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Background: Iron deficiency anemia (IDA) represents the most prevalent nutritional deficiency globally, affecting approximately one-third of the world’s population. Despite its widespread occurrence, the association between IDA and venous thromboembolism (VTE) remains inadequately characterized. This study aimed to comprehensively evaluate the relationship between IDA and VTE risk using real-world clinical data.

Methods: We conducted a multi-institutional retrospective cohort study utilizing the TriNetX platform to analyze electronic health records from 2010 to 2023. The study included 180,484 propensity-matched pairs, comparing patients with confirmed IDA to controls with dermatitis/eczema. Matching incorporated demographic, clinical, and laboratory variables to minimize confounding. The primary outcome was 1-year VTE risk, with secondary outcomes including all-cause mortality, intensive care unit (ICU) admission, upper extremity thrombosis, and thrombocytosis development. A mechanistic analysis excluded patients developing thrombocytosis to assess potential mediating pathways.

Results: Patients with IDA demonstrated a 75% increased risk of VTE within 1 year compared to controls (hazard ratio [HR]: 1.75, 95% confidence interval [CI]: 1.58–1.94, p < 0.001). The association varied by VTE subtype, with pulmonary embolism showing a more pronounced relationship (HR 2.05, 95% CI: 1.76–2.38, p < 0.001) than deep vein thrombosis (HR 1.54, 95% CI: 1.35–1.75, p < 0.001). Risk was highest during the initial 3 months post-diagnosis (HR 2.09, 95% CI: 1.67–2.62, p < 0.001). When patients developing thrombocytosis were excluded, VTE risk was substantially attenuated (HR 1.19, 95% CI: 1.05–1.33, p = 0.004), suggesting reactive thrombocytosis mediates a significant portion of the excess risk. The thrombotic risk extended beyond traditional VTE sites, with upper extremity thrombosis occurring 2.5-fold more frequently (HR 2.50, 95% CI: 1.77–3.53, p < 0.001). IDA was also associated with increased mortality (HR 2.12, 95% CI: 1.93–2.32, p < 0.001) and ICU admission (HR 1.67, 95% CI: 1.52–1.83, p < 0.001).

Conclusion: This large-scale study establishes IDA as a significant modifiable risk factor for VTE, with peak risk occurring early after diagnosis. The findings support enhanced clinical vigilance and consideration of prophylactic strategies for IDA patients, particularly during initial months following diagnosis.
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1 Introduction

Venous thromboembolism (VTE), encompassing deep vein thrombosis (DVT) and pulmonary embolism (PE), represents a significant global health burden and is the third leading cause of cardiovascular death worldwide (1, 2). In Western populations, VTE and PE occur at estimated rates of approximately 0.87 to 1.82 and 0.45 to 0.95 per 1,000 person-years, respectively (3–6). In the United States alone, this corresponds to an annual burden of 300,000 to 600,000 VTE cases, with associated healthcare costs exceeding $7 billion annually (7). The pathophysiology of VTE involves the classical Virchow’s triad of endothelial injury, blood stasis, and hypercoagulability (8–10). Beyond its acute morbidity and mortality, VTE imposes substantial long-term complications, including post-thrombotic syndrome, chronic thromboembolic pulmonary hypertension, and increased risk of recurrence, contributing to reduced quality of life and increased healthcare costs (11–14).

Iron deficiency anemia (IDA) is the most prevalent nutritional deficiency globally, affecting approximately one-third of the world’s population (15, 16). Although traditionally viewed as a benign hematologic condition, emerging evidence suggests that IDA may contribute to thrombotic complications through several mechanisms. Iron deficiency can induce reactive thrombocytosis (17, 18), leading to a hypercoagulable state, and may cause decreased antioxidant defense, resulting in increased oxidant stress and platelet aggregation (19–21). In addition, increased red cell distribution width (RDW) associated with IDA can disturb laminar blood flow and increase blood viscosity, thereby promoting thrombotic risk (22, 23). However, the existing literature supporting the association between IDA and VTE predominantly consists of isolated case reports (24–27), which have been insufficient to establish definitive evidence. A population-based case–control study on 2,522 patients with VTE reported that individuals with prior IDA had a 43% higher odds of developing VTE than those without IDA (28). However, the study’s reliance on basic demographic matching may limit causal inference, and it did not address the temporal relationship between IDA and VTE or the potential mediating role of thrombocytosis (28).

