trials published before December 15, 2020, found that only 

ight reported sex-disaggregated results or conducted subgroup 

nalyses by sex [ 8 ]. Similarly, a mini-review of 35 experimen- 

al and observational studies on COVID-19 vaccine safety found 

hat just 12 studies presented data disaggregated by sex [ 9 ]. In 

articular, there is limited understanding of which AEs, catego- 

ized by anatomical or physiological systems and specific medical 

onditions, are more frequently reported by females compared to 

ales. 
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Overlooking sex differences in vaccine research may lead to a 

oss of important information, delay the detection of critical safety 

ignals, and hinder effort s to ensure equitable vaccine monitor- 

ng [ 10 ]. Leading experts have underscored the need to investigate 

ex-specific effects in order to inform the development of preven- 

ion and treatment strategies that address both the immediate and 

ong-term consequences of the pandemic on public health [ 11 ]. 

Therefore, we conducted an analysis of sex differences in AE re- 

orting following COVID-19 vaccination in South Korea, using data 

rom the national pharmacovigilance system. By identifying the 

linical categories and specific conditions in which these differ- 

nces are most pronounced, our study aims to inform more pre- 

ise vaccine safety surveillance, support the development of eq- 

itable and evidence-based monitoring strategies, and advance a 

ore comprehensive understanding of the vaccine safety profile. 

ethods 

ata source 

The dataset included AE reports associated with COVID-19 vac- 

ines, recorded in the Korea Adverse Event Reporting System 

KAERS) between February 26, 2021, the date of the first COVID-19 

accination in South Korea, and December 31, 2022 (2307A0 0 06). 

n accordance with the data use guidelines of the Korea Institute 

f Drug Safety and Risk Management (KIDS), the dataset is cited 

s KIDS KAERS DB (2307A0 0 06), where “2307A0 0 06” refers to the 

fficial application number issued by KIDS. KAERS provides a com- 

rehensive database of vaccine-related AEs reported across South 

orea [ 12 ], excluding reports from foreign sources. KAERS is a sys- 

em developed by the KIDS to facilitate the reporting and man- 

gement of AE reports. All AE reports have been accumulated in 

AERS since 2012 [ 13 ]. 

KIDS, which collects AE reports from a wide range of sources, 

ncluding regional pharmacovigilance centers (RPVCs), hospitals, 

harmacies, patients/consumers, and pharmaceutical companies 

 14 ]. Since 2020, the number of RPVCs has expanded to 28 and op-

rated by hospitals and related institutions [ 15 ]. These RPVCs play 

 central role in Korea’s pharmacovigilance activity by not only col- 

ecting and reporting AEs occurring both in and outside medical 

nstitutions, but also by promoting awareness through educational 

utreach and training activities [ 16 ]. Moreover, RPVCs foster close 

ollaborations with local healthcare providers and pharmacies, fa- 

ilitates more systematic and comprehensive reporting of both se- 

ious and non-serious AEs [ 15 ]. The activation of pharmacovig- 

lance through RPVCs has facilitated the involvement of health- 

are professionals from various disciplines and has contributed to 

he expansion of the infrastructure for pharmacoepidemiology and 

harmacovigilance in Korea [ 17 ]. Consequently, the data derived 

rom KAERS appear to more accurately reflect real-world vaccine 

afety experiences, which may, in turn, enhance the validity and 

eneralizability of research findings based on this system. 

In KAERS, each AE report includes the date of reporting, demo- 

raphic information, the administered pharmaceutical product, and 

he reported AE. The AE report records biological sex but does not 

apture gender-related information. Accordingly, all analyses in this 

tudy are based on binary sex categories (female and male) and do 

ot account for gender-related variables such as gender identity. 

harmaceutical information includes the relationship between the 

dministered product and the AE, classified as suspected, concomi- 

ant, or interacting, along with the start and end dates of admin- 

stration. A single report may contain one or more AEs associated 

ith the administered product. This study was approved by the 

nstitutional Review Board of Ewha Womans University (IRB No.: 

wha-202411-0041-01). 
2

election of COVID-19 vaccine-AE pair reports 

This study included reports for COVID-19 vaccines developed 

sing two viral vector vaccines (Oxford-AstraZeneca, Janssen), two 

RNA vaccines (Pfizer-BioNTech, Moderna), and two recombinant 

rotein vaccines (Novavax, SK Bioscience) [ 18 ]. To ensure data ac- 

uracy, only reports in which a COVID-19 vaccine was classified 

s the suspected product were included for the analysis, while 

hose classified as concomitant or interacting products were ex- 

luded. Additionally, reports were excluded if they lacked informa- 

ion on age or sex, contained internal logical inconsistencies (e.g., 

n AE onset date preceding the vaccine administration date), or 

ere identified as duplicates. 

utcomes 

Initial coding of AEs was conducted using the Lowest Level 

erm (LLT) from the Medical Dictionary for Regulatory Activities 

MedDRA) and subsequently mapped to MedDRA’s standardized 

ierarchical structure [ 19 ]. For broader categorization, each AE was 

ssigned to a System Organ Class (SOC) and concurrently mapped 

o a Preferred Term (PT), which represents a distinct medical con- 

ept such as a symptom, sign, disease diagnosis, therapeutic indi- 

ation, or medical history characteristic. To further classify sever- 

ty, AEs were designated as SAEs if they resulted in death, a life- 

hreatening condition, prolonged hospitalization, persistent or sig- 

ificant disability, a congenital anomaly, or other unspecified clini- 

al intervention. 

