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Abstract 

Background Numerous studies have demonstrated that COVID-19 is associated with an increased risk of new-
onset fibromyalgia (FM), which not only significantly impacts patients’ quality of life but also places a substantial 
burden on healthcare systems. However, no studies have yet investigated whether COVID-19 vaccination may 
mitigate the risk of developing new-onset FM in individuals who have survived COVID-19. This study aimed to assess 
the potential effect of COVID-19 vaccination in reducing the risk of new-onset FM among COVID-19 survivors.

Methods We utilized the data resources from the TriNetX platform to compare 90,508 COVID-19 survivors who 
received the COVID-19 vaccine with 90,508 unvaccinated survivors. The Cox proportional hazards regression model 
was used to estimate the hazard ratio (HR) and its corresponding 95% confidence interval (CI). The incidence was cal-
culated using the Kaplan–Meier survival analysis method. Furthermore, we conducted detailed subgroup analyses 
and sensitivity analyses.

Results The cohort analysis of the present study revealed a significant reduction in the risk of new-onset FM 
among COVID-19 survivors who received the COVID-19 vaccine, compared to the unvaccinated group (HR 0.84; 95% 
CI 0.71–0.99). Notably, the results of the subgroup analysis indicated that the COVID-19 vaccine exerted a protective 
effect against the development of new-onset FM in males, individuals with a body mass index (BMI) < 30, and those 
with comorbid depression and anxiety.

Conclusions Our findings suggest that COVID-19 vaccination may play a protective role in reducing the risk of new-
onset FM among COVID-19 survivors. The findings may indicate the importance of targeting vaccination to specific 
subgroups, such as males, individuals with lower BMIs, and those with mental health conditions, including depres-
sion and anxiety. This approach may enhance the protective effects of the vaccine and further reduce the inci-
dence of long-term health complications associated with COVID-19. Further research is needed to validate these 
observations.
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Background
Fibromyalgia (FM) is a complex chronic pain syndrome 
clinically characterized by widespread musculoskeletal 
pain, fatigue, sleep disturbances, and cognitive impair-
ments [1]. According to research statistics, the preva-
lence of FM worldwide is approximately 2–4%, making 
it the third most common musculoskeletal disorder 
after osteoarthritis and rheumatoid arthritis [2, 3]. Fur-
thermore, it is associated with a high rate of suicide [4] 
and considerable healthcare utilization [5]. Its patho-
physiological mechanisms primarily involve functional 
changes in the neural pathways related to pain percep-
tion within the nervous system, leading to the emergence 
of hyperalgesia [6]. Moreover, the etiology of FM may 
be associated with a variety of potential factors, includ-
ing psychosocial stress and environmental exposure fac-
tors [2]. Notably, certain viral infections, such as human 
immunodeficiency virus infection and hepatitis C virus 
infection, are associated with the prevalence of FM [7]. 
Although the exact pathogenesis of FM remains unclear, 
existing research has suggested that direct virus inva-
sion or an abnormal immune response of the host may 
be closely related to FM [8]. Moreover, physical and psy-
chological stress associated with infection has been iden-
tified as a known factor that exacerbates the symptoms 
of FM [2]. These findings provide important clues for a 
deeper understanding of the complex pathological pro-
cesses of FM.