We hypothesized that patients with IDA have an increased risk of developing VTE compared to matched controls, potentially mediated through reactive thrombocytosis. The primary aim of this multi-institutional retrospective cohort study was to evaluate the association between IDA and the risk of VTE using a large, real-world clinical database.



2 Methods


2.1 Data sources and ethical statement

We conducted a multi-institutional, retrospective, matched cohort study to evaluate the association between IDA and the risk of VTE, including DVT and PE. This retrospective cohort study was conducted using the TriNetX platform, a global health research network that compiles de-identified electronic health record data from participating healthcare institutions across several countries (29, 30). The database includes a wide range of real-world clinical information, such as patient demographics, diagnoses, procedures, medications, and laboratory values. The reliability and validity of the TriNetX research platform are supported by numerous published studies using its data for large-scale clinical investigations (31–34). The study protocol followed the ethical principles of the Declaration of Helsinki and was approved by the Institutional Review Board of Chi Mei Medical Center (IRB number: 11403-E01). As the study used anonymized data from an existing database, the need for informed consent was waived in accordance with the relevant ethical guidelines.



2.2 Inclusion criteria

The study population included adult patients (aged ≥18 years) with electronic health records from participating healthcare institutions between January 2010 and December 2023. Patients were eligible for inclusion in the IDA group if they had a first documented diagnosis of IDA (ICD-10 codes D50) during the study period (2010–2023). To improve diagnostic specificity and ensure chronicity, only patients with a second recorded diagnosis of IDA between 3 and 12 months after the initial diagnosis were included. The index date for the IDA group was defined as the date of the first IDA diagnosis. The control group included patients who had their first documented diagnosis of dermatitis or eczema (ICD-10 codes L20–L23) during the study period. The index date was defined as the date of the first qualifying dermatitis/eczema diagnosis. Dermatitis/eczema was selected as the control condition to ensure comparable healthcare utilization while minimizing confounding from conditions known to influence thrombotic risk.



2.3 Exclusion criteria

Patients in the IDA group were excluded if they had any other type of anemia (e.g., vitamin B12 deficiency, folate deficiency, hemolytic anemia, aplastic anemia, or anemia related to chronic kidney disease) recorded at any time from before the index date to the follow-up period. Similarly, patients in the control group were excluded if they were diagnosed with anemia within the same timeframe.

Both groups were excluded if they had a prior diagnosis of any venous thrombosis (ICD-10 code I82) or PE (ICD-10 code I26) before the start of follow-up. Additional exclusion criteria for both groups included a history of end-stage renal disease, splenectomy, immune thrombocytopenia, secondary thrombocytopenia, polycythemia vera, essential thrombocythemia, hemiplegia, hemiparesis, paraplegia, or quadriplegia, as well as the use of hormone replacement therapy or oral contraceptives documented at any time from before the index date through the follow-up period. Patients were also excluded if they had a documented pregnancy, lower extremity surgery, cerebral infarction, or intracerebral hemorrhage during the follow-up period. These exclusions were implemented to minimize confounding from the established VTE risk factors.



2.4 Outcomes and follow-up

The primary outcome was the development of VTE (i.e., DVT or PE). Secondary outcomes included risks of all-cause mortality, thrombosis of the upper extremity, intensive care unit (ICU) admission, and thrombocytosis (≥450,000/μL). The follow-up period was defined as 1–12 months following the index date. A 1-month washout period after the index date aimed to reduce the misclassification of pre-existing VTE events and to better reflect the incident risk attributable to IDA.



2.5 Data collection

The baseline demographic and clinical characteristics of all eligible patients were extracted from the TriNetX database. Demographic variables included age at the index date, sex, race/ethnicity, and body mass index (BMI). Clinical comorbidities were identified using the International Classification of Diseases, Tenth Revision (ICD-10) diagnostic codes and included essential hypertension, disorders of lipoprotein metabolism, overweight and obesity, diabetes mellitus, neoplasms, ischemic heart diseases, nicotine dependence, diseases of the liver, chronic kidney disease, heart failure, COVID-19, cerebrovascular diseases, systemic connective tissue disorders, rheumatoid arthritis, alcohol-related disorders, gout, varicose veins of the lower extremities, systemic lupus erythematosus, and malnutrition. The laboratory parameters collected included platelet count, hemoglobin A1c levels, serum albumin levels, and estimated glomerular filtration rate (eGFR). Medication use, including platelet aggregation inhibitors, anticoagulants, and iron preparations, was recorded.