tatistical analysis 

We identified AE reports associated with COVID-19 vaccines 

nd used a chi-square test to compare demographic characteris- 

ics between sexes. Reporting rates were calculated as the number 

f reported COVID-19 vaccine-AE pair reports per 10 0,0 0 0 vaccine 

oses administered. Data on vaccine administration were obtained 

rom the Korea Disease Control and Prevention Agency (KDCA), 

hich publicly reported the number of administered doses dur- 

ng the pandemic [ 20 ]. During the study period from February 26, 

021, to December 31, 2022, individuals in South Korea were eli- 

ible to receive up to four doses of COVID-19 vaccines, in accor- 

ance with the national immunization schedule, which included 

 primary series (first and second doses) and subsequent booster 

oses [ 18 ]. To assess sex differences in AE reporting, female-to- 

ale (F/M) ratios were calculated by dividing the reporting rate 

mong females by that among males, and the corresponding 95% 

onfidence intervals (CIs) were computed. These comparisons were 

onducted at both the SOC and PT levels, as defined by the Med- 

RA. SOC categories inherently specific to females, namely “Preg- 

ancy, puerperium and perinatal conditions” and “Reproductive 

ystem and breast disorders,” were excluded from F/M ratio cal- 

ulations and instead described narratively. At the PT level, F/M 

atios were reported only for AEs with statistically significant dif- 

erences in reporting rates between females and males. Subgroup 

nalyses were conducted across three age groups: 0-18 years, 19- 

4 years, and 65 years and older. All statistical procedures were 

onducted using the SAS Enterprise Guide 8.3 (SAS Institute Inc., 

ary, NC, USA) and R 4.2.2 (R Foundation for Statistical Computing, 

ienna, Austria). 

esults 

aseline characteristics of adverse event reports 

During the study period, a total of 887,153 COVID-19 vaccine- 

E pair report s were recorded in KAERS, of which 280,566 
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Figure 1. Flow chart of the COVID-19 vaccine-AE pair reports from the KAERS. AE = adverse event. KAERS = Korea Adverse Event Reporting System. 

Table 1 

Characteristics of AE reports associated with COVID-19 vaccines. 

COVID-19 vaccine-AE pair reports ( N = 887,153) 

Female Male P -value 

( N = 606,587) ( N = 280,566) 

Age group (years) 

0–18 19,947 (3.3%) 16,794 (6.0%) < 0.0001 

19–64 485,449 (80.0%) 213,278 (76.0%) 

≥65 101,191 (16.7%) 50,494 (18.0%) 

Reported year 

2021 513,617 (84.7%) 224,725 (80.1%) < 0.0001 

2022 92,970 (15.3%) 55,841 (19.9%) 

Manufacturer 

Pfizer-BioNTech 277,858 (45.8%) 130,811 (46.6%) < 0.0001 

Moderna 148,288 (24.4%) 70,327 (25.1%) 

Oxford–AstraZeneca 174,544 (28.8%) 65,186 (23.2%) 

Janssen 4,087 (0.7%) 13,348 (4.8%) 

Novavax 1,809 (0.3%) 892 (0.3%) 

SK Bioscience 1 (0.0%) 2 (0.0%) 

Serious adverse event 

Yes 27,047 (4.5%) 17,813 (6.3%) < 0.0001 

No 579,540 (95.5%) 262,753 (93.7%) 

Data are n (%). The P -value was calculated using the chi-square test. AE = adverse event. 
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31.6%) were from males and 606,587 (68.4%) were from females 

 Figure 1 ). The baseline characteristics of these reports are pre- 

ented in Table 1 . The majority of reports were submitted by indi- 

iduals aged 19-64 years, representing 76.0% of reports from males 

nd 80.0% from females. Most AEs were reported in 2021, dur- 

ng the first year of the national COVID-19 vaccination campaign. 

RNA vaccines were most frequently associated with AE reports, 

articularly the Pfizer-BioNTech vaccine (46.6% in males and 45.8% 

n females) and the Moderna vaccine (25.1% in males and 24.4% in 

emales). Reports were predominantly non-serious in both males 

nd females. However, the proportion of SAEs was higher in males 

han in females (6.3% vs. 4.5%). 

ata on COVID-19 vaccination 

COVID-19 vaccination data were obtained from the KDCA. Be- 

ween February 26, 2021, and December 31, 2022, a total of 

7,093,500 females and 65,732,676 males received COVID-19 vac- 

inations in South Korea. When stratified by age group, 3,082,793 

emales and 3,280,223 males aged 0 to 18 years were vacci- 

ated. Among individuals aged 19 to 64 years, 45,895,314 females 

nd 47,781,864 males underwent vaccinations. In the population 
3

ged 65 years and older, COVID-19 vaccines were administered to 

8,115,393 females and 14,670,589 males (Supplementary Table 1). 