Recent studies have suggested that FM may represent 
a form of post-viral fatigue syndrome [9]. As a global 
pandemic, COVID- 19 has been implicated in triggering 
the development of FM [2]. Notably, at least one-third 
of COVID- 19 patients have reported clinical features 
resembling those of FM following infection, including 
musculoskeletal pain, fatigue, and sleep disturbances 
[10, 11]. An online survey of 616 COVID- 19 patients 
revealed that 30.7% met the diagnostic criteria for FM 
as established by the American College of Rheumatol-
ogy [12, 13]. FM is increasingly recognized as a signifi-
cant long-term consequence of COVID- 19, resulting 
in considerable impairments in both quality of life and 
functional status [12]. From an etiological perspective, 
COVID- 19-induced inflammation appears to be closely 
linked to the pathogenesis of FM. COVID- 19 infection 
can trigger a cytokine storm, leading to heightened excit-
ability in both the peripheral and central nervous systems 
[11, 14]. This immune response is also common in FM 
patients and plays a key role in mediating FM symptoms 
[15]. Additionally, research has shown that both COVID- 
19 and FM patients exhibit immune dysregulation, char-
acterized by elevated serum levels of pro-inflammatory 
cytokines such as TNF-α, IL- 6, and IL- 8 [16]. Oxida-
tive stress has also been identified as a critical factor in 

the pathogenesis of both COVID- 19 [17] and FM [18]. 
Elevated malondialdehyde levels have been observed in 
both patient groups [19, 20], and studies have demon-
strated that antioxidant treatments can effectively ame-
liorate severe symptoms in COVID- 19 patients [21] as 
well as improve FM symptoms [22]. In the context of the 
COVID- 19 pandemic, exploring strategies to mitigate 
the incidence of FM in individuals suffering from long-
term sequelae of COVID- 19 holds significant clinical 
and public health value.

COVID- 19 vaccines play a crucial role in controlling 
the pandemic caused by the severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV- 2). Numerous studies 
have demonstrated that vaccination against COVID- 19 
could effectively reduce the severity of infectious symp-
toms and significantly lower hospitalization rates and 
mortality associated with COVID- 19 [23, 24]. Research 
has indicated that among individuals with COVID- 19, 
those who have been vaccinated generally exhibit lower 
concentrations of cytokines and chemokines compared 
to their unvaccinated counterparts [25]. Additionally, 
vaccinated patients show a reduction in the percentage 
of Fc gamma receptor I (CD64)-positive neutrophils as 
well as the expression of CD64 on the surface of neutro-
phils [26]. As a result, COVID- 19 vaccines help to limit 
inflammatory responses and immune reactions, which 
are closely correlated with a lower severity of COVID- 19 
symptoms. However, no studies have assessed the impact 
of COVID- 19 vaccination on the incidence of subse-
quent FM in infected individuals.

This study aims to investigate the impact of COVID- 19 
vaccination on the incidence of new-onset FM in indi-
viduals recovering from COVID- 19. Using data from a 
COVID- 19 cohort of adult patients aged 18 years and 
older, we utilized the TriNetX database to compare the 
risk of subsequent FM between individuals vaccinated 
and unvaccinated prior to infection, with subgroup 
analysis conducted. In the context of the ongoing global 
response to COVID- 19 and its complex aftermath, this 
study is both timely and of practical significance. Fur-
thermore, this study can provide a basis for optimiz-
ing vaccination strategies, mitigate the long-term health 
burden of COVID- 19, and provide valuable insights into 
public health crises.

Methods
Data sources
This retrospective cohort study utilized the TriNetX 
analytics platform, a web-based database containing 
deidentified electronic health records (EHRs) from 
over 100 million patients across multiple countries. The 
dataset includes basic demographics, diagnoses (using 
the International Statistical Classification of Diseases, 
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Tenth Revision, Clinical Modification [ICD- 10-CM] 
codes), procedures (using the Current Procedural Ter-
minology codes), and medications (using the RxNorm 
codes). TriNetX, LLC adheres to the Health Insurance 
Portability and Accountability Act (HIPAA), a US fed-
eral law aimed at protecting the privacy and security of 
healthcare information, as well as other relevant data 
privacy regulations enforced by participating health-
care organizations. The platform is certified under 
ISO 27001:2013 and operates an Information Security 
Management System (ISMS) to uphold the security 
of healthcare data and comply with HIPAA’s Security 
Rule. Healthcare data is then processed into a propri-
etary data schema through a rigorous quality assurance 
process, which includes comprehensive data cleaning 
[27]. Data extraction and analysis were performed in 
July 2023 using the US collaborative network subnet 
TriNetX, which encompasses 66 health care organiza-
tions (HCOs). This study was approved by the Institu-
tional Review Board for Ethics of Chung Shan Medical 
University Hospital (IRB number: CS2 - 21,176) and 
was performed in accordance with the Declaration of 
Helsinki.