2.6 Additional analysis (mechanism of VTE)

To assess whether IDA-induced thrombocytosis contributes to the development of VTE (17, 18), we conducted an additional mechanistic analysis. In this analysis, we excluded patients who developed thrombocytosis (platelet count ≥ 450 × 103/μL) during the follow-up period and re-examined whether IDA remained independently associated with VTE development. This approach aimed to isolate the direct thrombotic effects of IDA from those potentially mediated by reactive thrombocytosis. This analysis used the same statistical methodology as the primary analysis, including Cox proportional hazards regression, with the same follow-up periods and outcome definitions.



2.7 Subgroup analyses

Pre-specified subgroup analyses were performed to assess whether patient characteristics or other factors modified the association between IDA and VTE risk. Subgroups were defined by sex (male vs. female), age categories (>65 years vs. 18–65 years), diabetes mellitus status (present vs. absent), nicotine dependence (present vs. absent), BMI (≥30 and <30 kg/m2), and study period (2010–2019 vs. 2020–2023).



2.8 Statistical analysis

Continuous variables are presented as mean ± standard deviation, while categorical variables are expressed as frequencies and percentages. To address potential selection bias, 1:1 propensity score matching was performed using a caliper width of 0.1 standard deviations of the logit of the propensity score. The propensity score model included all baseline demographic characteristics, comorbidities, laboratory parameters, and medication use. Matching was conducted without replacement using a greedy nearest-neighbor algorithm. Baseline characteristics between the IDA and control groups were compared using standardized mean differences (SMD), with SMD values <0.1 indicating adequate balance between groups.

Time-to-event analyses were performed using Cox proportional hazards regression models to estimate hazard ratios (HR) and 95% confidence intervals (CI) for the association between IDA and study outcomes. The proportional hazard assumption was assessed using Schoenfeld residuals. To account for multiple comparisons, Bonferroni correction was applied. For all analyses, statistical significance was set at p < 0.01 (0.05/5 outcomes). All statistical analyses were performed using the built-in analytical tools of the TriNetX platform. Two-sided p-values have been reported throughout the manuscript.




3 Results


3.1 Patient selection and baseline characteristics

The initial cohort comprised 193,076 patients with IDA and 576,066 control patients with dermatitis or eczema. After propensity score matching, each group included 180,484 patients (Figure 1). The matched cohort demonstrated excellent balance across all baseline characteristics, with SMD consistently below 0.1 (Table 1). Patients in both groups had a mean age of approximately 49 years, with females comprising 75.8% of the IDA group and 77.5% of the control group. The most prevalent comorbidities included essential hypertension (21.8% vs. 22.3%), disorders of lipoprotein metabolism (17.8% vs. 18.3%), and overweight/obesity (11.9% vs. 12.0%) in the IDA and control groups, respectively. Notably, baseline thrombocytosis (platelet count >450 × 103/μL) was present in 2.7% of IDA patients compared to 2.1% of controls. Medication profiles, including the use of iron preparations (5.6% vs. 4.7%), were well balanced between the groups.

[image: Flowchart depicting the selection process for a study conducted by TriNetX (148 healthcare organizations). It starts with patients aged eighteen years or older diagnosed first with IDA (n = 774,203) and with dermatitis or eczema (n = 920,557) between 2010 and 2023. Exclusion criteria include histories of venous thrombosis, embolism, malignancy, various medical conditions, and surgeries. After exclusions, the IDA group (n = 193,076) and a control group (n = 576,066) undergo propensity score matching based on specific demographics and medical data, resulting in two groups of n = 180,484 each.]

FIGURE 1
 Patient selection from the TriNetx database. IDA, iron deficiency anemia.



TABLE 1 Baseline characteristics of patients before and after propensity score matching.


	Variables
	Before matching
	After matching



	IDA group (n = 193,076)
	Control group (n = 576,066)
	SMD†
	IDA group (n = 180,484)
	Control group (n = 180,484)
	SMD†

 

 	Patient characteristics


 	Age at index (years) 	48.6 ± 19.3 	43.6 ± 21.5 	0.243 	48.7 ± 19.3 	49.4 ± 19.7 	0.040


 	BMI (kg/m2) 	30.6 ± 8.7 	28.8 ± 7.5 	0.215 	30.4 ± 8.6 	29.9 ± 8.0 	0.066


 	Female (n, %) 	148,245 (76.8) 	337,612 (58.6) 	0.396 	136,809 (75.8) 	139,934 (77.5) 	0.041