eporting rates of COVID-19 vaccine adverse events by System Organ 

lass 

Out of the 24 SOC categories classified by MedDRA, 18 demon- 

trated statistically significant differences in AE reporting rates be- 

ween sexes ( Figure 2 ). Females showed significantly higher report- 

ng rates in 17 SOC categories. The most pronounced disparities 

ere observed in three SOCs where AE reporting rates were more 

han three times higher in females than in males: “Infections and 

nfestations” (F/M ratio 3.21 [95% CI 3.05-3.38]), “Psychiatric disor- 

ers” (3.20 [2.13-4.80]), and “Metabolism and nutrition disorders”

3.00 [2.34-3.84]). Eight additional SOCs showed reporting rates in 

emales that were at least twice as high as those in males, includ- 

ng “Ear and labyrinth disorders” (2.75 [1.78-4.24]), “Gastrointesti- 

al disorders” (2.58 [2.55-2.61]), “Injury, poisoning and procedural 

omplications” (2.29 [1.88-2.79]), “Nervous system disorders” (2.13 

2.11-2.15]), “General disorders and administration site conditions”

2.13 [2.11-2.15]), “Musculoskeletal and connective tissue disorders”

2.09 [2.07-2.11]), “Blood and lymphatic system disorders” (2.08 

2.00-2.16]), and “Surgical and medical procedures” (2.00 [1.06- 
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Figure 2. Sex differences in adverse event reporting rates for COVID-19 vaccines by system organ class. F/M ratio = The female-to-male (F/M) ratio were calculated by 

dividing the reporting rate for females by that for males. 
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.78]). Additional SOCs with significantly higher AE reporting rates 

n females included “Vascular disorders” (1.94 [1.54-2.44]), “Respi- 

atory, thoracic and mediastinal disorders” (1.87 [1.78-1.97]), “Im- 

une system disorders” (1.83 [1.81-1.85]), “Eye disorders” (1.79 

1.39-2.31]), “Skin and subcutaneous tissue disorders” (1.77 [1.74- 

.80]), and “Investigations” (1.58 [1.19-2.10]). In contrast, higher AE 

eporting rates among males were observed only in the “Cardiac 

isorders” category (0.93 [0.89-0.98]). AEs in the “Pregnancy, puer- 

erium and perinatal conditions” category were reported exclu- 

ively by females, with only one case recorded. In the “Reproduc- 

ive system and breast disorders” category, the vast majority of re- 

orts were from females ( n = 4,498), compared with just 10 from 

ales (Supplementary Table 2). 

eporting rates of COVID-19 vaccine adverse events by Preferred Term 

Among the 340 PTs analyzed, 104 showed statistically signifi- 

ant differences in AE reporting rates between sexes. Of these, 98 

Ts had higher reporting rates among females. PTs were ranked 

y F/M ratio within each SOC, as shown in Table 2 . The ten PTs

ith the highest F/M ratios, among those with significantly ele- 

ated reporting rates in females, were predominantly concentrated 

n three SOCs: “General disorders and administration site condi- 

ions,” “Respiratory, thoracic and mediastinal disorders,” and “Ner- 

ous system disorders.” Within the “General disorders and admin- 

stration site conditions” category, the most frequently reported 

Es included injection site pruritus (F/M ratio 9.00 [95% CI 5.34- 

5.17]) and injection site rash (8.00 [2.90-22.09]). For the “Respi- 

atory, thoracic and mediastinal disorders” category, females more 

requently reported rhinorrhoea (7.50 [4.21-13.36]) and nasal con- 

estion (5.00 [2.39-10.47]). Within the “Nervous system disorders”

ategory, females exhibited notably higher reporting rates for som- 

olence (5.13 [3.84-6.85]) and neuropathy peripheral (5.00 [2.31- 

0.80]). In contrast, males exhibited higher reporting rates in only 

ix PTs. These included paralysis (0.93 [0.88-0.99]) under “Nervous 

ystem disorders,” and cardiovascular disorder (0.78 [0.73-0.83]), 

yocarditis (0.75 [0.64-0.88]), myocardial infarction (0.33 [0.18- 

.60]), and cardiac arrest (0.33 [0.14-0.78]) within “Cardiac disor- 
4

ers.” Additionally, death (0.58 [0.51-0.66]) was more frequently 

eported by males within the “General disorders and administra- 

ion site conditions” category. 

eporting rates of serious adverse events following COVID-19 

accination 

As shown in Table 3 , four out of the six SAEs showed statis- 

ically significant differences in AE reporting rates between sexes. 

emales reported higher rates of prolonged hospitalization (F/M ra- 

io 1.63 [95% CI 1.60-1.66]) and other unspecified clinical interven- 

ions (1.40 [1.27-1.55]). Conversely, males exhibited higher report- 

ng rates of life-threatening conditions (0.76 [0.64-0.90]) and death 

0.53 [0.49-0.57]). 