Study population and exposure
This retrospective cohort study utilized data from the 
US Collaborative Network spanning from January 1, 
2021, to December 31, 2023. The study population con-
sisted of adult patients aged 18 years and older who 
were diagnosed with SARS-CoV- 2 infection, defined 
by codes including positive laboratory results for SARS 
coronavirus 2 (TriNetX code: 9088), COVID- 19 (ICD- 
10-CM: U07.1), unspecified coronavirus infection 
(ICD- 10-CM: B34.2), pneumonia due to SARS-asso-
ciated coronavirus disease 2019 (ICD- 10-CM: J12.82), 
and other coronavirus-related diseases (ICD- 10-CM: 
B97.29) (Additional file 1: Tables 1 and 2). The variable 
of interest was the receipt of the COVID- 19 vaccine, 
comparing patients with breakthrough infections post-
vaccination and unvaccinated individuals with infec-
tions. The vaccinated cohort (N = 524,586) included 
those who received the COVID- 19 vaccine at least 
2 weeks before infection. The unvaccinated group (N = 
316,112) consisted of individuals who had not received 
the COVID- 19 vaccine but had received the influenza 
vaccine. This approach accounted for vaccine hesitancy, 
ensuring the control group included individuals who 
accepted vaccination in general but not for COVID- 19 
vaccine. The exclusion criteria for both groups included 
a history of cancer before the index date, FM or pain 
not elsewhere classified before the index date, and 
death before the index date.

Outcome and covariates
The primary outcome of this study was the incidence of 
FM (ICD- 10-CM: M79.7). The diagnostic criteria for 
fibromyalgia require symptoms to persist for at least 
3  months. Accordingly, a 90-day washout period was 
applied. Patients were then followed for 1 year, until the 
occurrence of fibromyalgia, or until the last documented 
entry within the patient’s medical record during the study 
period, whichever came first. Second, to address compet-
ing risks and survivorship bias, we combined each out-
come with death in a composite measure [28].

Covariates were assessed within 1 year before the index 
date and included age, sex, ethnicity, and race. Medical 
utilization covariates included office or other outpatient 
services, hospital inpatient services, and emergency 
department services. Socioeconomic and psychosocial 
circumstances were considered. Lifestyle factors such 
as tobacco use (ICD- 10-CM: Z72.0), nicotine depend-
ence (ICD- 10-CM: F17), and alcohol-related disorders 
(ICD- 10-CM: F10) were also assessed. The comorbidi-
ties included hypertensive diseases (ICD- 10-CM: I10-I1 
A), fibromyalgia mellitus (ICD- 10-CM: E08-E13), hyper-
lipidemia (ICD- 10-CM: E78), rheumatoid arthritis with 
rheumatoid factor (ICD- 10-CM: M05), other rheuma-
toid arthritis (ICD- 10-CM: M06), systemic lupus erythe-
matosus (SLE) (ICD- 10-CM: M32), gout (ICD- 10-CM: 
M10), ankylosing spondylitis (ICD- 10-CM: M45), other 
and unspecified osteoarthritis (ICD- 10-CM: M19), 
depressive episodes (ICD- 10-CM: F32), other anxi-
ety disorders (ICD- 10-CM: F41), delusional disorders 
(ICD- 10-CM: F22), sleep disorders (ICD- 10-CM: G47), 
chronic kidney disease (CKD) (ICD- 10-CM: N18), heart 
failure (ICD- 10-CM: I50), ischemic heart diseases (ICD- 
10-CM: I20-I25), and cerebrovascular diseases (ICD- 
10-CM: I60-I69) (Additional file 1: Table 3).