 	White (n, %) 	101,091 (52.4) 	317,826 (55.2) 	0.056 	95,352 (52.8) 	95,791 (53.1) 	0.005


 	Unknown Race (n, %) 	37,846 (19.6) 	104,362 (18.1) 	0.038 	35,879 (19.9) 	35,792 (19.8) 	0.001


 	Black or African American (n, %) 	34,007 (17.6) 	76,399 (13.3) 	0.121 	30,159 (16.7) 	29,396 (16.3) 	0.011


 	Asian (n, %) 	10,235 (5.3) 	48,367 (8.4) 	0.123 	9,944 (5.5) 	10,276 (5.7) 	0.008


 	Other Race (n, %) 	7,561 (3.9) 	21,075 (3.7) 	0.013 	6,927 (3.8) 	6,887 (3.8) 	0.001


 	Comorbidities


 	Essential (primary) hypertension (n, %) 	43,131 (22.3) 	104,227 (18.1) 	0.106 	39,255 (21.8) 	40,223 (22.3) 	0.013


 	Disorders of lipoprotein metabolism and other lipidemias (n, %) 	34,577 (17.9) 	99,837 (17.3) 	0.015 	32,147 (17.8) 	33,021 (18.3) 	0.013


 	Overweight and obesity (n, %) 	24,694 (12.8) 	49,429 (8.6) 	0.137 	21,545 (11.9) 	21,678 (12.0) 	0.002


 	Diabetes mellitus (n, %) 	22,819 (11.8) 	44,779 (7.8) 	0.136 	20,321 (11.3) 	20,469 (11.3) 	0.003


 	Neoplasms (n, %) 	16,784 (8.7) 	57,316 (10.0) 	0.043 	15,659 (8.7) 	15,673 (8.7) 	<0.001


 	Ischemic heart diseases (n, %) 	10,094 (5.2) 	19,112 (3.3) 	0.095 	8,976 (5.0) 	8,775 (4.9) 	0.005


 	Nicotine dependence (n, %) 	7,524 (3.9) 	24,474 (4.2) 	0.018 	6,928 (3.8) 	7,100 (3.9) 	0.005


 	Diseases of liver (n, %) 	6,091 (3.2) 	14,184 (2.5) 	0.042 	5,548 (3.1) 	5,462 (3.0) 	0.003


 	Chronic kidney disease (CKD) (n, %) 	6,416 (3.3) 	9,338 (1.6) 	0.110 	5,502 (3.0) 	5,153 (2.9) 	0.011


 	Heart failure (n, %) 	5,246 (2.7) 	6,358 (1.1) 	0.118 	4,312 (2.4) 	3,963 (2.2) 	0.013


 	COVID-19 (n, %) 	4,121 (2.1) 	8,791 (1.5) 	0.045 	3,658 (2.0) 	3,638 (2.0) 	0.001


 	Cerebrovascular diseases (n, %) 	3,604 (1.9) 	8,128 (1.4) 	0.036 	3,258 (1.8) 	3,112 (1.7) 	0.006


 	Systemic connective tissue disorders (n, %) 	3,544 (1.8) 	8,007 (1.4) 	0.035 	3,227 (1.8) 	3,338 (1.8) 	0.005


 	Other rheumatoid arthritis (n, %) 	2,460 (1.3) 	5,326 (0.9) 	0.034 	2,221 (1.2) 	2,299 (1.3) 	0.004


 	Alcohol related disorders (n, %) 	1975 (1.0) 	6,147 (1.1) 	0.004 	1807 (1.0) 	1838 (1.0) 	0.002


 	Gout (n, %) 	1851 (1.0) 	6,475 (1.1) 	0.016 	1730 (1.0) 	1,693 (0.9) 	0.002


 	Varicose veins of lower extremities (n, %) 	1,507 (0.8) 	5,217 (0.9) 	0.014 	1,424 (0.8) 	1,499 (0.8) 	0.005


 	Long term use of steroids (n, %) 	1,534 (0.8) 	3,137 (0.5) 	0.031 	1,308 (0.7) 	1,321 (0.7) 	0.001


 	Systemic lupus erythematosus (n, %) 	1,174 (0.6) 	2,320 (0.4) 	0.029 	1,064 (0.6) 	1,098 (0.6) 	0.002