eporting rates of COVID-19 vaccine adverse events by age category 

Age-stratified analyses revealed statistically significant differ- 

nces in AE reporting rates between females and males across 

ll three age groups, based on MedDRA PTs. Among individuals 

ged 0-18 years, higher AE reporting rates were observed in fe- 

ales for 17 PTs, and in males for 4 PTs (Supplementary Table 

). While the overall results aligned with the main analysis, sev- 

ral age-specific differences emerged. Notably, chest pain, which 

as not statistically significant in the main analysis, was more fre- 

uently reported by males in this age group. Similarly, although 

ericarditis was more commonly reported by females in the main 

nalysis, it was more frequently reported among younger males. In 

he 19-64-year age group, females reported higher AE rates in 105 

Ts, while males exhibited higher rates in 3 PTs (Supplementary 

able 4). While most findings aligned with the main analysis, 14 

Ts showed notable differences, even though they did not achieve 

tatistical significance in the main analysis. These included feeling 

ot, chest pain, throat irritation, sputum increased, purpura, cold 

weat, acute disseminated encephalomyelitis, acute aseptic arthri- 

is, tinnitus, liver injury, chillblains, decreased appetite, anxiety, 

nd eye pain, all of which were more frequently reported in fe- 

ales than in males. Among individuals aged 65 years and older, 
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Table 2 

Sex differences in AE reporting rates for COVID-19 vaccines by preferred term. 

Preferred Term (PT) Female Male F/M ratio (95% CI) a 

COVID-19 vaccine-AE 

pair reports 

Reporting rate COVID-19 vaccine-AE 

pair reports 

Reporting rate 

General disorders and administration site conditions ( n = 27) 

Injection site pruritus 119 0.18 16 0.02 9.00 (5.34–15.17) 

Injection site rash 54 0.08 4 0.01 8.00 (2.90–22.09) 

Injection site oedema 90 0.13 16 0.02 6.50 (3.82–11.06) 

Injection site warmth 448 0.67 76 0.12 5.58 (4.38–7.12) 

Localised oedema 32 0.05 8 0.01 5.00 (2.30–10.85) 

Injection site induration 331 0.49 69 0.10 4.90 (3.78–6.35) 

Malaise 25 0.04 8 0.01 4.00 (1.80–8.87) 

Discomfort 26 0.04 5 0.01 4.00 (1.54–10.42) 

Vaccination site rash 28 0.04 4 0.01 4.00 (1.40–11.40) 

Fatigue 1,750 2.61 435 0.66 3.95 (3.56–4.39) 

Axillary pain 50 0.07 10 0.02 3.50 (1.77–6.90) 

Vaccination site pain 80 0.12 24 0.04 3.00 (1.90–4.73) 

Oedema 59 0.09 18 0.03 3.00 (1.77–5.09) 

Vaccination site oedema 22 0.03 6 0.01 3.00 (1.22–7.40) 

Injection site reaction 2,836 4.23 932 1.42 2.98 (2.77–3.21) 

Injection site pain 25,575 38.12 8,880 13.51 2.82 (2.75–2.89) 

Injection site erythema 21,341 31.81 7,442 11.32 2.81 (2.74–2.89) 

Injection site swelling 21,256 31.68 7,452 11.34 2.79 (2.72–2.86) 

Pain 163 0.24 57 0.09 2.67 (1.97–3.61) 

Generalised oedema 3,805 5.67 1,501 2.28 2.49 (2.35–2.64) 

Face oedema 3,840 5.72 1,518 2.31 2.48 (2.34–2.63) 

Asthenia 387 0.58 156 0.24 2.42 (2.01–2.91) 

Chills 30,045 44.78 13,496 20.53 2.18 (2.14–2.22) 

Pyrexia 34,086 50.80 16,330 24.84 2.05 (2.01–2.09) 

Vaccination failure 230 0.34 127 0.19 1.79 (1.44–2.22) 

Chest discomfort 1,094 1.63 730 1.11 1.47 (1.34–1.61) 

Death 399 0.59 663 1.01 0.58 (0.51–0.66) 

Nervous system disorders ( n = 13) 

Somnolence 272 0.41 55 0.08 5.13 (3.84–6.85) 

Neuropathy peripheral 34 0.05 8 0.01 5.00 (2.31–10.80) 

Head discomfort 24 0.04 8 0.01 4.00 (1.80–8.90) 

Depressed level of consciousness 18 0.03 8 0.01 3.00 (1.30–6.90) 

Dysarthria 17 0.03 8 0.01 3.00 (1.29–6.95) 

Tremor 47 0.07 20 0.03 2.33 (1.38–3.93) 

Dizziness 50,191 74.81 22,088 33.60 2.23 (2.19–2.27) 

Headache 82,328 122.71 36,386 55.35 2.22 (2.19–2.25) 

Paraesthesia 238 0.35 109 0.17 2.06 (1.64–2.58) 

Syncope 53 0.08 32 0.05 1.60 (1.03–2.48) 

Hypoaesthesia 144 0.21 94 0.14 1.50 (1.16–1.95) 

Seizure 447 0.67 384 0.58 1.16 (1.01–1.33) 

Paralysis 2,180 3.25 2,290 3.48 0.93 (0.88–0.99) 

Respiratory, thoracic and mediastinal disorders ( n = 11) 

Rhinorrhoea 101 0.15 13 0.02 7.50 (4.21–13.36) 

Nasal congestion 32 0.05 9 0.01 5.00 (2.39–10.47) 

Oropharyngeal pain 181 0.27 37 0.06 4.50 (3.16–6.41) 