Statistical analysis
The TriNetX platform was used to perform all the statis-
tical analyses. To minimize the influence of confounding 
factors, propensity score matching (PSM) was conducted 
using greedy nearest neighbor matching with a caliper of 
0.1 pooled standard deviations between the two groups. 
Matching was based on age at index, gender, race, ethnic-
ity, medical utilization, socioeconomic status, lifestyle, 
and all comorbidities outlined in the covariate Sect. [29]. 
The standardized mean difference (SMD) was utilized to 
assess the balance of baseline characteristics in the pro-
pensity score-matched groups, with SMD values less 
than 0.10 serving as indicators of balance within the stud-
ied population [30].

The hazard ratio (HR) alongside its confidence inter-
vals (CIs) and the test for proportionality were computed 
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through R’s survival package (version 3.2–3). A log-rank 
test and the associated Kaplan–Meier method were also 
used to evaluate the incidence of FM. R software, version 
4.0.2 (Free Software Foundation Inc) was used for analy-
ses in this study. Statistical significance was defined as a 
2-sided p value < 0.05.

We performed subgroup analyses stratified by sex 
(females, males), age (18–44, 45–64, 65 years and older), 
body mass index (BMI) (less than 30, 30–39, 40 and 
above), and comorbidities. Studies have shown that more 
than one-third of patients with rheumatoid arthritis 
(RA) develop secondary FM [31, 32]. Anxiety disorders 
and depression are significant predisposing factors for 
FM. Notably, the onset of anxiety and depression typi-
cally precedes the development of FM symptoms by an 
average of 1 year [33], suggesting that psychological fac-
tors may play a critical role in the onset and progression 
of FM. Additionally, sleep disorders have been impli-
cated in the development of new-onset FM. Research 
has demonstrated that sleep spindles, which result from 
the rhythmic discharge of thalamic relay neurons, are 
closely linked to the onset and persistence of non-restor-
ative sleep [34]. Given these associations, we conducted 
an analysis of a subgroup of COVID- 19 patients with 
comorbid RA, depressive episodes, anxiety disorders, 
and sleep disturbances, in order to examine the impact of 
these conditions on the development of new-onset FM.

Further sensitivity analyses included the following: (1) 
redefining the unvaccinated group as those who had not 
received the COVID- 19 vaccine; (2) validating our pri-
mary results across the global collaborative network with 
a larger population, encompassing regions such as the 
USA, EMEA, APAC, Latin America, and other interna-
tional networks; (3) restricting the analysis to individuals 
who had at least one inpatient or outpatient visit within 
0–6 months before the index date and at least one visit 
within 7–12 months before the index date to exclude the 
possibility that patients with new-onset FM were undiag-
nosed before the index date due to lack of medical atten-
tion; and (4) restricting the analysis to severe COVID- 19 
cases, defined as those with hospital inpatient services, 
critical care services, and mechanical ventilation codes in 
their EHRs.

Results
Baseline characteristics of the study population
Following the application of propensity score matching 
(PSM), we identified 90,508 patients in both the vac-
cinated and unvaccinated groups (Fig. 1). The mean age 
at the index date was 49.6 ± 18.4 years in the vaccinated 
group and 45.9 ± 18.8 years in the unvaccinated group. 
After matching, the mean ages were closely aligned at 

46.5 ± 18.3 years and 46.6 ± 18.8 years, respectively, with 
an SMD of 0.0014.

The sex distribution was similar after matching: 59.2% 
of patients were female in the vaccinated group, and 
59.1% of the patients were female in the unvaccinated 
group (SMD = 0.0019). Ethnicity was classified into three 
categories: Hispanic or Latino, not Hispanic or Latino, 
and unknown. Before matching, there was a notable dif-
ference in the proportion of individuals who were not 
Hispanic or Latino (SMD = 0.1259), which was similar 
after matching (77.0% vs. 76.4%; SMD = 0.0144). Sig-
nificant variations in race distribution were observed 
before matching, particularly for Asians (9.3% in the vac-
cinated group vs. 3.5% in the unvaccinated group; SMD 
= 0.2396). These differences were substantially reduced 
after matching.