 	Malnutrition (n, %) 	997 (0.5) 	907 (0.2) 	0.062 	714 (0.4) 	635 (0.4) 	0.007


 	Laboratory data


 	HbA1c ≥ 7% (n, %) 	10,482 (5.4) 	21,257 (3.7) 	0.083 	9,235 (5.1) 	9,065 (5.0) 	0.004


 	Albumin g/dL (≥3.5 g/dL) (n, %) 	71,907 (37.2) 	156,744 (27.2) 	0.216 	63,865 (35.4) 	65,303 (36.2) 	0.017


 	eGFR>60 mL/min/1.73 m2 (n, %) 	75,362 (39.0) 	171,952 (29.8) 	0.194 	67,192 (37.2) 	69,261 (38.4) 	0.024


 	Platelet > 450 × 103/μL (n, %) 	8,960 (4.6) 	4,152 (0.7) 	0.244 	4,853 (2.7) 	3,828 (2.1) 	0.037


 	Platelet 100–450 × 103/μL (n, %) 	88,141 (45.7) 	178,983 (31.1) 	0.303 	78,490 (43.5) 	81,085 (44.9) 	0.029


 	Platelet< 100 × 103/μL (n, %) 	1,411 (0.7) 	2084 (0.4) 	0.050 	1,194 (0.7) 	1,155 (0.6) 	0.003


 	Medications


 	Platelet aggregation inhibitors (n, %) 	13,585 (7.0) 	29,478 (5.1) 	0.080 	11,793 (6.5) 	11,533 (6.4) 	0.006


 	Anticoagulants (n, %) 	13,476 (7.0) 	20,703 (3.6) 	0.152 	10,999 (6.1) 	10,546 (5.8) 	0.011


 	Iron preparations (n, %) 	19,314 (10.0) 	8,749 (1.5) 	0.370 	10,073 (5.6) 	8,400 (4.7) 	0.042





IDA, iron deficiency anemia; BMI, body mass index; SMD, standardized mean differences; †SMD values <0.1 indicate adequate balance between groups; eGFR, estimated Glomerular Filtration Rate.
 



3.2 Outcomes


3.2.1 Risk of VTE at 1-year follow-up

During the 1-year follow-up, patients with IDA demonstrated a substantially higher risk of VTE than controls (HR 1.75, 95% CI: 1.58–1.94, p < 0.001; Table 2). This elevated risk manifested differently across VTE subtypes: DVT increased by 54% (HR 1.54, 95% CI: 1.35–1.75, p < 0.001), while PE showed an even more pronounced association (HR 2.05, 95% CI: 1.76–2.38, p < 0.001).


TABLE 2 Association between iron deficiency anemia and 12-month outcomes.


	Outcomes
	IDA group (n = 180,484)
	Control group (n = 180,484)
	HR (95% CI)
	Log-rank test: p-value*



	Events (%)
	Events (%)

 

 	VTE† 	1,002 (0.56) 	575 (0.32) 	1.75 (1.58–1.94) 	< 0.001


 	DVT 	578 (0.32) 	378 (0.21) 	1.54 (1.35–1.75) 	< 0.001


 	Pulmonary embolism 	511 (0.28) 	251 (0.14) 	2.05 (1.76–2.38) 	< 0.001


 	Thrombosis of upper extremity 	112 (0.06) 	45 (0.03) 	2.5 (1.77–3.53) 	< 0.001


 	Mortality 	1,367 (0.76) 	651 (0.36) 	2.12 (1.93–2.32) 	< 0.001


 	ICU admission 	1,166 (0.65) 	704 (0.39) 	1.67 (1.52–1.83) 	< 0.001


 	Thrombocytosis (Platelet > 450 × 103/μL) 	6,828 (3.78) 	1911 (1.06) 	3.64 (3.46–3.83) 	< 0.001





IDA, Iron deficiency anemia; VTE, venous thromboembolism; †VTE included acute deep vein thrombosis and pulmonary embolism; DVT, deep vein thrombosis; ICU, intensive care unit; HR, hazard ratio; CI, confidence interval. *p < 0.0125 was considered significance following Bonferroni correction.
 

The thrombotic risk extended beyond VTE, with upper extremity thrombosis occurring 2.5-fold more frequently in IDA patients (HR 2.50, 95% CI: 1.77–3.53, p < 0.001). Additionally, patients faced a nearly fourfold increased risk of developing thrombocytosis (HR 3.64, 95% CI: 3.46–3.83, p < 0.001). These vascular complications translate into severe clinical consequences. All-cause mortality increased significantly in the IDA group (HR 2.12, 95% CI: 1.93–2.32, p < 0.001), accompanied by increased ICU admissions (HR 1.67, 95% CI: 1.52–1.83, p < 0.001).