Hyperventilation 29 0.04 5 0.01 4.00 (1.55–10.33) 

Bronchospasm 532 0.79 162 0.25 3.16 (2.65–3.77) 

Laryngospasm 347 0.52 109 0.17 3.06 (2.47–3.79) 

Laryngeal oedema 23 0.03 4 0.01 3.00 (1.04–8.67) 

Cough 163 0.24 60 0.09 2.67 (1.99–3.59) 

Wheezing 649 0.97 301 0.46 2.11 (1.84–2.42) 

Dyspnoea 1,592 2.37 1,092 1.66 1.43 (1.32–1.54) 

Acute respiratory distress syndrome 538 0.80 413 0.63 1.27 (1.12–1.44) 

Skin and subcutaneous tissue disorders ( n = 9) 

Skin disorder 389 0.58 136 0.21 2.76 (2.27–3.36) 

Angioedema 110 0.16 38 0.06 2.67 (1.85–3.86) 

Cutaneous vasculitis 86 0.13 34 0.05 2.60 (1.75–3.87) 

Hyperhidrosis 48 0.07 23 0.03 2.33 (1.42–3.83) 

Erythema 70 0.10 36 0.05 2.00 (1.34–2.99) 

Rash 15,163 22.60 8,051 12.25 1.84 (1.79–1.89) 

Urticaria 17,922 26.71 10,254 15.60 1.71 (1.67–1.75) 

Pruritus 1,106 1.65 689 1.05 1.57 (1.43–1.73) 

Erythema multiforme 136 0.20 99 0.15 1.33 (1.03–1.72) 

Gastrointestinal disorders ( n = 8) 

Dyspepsia 106 0.16 34 0.05 3.20 (2.17–4.71) 

Vomiting 18,803 28.03 6,147 9.35 3.00 (2.91–3.09) 

Epigastric discomfort 18 0.03 9 0.01 3.00 (1.35–6.68) 

Nausea 42,221 62.93 14,354 21.84 2.88 (2.83–2.94) 

Abdominal discomfort 64 0.10 28 0.04 2.50 (1.60–3.90) 

( continued on next page ) 
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Table 2 ( continued ) 

Preferred Term (PT) Female Male F/M ratio (95% CI) a 

COVID-19 vaccine-AE 

pair reports 

Reporting rate COVID-19 vaccine-AE 

pair reports 

Reporting rate 

Abdominal pain 13,455 20.05 6,254 9.51 2.11 (2.05–2.17) 

Abdominal pain upper 43 0.06 19 0.03 2.00 (1.17–3.43) 

Diarrhoea 9,552 14.24 5,153 7.84 1.82 (1.76–1.88) 

Cardiac disorders ( n = 7) 

Tachycardia 55 0.08 18 0.03 2.67 (1.57–4.55) 

Palpitations 582 0.87 287 0.44 1.98 (1.72–2.28) 

Pericarditis 394 0.59 317 0.48 1.23 (1.06–1.43) 

Cardiovascular disorder 1,760 2.62 2,202 3.35 0.78 (0.73–0.83) 

Myocarditis 281 0.42 371 0.56 0.75 (0.64–0.88) 

Myocardial infarction 14 0.02 42 0.06 0.33 (0.18–0.60) 

Cardiac arrest 7 0.01 21 0.03 0.33 (0.14–0.78) 

Musculoskeletal and connective tissue disorders ( n = 7) 

Musculoskeletal chest pain 18 0.03 7 0.01 3.00 (1.25–7.18) 

Arthralgia 4,375 6.52 1,901 2.89 2.26 (2.14–2.39) 

Myalgia 78,902 117.60 36,838 56.04 2.10 (2.07–2.13) 

Muscular weakness 51 0.08 26 0.04 2.00 (1.25–3.21) 

Arthritis 4,778 7.12 2,382 3.62 1.97 (1.88–2.07) 

Back pain 51 0.08 34 0.05 1.60 (1.04–2.47) 

Pain in extremity 74 0.11 46 0.07 1.57 (1.09–2.27) 

Immune system disorders ( n = 5) 

Anaphylactoid reaction 2,268 3.38 745 1.13 2.99 (2.75–3.25) 

Immunisation reaction 74 0.11 34 0.05 2.20 (1.47–3.30) 

Hypersensitivity 64,903 96.74 34,854 53.02 1.82 (1.80–1.84) 

Anaphylactic reaction 499 0.74 319 0.49 1.51 (1.31–1.74) 

Vaccine associated enhanced disease 1,420 2.12 1,003 1.53 1.39 (1.28–1.51) 

Blood and lymphatic system disorders ( n = 4) 

Lymphadenitis 5,689 8.48 2,360 3.59 2.36 (2.25–2.48) 

Lymphadenopathy 38 0.06 22 0.03 2.00 (1.18–3.38) 

Thrombocytopenic purpura 1,168 1.74 631 0.96 1.81 (1.64–1.99) 

Coagulopathy 299 0.45 220 0.33 1.36 (1.14–1.62) 

Vascular disorders ( n = 4) 

Lymphoedema 19 0.03 4 0.01 3.00 (1.02–8.82) 

Capillary leak syndrome 53 0.08 20 0.03 2.67 (1.60–4.47) 