Medical utilization indicators, such as office or other 
outpatient services and emergency department services, 
were higher in the unvaccinated group before matching 
but became comparable after matching. Comorbidities 
such as hypertensive diseases, FM mellitus, hyperlipi-
demia, depressive episodes, anxiety disorders, sleep dis-
orders, and chronic kidney disease were balanced after 
matching, ensuring comparable groups for subsequent 
analyses (Additional file 1: Table 4).

Lower FM risk in vaccinated individuals
In the vaccinated group, 242 patients developed FM, 
whereas 289 patients in the unvaccinated group did. 
The hazard ratio for FM in the vaccinated group was 
0.843 (95% CI: 0.710, 0.999), indicating a reduced risk 
compared to the unvaccinated group. When consider-
ing composite endpoints of FM or death, 785 patients 
in the vaccinated group experienced these outcomes, 
whereas 963 patients in the unvaccinated group experi-
enced them. The hazard ratio for the composite endpoint 
was 0.820 (95% CI: 0.746, 0.901), further demonstrating 
a lower risk for the vaccinated group (Table  1). These 
hazard ratios were calculated after propensity score 
matching to ensure comparable groups, providing robust 
evidence of the protective effect of vaccination against 
FM and related outcomes. Figure  2 illustrates that the 
Kaplan–Meier curves revealed a lower incidence of FM 
in the vaccinated group than in the unvaccinated group 
(log-rank p = 0.049).

Subgroup analyses
The subgroup analyses of the cohort revealed sev-
eral key findings. Both female- and male-vaccinated 
patients were analyzed, with males showing a signifi-
cantly reduced risk of FM (HR: 0.520, 95% CI: 0.342–
0.792). The BMI analysis demonstrated a significantly 
reduced risk in patients with a BMI < 30 (HR: 0.564, 
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95% CI: 0.347–0.918). Additionally, patients with 
comorbidities such as depressive episodes (HR: 0.552, 
95% CI: 0.365–0.835) and other anxiety disorders (HR: 
0.598, 95% CI: 0.425–0.841) also demonstrated signifi-
cantly reduced risks of FM (Fig. 3 and Additional file 1: 
Table 5).

Sensitivity analyses
To ensure the reliability of our results, we conducted four 
sensitivity analyses to validate our findings (Additional 
file 1: Table 6).

Redefining the unvaccinated group
We redefined the unvaccinated group as those who had 
not received the COVID- 19 vaccine. In this redefined 

Fig. 1 Study flowchart

Table 1 Hazard ratio and 95% CIs for the risk of fibromyalgia (N = 
90,508)

Note: Hazard ratio for outcomes among vaccinated group compared to 
unvaccinated group subjects (after propensity score matching). 95% CI, 95% 
confidence interval

Patients in 
cohort

Patients 
with 
outcome

Hazard ratio (95% 
CI)

Fibromyalgia
 Vaccinated 90,508 242 0.843 (0.710, 0.999)

 Unvaccinated 90,508 289 Reference

Composite end points—fibromyalgia or death
 Vaccinated 90,508 785 0.820 (0.746, 0.901)

 Unvaccinated 90,508 963 Reference
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group, vaccinated individuals had a hazard ratio of 0.872 
(95% CI: 0.766–0.992) for FM compared to their unvac-
cinated counterparts. For the composite endpoint of FM 

or death, the hazard ratio for the vaccinated group was 
0.816 (95% CI: 0.764–0.871) relative to that of the unvac-
cinated group (Additional file 1: Table 6–1).