3.2.2 Risk of VTE at 3-month follow-up

Short-term analysis revealed a stronger association between IDA (IDA) and the risk of VTE during the initial 3 months of follow-up (Table 3). Patients with IDA exhibited more than twice the risk of developing VTE compared to controls (HR 2.09, 95% CI: 1.67–2.62, p < 0.001), representing a notably higher risk magnitude than the 1-year analysis (HR 1.75). This elevated risk was consistent across VTE subtypes: DVT (HR 2.04, 95% CI: 1.54–2.71, p < 0.001) and PE (HR 2.08, 95% CI: 1.49–2.89, p < 0.001) both showed significant increases in the IDA group. Notably, while DVT risk remained substantially elevated compared to the 1-year estimate (HR 1.54), PE risk was comparable between the short-term and long-term follow-up periods.


TABLE 3 Association between iron deficiency anemia and 3-month outcomes.


	Outcomes
	IDA group (n = 180,484)
	Control group (n = 180,484)
	HR (95% CI)
	Log-rank test: p-value*



	Events (%)
	Events (%)

 

 	VTE† 	234 (0.13) 	112 (0.06) 	2.09 (1.67–2.62) 	< 0.001


 	DVT 	145 (0.08) 	71 (0.04) 	2.04 (1.54–2.71) 	< 0.001


 	Pulmonary embolism 	108 (0.06) 	52 (0.03) 	2.08 (1.49–2.89) 	< 0.001


 	Thrombosis of upper extremity 	25 (0.014) 	10 (0.006) 	3.13 (1.41–6.93) 	0.003


 	Mortality 	39 (0.02) 	13 (0.01) 	3.00 (1.60–5.62) 	< 0.001


 	ICU admission 	191 (0.11) 	131 (0.07) 	1.46 (1.17–1.82) 	< 0.001


 	Thrombocytosis (Platelet > 450 × 103/μL) 	1967 (1.09) 	481 (0.27) 	4.11 (3.72–4.54) 	< 0.001





IDA, Iron deficiency anemia; VTE, venous thromboembolism; †VTE included acute deep vein thrombosis and pulmonary embolism; DVT, deep vein thrombosis; ICU, intensive care unit; HR, hazard ratio; CI, confidence interval. *p < 0.01 was considered significance following Bonferroni correction.
 

The most pronounced disparity was observed in the risks of upper extremity thrombosis (HR 3.13, 95% CI: 1.41–6.93, p = 0.003) and early mortality (HR 3.00, 95% CI: 1.60–5.62, p < 0.001), with a threefold higher risk among IDA patients compared to controls. Similarly, the onset of thrombocytosis was markedly accelerated within the same period, with IDA patients demonstrating a fourfold increased risk (HR 4.11, 95% CI: 3.72–4.54, p < 0.001) that surpassed the 1-year thrombocytosis risk (HR 3.64). These findings suggest that the period of highest risk for adverse outcomes occurs within the initial months after IDA diagnosis.




3.3 Analysis after excluding patients with thrombocytosis

To assess whether reactive thrombocytosis mediates the increased risk of VTE associated with IDA, we performed an additional analysis excluding patients who developed thrombocytosis during follow-up (Table 4). The analysis included 110,342 patients in each group. Although the association between IDA and VTE remained statistically significant, it was notably attenuated (HR 1.19, 95% CI: 1.05–1.33, p = 0.004). When VTE components were evaluated separately, the association with DVT was no longer significant (HR 1.06, 95% CI: 0.92–1.23, p = 0.404), whereas PE retained a modest but statistically significant association (HR 1.28, 95% CI: 1.08–1.53, p = 0.005). These findings suggest that thrombocytosis may play a more prominent role in the development of DVT than PE in patients with IDA.


TABLE 4 Association between iron deficiency anemia and 1-year outcomes after excluding patients with thrombocytosis during the follow-up.