Hypotension 31 0.05 12 0.02 2.50 (1.28–4.87) 

Hypertension 49 0.07 27 0.04 1.75 (1.09–2.80) 

Infections and infestations ( n = 3) 

Injection site abscess 619 0.92 168 0.26 3.54 (2.99–4.20) 

Cellulitis 5,416 8.07 1,525 2.32 3.48 (3.29–3.68) 

COVID-19 314 0.47 197 0.30 1.57 (1.31–1.88) 

Psychiatric disorders ( n = 2) 

Mood swings 25 0.04 5 0.01 4.00 (1.53–10.45) 

Listless 18 0.03 9 0.01 3.00 (1.35–6.68) 

Investigations ( n = 1) 

Blood pressure increased 42 0.06 10 0.02 3.00 (1.51–5.98) 

Injury, poisoning and procedural complications ( n = 1) 

Contusion 253 0.38 96 0.15 2.53 (2.00–3.20) 

Metabolism and nutrition disorders ( n = 1) 

Cachexia 215 0.32 60 0.09 3.56 (2.67–4.74) 

Eye disorders ( n = 1) 

Visual impairment 27 0.04 14 0.02 2.00 (1.05–3.81) 

Reporting rates were calculated as the number of reported COVID-19 vaccine-AE pairs per 10 0,0 0 0 vaccine doses administered. COVID-19 vaccination data were obtained 

from the Korea Disease Control and Prevention Agency. Between February 26, 2021, and December 31, 2022, a total of 67,093,500 females and 65,732,676 males received 

COVID-19 vaccinations. 
a The female-to-male (F/M) ratio were calculated by dividing the reporting rate for females by that for males. AE = adverse event. CI = confidence interval. 
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igher AE reporting rates were observed in 36 PTs for females 

nd in 8 PTs for males (Supplementary Table 5). Most findings 

ere consistent with the main analysis; however, several excep- 

ions were observed. For instance, encephalopathy, which was not 

tatistically significant in the main analysis, was reported more fre- 

uently by older males. Additionally, although dyspnoea, acute res- 

iratory distress syndrome, and COVID-19 were more commonly 

eported by females in the main analysis, they were reported more 

requently by males in this age group. 

iscussion 

This study offers a comprehensive analysis of sex differences in 

E reporting following COVID-19 vaccination in South Korea, us- 
6

ng data from the national pharmacovigilance system. Females re- 

orted significantly higher rates of AEs across nearly all anatomi- 

al or physiological systems, as well as specific medical conditions. 

onversely, males were more likely to report SAEs, including life- 

hreatening conditions and death. These findings were consistent 

cross all age groups, underscoring the need for more granular vac- 

ine safety surveillance that considers sex differences. 

Females reported AEs at significantly higher rates than males 

cross 17 SOCs, suggesting that biological sex differences may con- 

ribute to these disparities. Sex-based factors such as hormonal 

ariations, immune responses, and genetic expression are known 

o play a critical role in vaccine-related AEs [ 21 , 22 ]. Estrogen,

hich is more prevalent in females, is known to enhance im- 

une responses and may increase the likelihood of experienc- 
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Table 3 

Sex differences in serious AE reporting rates for COVID-19 vaccines. 

Serious adverse event Female Male F/M ratio (95% CI) a 

COVID-19 

vaccine-AE 

pair reports 

Reporting 

rate 

COVID-19 

vaccine-AE 

pair reports 

Reporting 

rate 

Prolonged 

hospitalization 

24,724 36.85 14,876 22.63 1.63 (1.60–1.66) 

Other unspecified 

clinical intervention 

918 1.37 642 0.98 1.40 (1.27–1.55) 

Persistent or 

significant disability 

211 0.31 195 0.30 1.03 (0.88–1.25) 

Life-threatening 

condition 

226 0.34 295 0.45 0.76 (0.64–0.90) 

Death 1,088 1.62 1,989 3.03 0.53 (0.49–0.57) 

Congenital anomaly 0 0 1 0 –

Reporting rates were calculated as the number of reported COVID-19 vaccine-AE pairs per 10 0,0 0 0 vaccine doses administered. COVID-19 vaccination 

data were obtained from the Korea Disease Control and Prevention Agency. Between February 26, 2021, and December 31, 2022, a total of 67,093,500 

females and 65,732,676 males received COVID-19 vaccinations. 
a The female-to-male (F/M) ratio were calculated by dividing the reporting rate for females by that for males. AE = adverse event. CI = confidence 

interval. 
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ng and reporting mild to moderate AEs. In contrast, testosterone, 

redominant in males, has immunosuppressive effects, potentially 

eading to weaker vaccine responses but greater susceptibility to 

evere outcomes from both infections and vaccine-related reac- 

ions [ 5 ]. Moreover, females are often more aware of faint or dif-

use bodily stimuli that might go unnoticed by males [ 23 ]. This 

eightened symptom sensitivity may partly stem from life ex- 

eriences unique to females—such as menstruation, pregnancy, 

enopause, and lactation—that routinely draw attention to phys- 

ological changes [ 24 ]. 