Fig. 2 Kaplan–Meier curves of cumulative probability (%) of fibromyalgia comparing vaccinated and unvaccinated groups

Fig. 3 Subgroup analysis
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Validation within the global collaborative network
To validate our primary results within a broader popula-
tion, we analyzed data from the global collaborative net-
work. For the risk of FM, vaccinated individuals had a 
hazard ratio of 0.826 (95% CI: 0.701–0.972) compared to 
their unvaccinated counterparts. For the composite end-
point of FM or death, the hazard ratio for the vaccinated 
group was 0.794 (95% CI: 0.725–0.869) relative to that of 
the unvaccinated group (Additional file 1: Table 6–2).

Restricting analysis to individuals with prior medical visits
We restricted the analysis to individuals who had at 
least one inpatient or outpatient visit within 0–6 months 
before the index date and at least one visit within 7–12 
months before the index date. This approach was used to 
exclude the possibility that patients with new-onset FM 
were undiagnosed before the index date due to a lack of 
medical attention. For the risk of FM, vaccinated indi-
viduals had a hazard ratio of 0.767 (95% CI: 0.634–0.928) 
compared to their unvaccinated counterparts. For the 
composite endpoint of FM or death, the hazard ratio for 
the vaccinated group was 0.809 (95% CI: 0.730–0.897) 
relative to that of the unvaccinated group (Additional 
file 1: Table 6–3).

Restricting analysis to severe COVID‑ 19 cases
We restricted the analysis to only include severe COVID- 
19 cases, defined as those with hospital inpatient ser-
vices, critical care services, and mechanical ventilation 
codes in their EHRs. For the risk of FM among patients 
with severe COVID- 19, vaccinated individuals had a 
hazard ratio of 0.747 (95% CI: 0.332–1.682) compared 
to their unvaccinated counterparts. Regarding the com-
posite endpoint of FM or death, the hazard ratio for the 
vaccinated group was 1.053 (95% CI: 0.878–1.262) rela-
tive to that of the unvaccinated group (Additional file 1: 
Table 6–4).

Discussion
In this large-scale cohort study, we compared the risk 
of new-onset FM in 90,508 COVID- 19 survivors who 
received the COVID- 19 vaccine and 90,508 unvacci-
nated individuals. The results indicated that the risk of 
new-onset FM in vaccinated COVID- 19 survivors was 
84.3% (HR: 0.843, 95% CI: 0.710, 0.999) of that in the 
unvaccinated control group, reflecting a 15.7% reduction 
in risk. These findings suggest that COVID- 19 vaccina-
tion may offer a protective effect in reducing the likeli-
hood of new-onset FM among COVID- 19 survivors.

Immune dysfunction has been identified as a poten-
tial pathological mechanism in fibromyalgia (FM) 
patients [15]. COVID- 19 can exacerbate immune and 

inflammatory responses [35] and significantly increase 
the incidence of FM [12, 36]. In a prospective study 
by Zhu et  al. [25] evaluating dynamic inflammatory 
responses in 882 COVID- 19 survivors, vaccinated 
COVID- 19 survivors exhibited lower levels of inflam-
matory markers, such as interleukin- 7 (IL- 7) and tumor 
necrosis factor-α, in the short and long term after infec-
tion. Specifically, 90 days after infection, the concentra-
tions of IL- 7, IL- 8, and vascular endothelial growth 
factor A in fully vaccinated COVID- 19 survivors were 
approximately 20% lower than those in unvaccinated 
individuals. In addition, Huapaya et  al. [26] compared 
the peripheral blood cellular immune responses of 118 
COVID- 19 survivors who had received and not received 
the COVID- 19 vaccine, and finding that the immune 
response of vaccinated individuals was more moder-
ate. These findings suggest that the COVID- 19 vaccine 
may reduce the risk of new-onset FM by regulating the 
immune response and reducing the level of inflammatory 
mediators.