	Outcomes
	IDA group (n = 110,342)
	Control group (n = 110,342)
	HR (95% CI)
	Log-rank test: p-value*



	Events (%)
	Events (%)

 

 	VTE† 	607 (0.55) 	517 (0.47) 	1.19 (1.05–1.33) 	0.004


 	DVT 	373 (0.34) 	354 (0.32) 	1.06 (0.92–1.23) 	0.404


 	Pulmonary embolism 	281 (0.26) 	221 (0.20) 	1.28 (1.08–1.53) 	0.005


 	Thrombosis of upper extremity 	71 (0.06) 	50 (0.05) 	1.43 (0.99–2.06) 	0.050


 	Mortality 	609 (0.55) 	320 (0.29) 	1.93 (1.69–2.21) 	< 0.001


 	ICU admission 	841 (0.76) 	779 (0.71) 	1.09 (1.17–1.82) 	0.080


 	Thrombocytosis (Platelet > 450 × 103/μL) 	- 	- 	- 	-





IDA, Iron deficiency anemia; VTE, venous thromboembolism; †VTE included acute deep vein thrombosis and pulmonary embolism; DVT, deep vein thrombosis; ICU, intensive care unit; HR, hazard ratio; CI, confidence interval. *p < 0.01 was considered significance following Bonferroni correction.
 

Importantly, the association between IDA and all-cause mortality persisted even after excluding patients with thrombocytosis (HR 1.93, 95% CI: 1.69–2.21, p < 0.001), while the risk of ICU admission was reduced and no longer statistically significant after Bonferroni correction (HR 1.09, 95% CI: 1.17–1.82, p = 0.080). These results imply that the elevated 12-month mortality risk in IDA is likely independent of thrombocytosis or VTE, whereas ICU admission may be partially driven by thrombotic complications.



3.4 Subgroup analyses

Subgroup analyses showed a consistent increase in VTE risk associated with IDA across all patient characteristics (Table 5). The association remained significant in both males (HR 1.67, 95% CI: 1.37–2.04) and females (HR 1.88, 95% CI: 1.66–2.14), with no interaction by sex (p = 0.318). Risk elevation was observed in both age groups, with a slightly stronger effect observed in the younger patients. In addition, BMI, nicotine dependence, and diabetes did not modify this association. The association between IDA and risk of VTE was also consistent across study periods, with similar risks for 2010–2019 (HR 1.80) and 2020–2023 (HR 1.68). No significant interactions were detected, indicating that the VTE risk linked to IDA is robust across subgroups.


TABLE 5 Subgroup analysis of association between iron deficiency anemia and risk of VTE at 1-year follow-up.


	Subgroup analysis
	Total number
	HR (95% CI)
	p-value*
	P for interaction

 

 	Sex


 	Male 	70,398 	1.67 (1.37–2.04) 	<0.001 	reference


 	Female 	273,700 	1.88 (1.66–2.14) 	<0.001 	0.318


 	Age


 	18–60 years 	215,786 	1.97 (1.67–2.32) 	<0.001 	reference


 	>60 years 	136,694 	1.60 (1.40–1.83) 	<0.001 	0.063


 	Body mass index


 	<30 kg/m2 	292,690 	1.90 (1.69–2.15) 	<0.001 	reference


 	≥30 kg/m2 	67,602 	1.61 (1.32–1.98) 	<0.001 	0.158


 	Nicotine dependence


 	Yes 	10,768 	1.94 (1.21–3.12) 	0.005 	reference


 	No 	349,896 	1.72 (1.55–1.91) 	<0.001 	0.657


 	Diabetes Mellitus


 	Yes 	37,500 	1.47 (1.15–1.89) 	0.002 	reference


 	No 	322,758 	1.90 (1.69–2.13) 	<0.001 	0.05


 	Study year


 	2010–2019 	199,840 	1.80 (1.57–2.05) 	<0.001 	reference


 	2020–2023 	249,076 	1.68 (1.48–1.91) 	<0.001 	0.465





HR, hazard ratio; CI, confidence interval; *p < 0.01 was considered significance following Bonferroni correction.
 




4 Discussion

Our analysis of 180,484 propensity-matched pairs demonstrated that patients with IDA face a 75% higher risk of developing VTE within 1 year compared to controls. The association was particularly pronounced for PE, which showed a more than two-fold increased risk, while DVT exhibited a modest but still significant 54% increase in risk. The thrombotic risk was most pronounced during the initial 3 months following IDA diagnosis, with patients experiencing more than double the risk of VTE during this critical early period. Importantly, when patients who developed thrombocytosis were excluded from the analysis, the VTE association was substantially attenuated (HR 1.19), suggesting that reactive thrombocytosis mediates a significant portion of the IDA-associated thrombotic risk. Additionally, IDA is associated with substantially increased risks of all-cause mortality, ICU admission, and the development of reactive thrombocytosis, highlighting the broader clinical implications of this nutritional deficiency beyond its hematologic manifestations.