While this study was limited to biological sex as recorded in 

AERS, the observed disparities may, at least in part, be shaped 

y gender-related factors. Gender, shaped by social roles and iden- 

ities associated with being categorized as a woman or a man, 

lays a critical role in influencing individuals’ symptom perception, 

ealthcare-seeking behavior, and side effect reporting [ 7 , 25 ]. Previ- 

us research suggests that women tend to report a broader range 

f somatic symptoms with greater frequency, intensity, and quan- 

ity compared to men [ 25 ]. Women generally report AEs more fre- 

uently than men, as they are often more health-conscious, more 

ikely to share health concerns with their acquaintances and have 

ore frequent interaction with healthcare providers. Conversely, 

en’s lower healthcare utilization may contribute to underreport- 

ng of AEs [ 26 , 27 ]. Furthermore, the interaction between sex and

ender influences health outcomes by shaping environmental and 

ccupational risks, risk-taking behaviors, and access to and use 

f healthcare [ 28 ]. A sex- and gender-informed approach to re- 

earch has already proven effective in improving patient outcomes 

n fields such as cardiovascular disease [ 29 ]. Understanding how 

oth sex and gender influence vaccine safety is essential for devel- 

ping more responsive public health strategies and ensuring equi- 

able safety monitoring. 

Genetic and cultural factors specific to the Korean population 

ay contribute to the observed sex differences in AE reporting fol- 

owing COVID-19 vaccination. Previous studies have demonstrated 

hat human leukocyte antigen (HLA) alleles are associated with AEs 

fter mRNA-based COVID-19 vaccination [ 30–32 ]. In the Korean 

opulation, HLA-A and HLA-DRB1 alleles are widely distributed, 

ith HLA-A∗24:02 and HLA-DRB1∗09:01 showing especially high 

requencies [ 33 ]. These findings suggest that an underlying genetic 

ackground may influence individual susceptibility to AEs follow- 

ng COVID-19 vaccination. In addition to genetic factors, cultural 

nfluences may also play a significant role in shaping sex-specific 

eporting rates. In many Asian cultural contexts, the concept of 
7

face” significantly shapes individual behaviors and decisions, par- 

icularly in relation to emotional expression and health-related dis- 

losures [ 34 ]. In Korea, this notion is embodied in chemyon, a cul- 

urally embedded construct that reflects an individual’s social self- 

mage and moral standing as perceived by others [ 35 , 36 ]. Chemyon

s a relational construct that is deeply embedded in Confucian val- 

es emphasizing harmony, hierarchy, and group-oriented behavior 

 35 , 36 ]. Disclosing distress or adverse symptoms may be perceived 

s a loss of face, potentially seen not only as a personal weakness 

ut also as bringing shame to one’s family [ 37 ]. As a result, Korean

en’s willingness to report symptoms or seek help may be lim- 

ted by various sociocultural factors, including concerns about los- 

ng face and conformity to traditional masculine norms. These fac- 

ors suggest that Korea’s sociocultural context may intensify sex- 

pecific differences in AE reporting. 

Our findings suggest additional sex-specific patterns of AE re- 

orting that may be specific to the Korean population. A review 

f experimental and observational studies on COVID-19 vaccine 

afety identified seven studies that reported sex-specific risks, gen- 

rally indicating higher risks among females. In particular, typi- 

al local and systemic reactions—such as redness, swelling, and 

ever—as well as non-anaphylaxis allergic reactions were reported 

ore frequently in females [ 9 ]. Likewise, prior international stud- 

es have consistently reported higher AE reporting rates among fe- 

ales, particularly in the categories of “General disorders and ad- 

inistration site conditions” (e.g., injection site pain, swelling) and 

Skin and subcutaneous tissue disorders” (e.g., redness, dermato- 

ogic reactions) [ 38 , 39 ]. By contrast, our analysis showed that fe-

ales reported AEs at approximately threefold the rate of males in 

he SOCs “Infections and infestations,” “Psychiatric disorders,” and 

Metabolism and nutrition disorders.” This pattern has not been 

onsistently reported in international datasets. Such differences 

ay reflect population-specific characteristics, potentially driven 

y genetic, cultural, or healthcare system factors. 

This study provides key information to inform Korean vaccine 

olicy, highlighting the importance of implementing sex-stratified 

afety monitoring systems, risk communication strategies, and clin- 

cal guidelines tailored to the specific needs of the Korean pop- 

lation. The consistently higher rates of AE reporting among fe- 

ales, particularly in categories such as infections and infestations, 

sychiatric disorders, and metabolism and nutrition disorders, in- 

icate a need for more focused post-vaccination monitoring and 

ollow-up in female populations. Conversely, the higher reporting 

ates of cardiac disorders among males underscore the importance 



J.A. Kim, S. Park, H. Cho et al. International Journal of Infectious Diseases 162 (2026) 108107

o

t

e

K

c

u

d

i

(

t

m

c

a

g

n

t

i

y

v

o

f

p

m

n

c

m

s

i

n

p

b

I

v

i

e

m

a

a

h

d

S

s

t

r

[  

s

f

p

l

b

i

l

c

o

s

c

t

(

a

p

r

d

c

p

f

o

t

n

b

s

t

l

w

d

s

r

p

c

a

t

o

a

v

p

i

t

i

s

m

A

p

J

r

c

w

d

t

r

D

t

S

s

E

E

D

c

i

A

R

a

n

t

t

f

f targeted surveillance for serious AEs in male recipients. Collec- 

ively, these findings support the development of more precise, 

quitable, and population-responsive vaccine safety strategies in 

orea. 