In the context of the COVID- 19 pandemic and vacci-
nation, the significance of gender differences in vaccine 
effectiveness cannot be ignored. This study demonstrated 
the protective effect of COVID- 19 vaccination on the 
risk of new-onset FM in different sex groups through 
detailed subgroup analysis. Notably, for male COVID- 
19-infected people, vaccination significantly reduced the 
risk of new-onset FM (HR 0.520; 95% CI 0.342–0.792). 
However, for females, the effect of vaccination was not 
significant (HR 1.003; 95% CI 0.820–1.228). The protec-
tive effect of COVID- 19 vaccination on the risk of new-
onset FM was primarily observed in male survivors. 
Firstly, females were more susceptible to FM than males. 
Studies have demonstrated that the male-to-female ratio 
in both clinical and population-based studies ranges from 
1:6 to 1:9 [1]. This gender disparity was thought to be 
linked to various factors, including differences in physi-
ological structure, hormone levels, immune system char-
acteristics, and psychosocial influences [37, 38]. While 
vaccination may offer a certain degree of immune pro-
tection, its efficacy may be diminished in females due to 
their heightened susceptibility to FM. Secondly, Ursini 
et  al. identified male sex as an independent and strong 
predictor of new-onset FM following COVID- 19 infec-
tion, suggesting that the observed increase in FM prev-
alence among males could be attributed to a generally 
more aggressive disease course [12]. Males may experi-
ence a more severe clinical progression of COVID- 19. 
Specifically, the hospitalization rate for COVID- 19 is 
approximately 50% higher in males compared to females, 
with the rate of male patients requiring intensive care 
units being 2–4 times greater than that for females [39]. 
Therefore, the COVID- 19 vaccine may play a crucial 
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role in mitigating the severity of symptoms and damage 
caused by the virus, thus reducing the risk of new-onset 
FM after COVID- 19 infection.

This study found that the COVID- 19 vaccine offered 
some protection against new-onset FM in COVID- 19 
patients with a BMI < 30. However, as BMI increased, 
this protective effect gradually diminished and was no 
longer statistically significant. This phenomenon may 
be attributed to immune dysfunction, reduced humoral 
response, and socio-behavioral factors associated with 
obesity. Specifically, the humoral immune response in 
obese individuals decreased with increasing BMI [40, 41], 
and the rate at which antibody titers decline was faster, 
resulting in a lower neutralizing capacity compared to 
individuals with a normal BMI [41, 42]. Moreover, dur-
ing the pandemic, obese individuals were disproportion-
ately affected by lockdown measures, which led to poorer 
dietary habits, decreased physical activity, and impaired 
weight management [43]. These factors could contribute 
to negative emotions, such as anxiety and depression, 
which, in turn, may weaken immune function and reduce 
vaccine efficacy. In light of these findings, future vaccina-
tion strategies should address the specific needs of the 
obese population, such as incorporating booster doses to 
sustain immunity, thereby enhancing protection against 
COVID- 19 and reducing the risk of new-onset FM in 
obese individuals.

According to the subgroup analysis of this study, the 
risk of new-onset FM in COVID- 19 survivors with 
comorbid anxiety or depressive symptoms was signifi-
cantly reduced by approximately 50% after vaccination. 
Mental health has been shown to have a significant cor-
relation with FM [44], and the COVID- 19 epidemic 
has had a profound impact on global mental health 
[45]. First, anxiety and depression are associated with 
chronic inflammation and immune system dysregula-
tion. The COVID- 19 vaccine may mitigate the inflam-
matory response, thereby reducing the risk of new-onset 
FM [46]. Additionally, vaccination offers a sense of psy-
chological security for COVID- 19 survivors, which may 
reduce psychological stress and negative emotions [47], 
thereby indirectly preventing new-onset FM.

Sensitivity analysis enhanced the robustness of research 
conclusions. Meta-analyses have confirmed that COVID- 
19 vaccination was effective in protecting patients with 
rheumatic diseases from severe illness caused by the 
virus and was generally considered safe [48]. Moreover, 
vaccinated patients with rheumatic diseases had exhib-
ited a lower incidence of pneumonia and hospitaliza-
tion compared to their unvaccinated counterparts [49]. 
The sensitivity analysis in our study, which redefined 
the unvaccinated group and validated the results within 
a global collaborative network, showed a reduced effect 

of vaccination on the risk of FM. This finding aligns with 
previous studies suggesting that vaccines helped reduce 
the risk of various diseases. Restricting the analysis to 
individuals with prior medical visits further mitigated the 
potential for missed diagnoses due to inadequate medical 
attention, thereby increasing the reliability of the results. 
Notably, a trend towards a protective effect of COVID- 
19 infection was observed in elderly individuals (aged 
over 65) within high-risk populations, although this did 
not reach statistical significance. Our study found that 
COVID- 19 vaccination may have a significant protective 
effect against the onset of FM in females, individuals with 
a BMI < 30, and those with depression and anxiety. Con-
sequently, vaccination strategies should include mental 
health support and education to encourage vaccination 
among these vulnerable groups.

It is important to note that individuals’ vaccine hesi-
tancy and attitudes [50] may influence their acceptance 
and response to health information. Those who choose 
not to be vaccinated may exhibit skepticism towards 
health information [51], which could affect their aware-
ness of symptoms and willingness to seek medical treat-
ment, thereby increasing their susceptibility to FM. In 
contrast, vaccinated individuals may be more proactive 
in seeking healthcare services, potentially reducing the 
incidence of FM. Additionally, psychological factors [51], 
such as fear of vaccination or mistrust of the medical sys-
tem, along with excessive worry and panic, may increase 
the risk of developing new-onset FM.

Our study had several strengths that enhanced the 
robustness of our results. First, the TriNetX electronic 
health record database, which contains the largest world 
COVID- 19 dataset [52] and encompasses diverse geo-
graphic locations, age groups, and racial populations, was 
utilized. We established a large national cohort through the 
TriNetX network to investigate the association between 
COVID- 19 vaccination and new-onset FM in COVID- 19 
survivors. Second, we restricted the COVID- 19 diagnosis 
to individuals who tested positive by RNA or antigen tests 
(using antigen testing as the index event) to avoid misclassi-
fication bias. Furthermore, the validity of COVID- 19 vacci-
nation and diagnosis within this dataset is well-established. 
We matched vaccinated and unvaccinated cohorts on vari-
ables such as age, race, socioeconomic factors, and comor-
bidities and performed subgroup and sensitivity analyses to 
verify the potential impact of other factors on the results.

This study has several limitations. First, it focused on 
cases of new-onset FM in a hospital setting following 
COVID- 19 recovery and potential biases, such as under-
diagnosis of FM due to variations in healthcare access 
across demographics. As a result, individuals who did not 
seek medical attention and were not diagnosed with new-
onset FM may have been excluded from the analysis. This 



Page 9 of 11Liu et al. BMC Medicine          (2025) 23:255  

selection bias could lead to a misestimation of the true 
effect between new-onset FM and COVID- 19 vaccina-
tion. Second, the use of electronic health record data may 
be susceptible to underdiagnosis, overdiagnosis, or mis-
diagnosis, misclassification bias and may not account for 
all potential confounding factors. Finally, the database 
lacked detailed information on autoimmune status, B-cell 
function, genetic predispositions, and post-COVID- 19 
and FM diagnoses, limiting our study of the biological 
mechanisms underlying the observed associations.

Conclusions
This cohort study suggests that the risk of new-onset 
FM may be lower in COVID- 19 survivors who are vac-
cinated, compared to those who are unvaccinated, par-
ticularly among males and individuals with anxiety or 
depression. These findings underscore the potential pro-
tective effect of COVID- 19 vaccination in reducing the 
risk of new-onset FM in COVID- 19 survivors. Future 
research should explore the mechanism of the effects of 
vaccination on new-onset FM following COVID- 19.
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