Although our analysis focused exclusively on COVID-19 vac- 

ines, the observed sex differences in AE reporting may not be 

nique to this vaccine type. Previous studies using the KAERS 

atabase have shown a consistent pattern of female predominance 

n AE reporting across various drug classes. For example, Park et al. 

2021) examined AEs related to cardiovascular drugs and found 

hat females had a significantly higher overall reporting rate than 

ales [ 40 ]. Similarly, Joung et al. (2020) analyzed AE reports asso- 

iated with antidiabetic drugs and reported higher reporting rates 

mong females in the majority of SOCs [ 41 ]. These findings sug- 

est that the higher frequency of AE reporting among females is 

ot specific to COVID-19 vaccines, but rather reflects a consistent 

rend observed across spontaneous pharmacovigilance data involv- 

ng various therapeutic areas. 

This study is among the first to provide a comprehensive anal- 

sis of sex differences in AE reporting rates following COVID-19 

accination in South Korea during the pandemic. A major method- 

logical strength is the use of national vaccine administration data 

rom the KDCA, which enabled the calculation of AE reporting rates 

er 10 0,0 0 0 administered doses. This approach addresses a funda- 

ental limitation of passive surveillance systems such as KAERS, 

amely the absence of denominator data, and enables more ac- 

urate comparisons of AE reporting rates between sexes. Further- 

ore, by disaggregating AEs at both the SOC and PT levels, the 

tudy provides a more granular understanding of sex differences 

n vaccine safety reporting. This analytical framework integrates 

ational vaccine administration data with pharmacovigilance re- 

orts and applies sex-specific analyses of vaccine-related AEs at 

oth broad and detailed levels, based on MedDRA classifications. 

n doing so, it offers a practical basis for supporting more equitable 

accine safety policies and informing sex-responsive public health 

nterventions. Moreover, these findings are particularly relevant for 

nhancing targeted safety surveillance and refining evidence-based 

onitoring strategies that account for sex-related disparities. 

However, several limitations should be acknowledged. First, as 

 voluntary reporting system, KAERS is subject to reporting bias, 

s individuals with more severe symptoms or better access to 

ealthcare may be more likely to report AEs. Second, this study 

id not include data from the COVID-19 Vaccination Management 

ystem (CVMS), a web-based passive vaccine safety surveillance 

ystem operated by the KDCA. Under the Infectious Disease Con- 

rol and Prevention Act, physicians and forensic pathologists are 

equired to report all AEs following immunization to the CVMS 

 42 ]. The absence of CVMS data may have led to an underrepre-

entation of clinically confirmed or severe events. Integrating data 

rom both systems in future studies would provide a more com- 

lete assessment of vaccine safety. Third, because the study popu- 

ation consisted exclusively of South Koreans, the findings may not 

e generalizable to other populations, due to potential differences 

n genetic, behavioral, and sociocultural factors. Fourth, the dataset 

acked gender-related information, as it included only binary sex 

lassifications. This limitation hindered the analysis of the effects 

f gender-related factors on AE reporting. To enable such analy- 

es in the future, health data systems should include variables that 

apture both sex- and gender-related constructs. For example, dis- 

inguishing between sex (as a biological characteristic) and gender 

as an identity), and collecting data on both sex assigned at birth 

nd current gender identity, can facilitate more accurate and com- 

arable analyses. In practice, this also requires vaccine developers, 

egulatory agencies, and public health authorities to systematically 

isaggregate safety data by sex and gender to support more in- 

lusive, equitable, and evidence-informed monitoring. Fifth, like all 
8

assive surveillance systems, KAERS cannot establish causality. The 

requencies reported here do not represent the actual incidence 

r risk of AEs. To strengthen causal inference and complement 

hese findings, further studies using prospective cohort designs are 

eeded. Finally, the KAERS database lacks information on the num- 

er of COVID-19 vaccine doses each individual received. As a result, 

tratifying AE reports by vaccine dose number was not feasible in 

his study. To address this limitation, future research could leverage 

inked datasets that integrate individual-level vaccination records 

ith pharmacovigilance data, thereby enabling more detailed and 

ose-specific safety assessments. Such analyses could provide in- 

ights into dose-dependent sex differences, tem poral patterns, and 

isk stratification. 

In conclusion, females consistently demonstrated higher AE re- 

orting rates following COVID-19 vaccination across most clini- 

al categories, particularly for infections and infestations, psychi- 

tric disorders, and metabolism and nutrition disorders. In con- 

rast, males showed higher reporting rates only in the cardiac dis- 

rders category and for SAEs. These sex differences were observed 

cross all age groups, highlighting biological factors that influence 

accine safety outcomes. Recognizing and accounting for these dis- 

arities may help clinicians provide better counseling and manag- 

ng vaccine-related AEs more effectively. Moreover, it is essential 

o consider sex differences throughout the entire vaccine lifecycle, 

ncluding development, clinical trial design, and post-marketing 

urveillance, to enhance vaccine safety, foster public trust, and pro- 

ote transparency. 
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