Despite the clinical importance of understanding the relationship between iron-deficiency anemia and thrombosis, the evidence base remains inadequate. Hung et al. conducted a population-based case–control study (28) that identified a 43% increase in VTE odds among patients with prior IDA. However, this investigation was fundamentally limited by rudimentary demographic matching procedures that failed to account for critical confounding variables. Perhaps more significantly, the study design could not establish a crucial temporal sequence between IDA onset and subsequent thrombotic events nor did it explore the potential mechanistic role of reactive thrombocytosis in mediating this relationship. Another large-scale study by Song et al. (35) demonstrated important findings—including a 32.6% rate of thrombocytosis in IDA patients and a 2-fold increased thrombotic risk in those with thrombocytosis compared to IDA patients without thrombocytosis—it had several important limitations. The study was limited to a single healthcare system, potentially affecting generalizability (35). More importantly, the study design did not directly compare patients with IDA to healthy controls without iron deficiency, making it impossible to quantify the absolute thrombotic risk attributable to IDA itself. Additionally, the lack of systematic propensity matching may have artificially elevated the overall thrombotic rates and limited the ability to control for important confounding variables.

Our study enhances the current understanding of the relationship between IDA and VTE by employing a prospective analytic framework with confounder adjustment. While previous retrospective studies, such as the Taiwanese case–control analysis (28), suggested a potential association, our findings quantify this risk using time-to-event analysis, offering greater clinical applicability. The observed elevated VTE risk highlights the importance of recognizing IDA as a potentially modifiable risk factor in thrombotic disease prevention and underscores the value of precise risk estimation for guiding individualized patient management. The novelty of our study lies in several key methodological advances over previous studies (28, 35). First, we employed rigorous propensity score matching across a comprehensive set of demographic, clinical, and laboratory variables to ensure balanced comparison groups and minimize selection bias. Second, we established clear temporal relationships by implementing a one-month washout period and following patients prospectively for VTE development. Third, our analysis included detailed laboratory parameters and medication exposures that were absent from previous studies (28, 35). Most importantly, we conducted mechanistic analyses to evaluate the role of reactive thrombocytosis in mediating the IDA-VTE relationship, thereby providing novel insights into the pathophysiological pathways underlying this association.

Our study revealed intriguing differences in how IDA affects the risk of specific VTE subtypes, with important implications for understanding the underlying pathophysiology. The more pronounced association with PE compared to DVT suggests that IDA may differentially impact arterial versus venous thrombotic mechanisms. This finding contrasts with the Taiwanese study (28), which reported significant associations with DVT but not with PE, highlighting the importance of adequate sample sizes and rigorous methodology in detecting these associations. Temporal analysis provides additional insights into risk patterns over time. During the short-term follow-up period of one–three months, the risk elevation for both DVT and PE was remarkably similar and pronounced, suggesting that the acute phase following IDA diagnosis represents a period of particularly heightened thrombotic risk. However, over the extended 12-month follow-up period, the DVT risk showed relative attenuation, while the PE risk remained substantially elevated. This temporal divergence may reflect different pathophysiological mechanisms, with reactive thrombocytosis potentially playing a more prominent role in DVT development during the acute phase, while other IDA-related factors, such as hypoxia-induced endothelial changes or altered blood rheology, may have more sustained effects on pulmonary circulation. These differential risk patterns also suggest potential clinical implications for monitoring and prophylaxis strategies. The particularly elevated risk during the initial months following IDA diagnosis argues for heightened clinical vigilance during this period, whereas the sustained elevation in PE risk throughout the follow-up period suggests that the prothrombotic effects of IDA may persist even as the acute phase resolves.

Our mechanistic analysis, which excluded patients who developed thrombocytosis during follow-up, provides insights into the relative contributions of thrombocytosis-dependent and thrombocytosis-independent pathways. The substantial attenuation of the overall VTE association after excluding patients with thrombocytosis, with the hazard ratio decreasing from 1.75 to 1.19, suggests that reactive thrombocytosis mediates approximately one-third of the excess VTE risk associated with IDA. More strikingly, the DVT risk became non-significant after excluding thrombocytic patients, while the PE risk remained elevated, suggesting fundamental differences in the pathophysiological mechanisms underlying these two manifestations of VTE. The differential effects on DVT versus PE suggest that while reactive thrombocytosis may be the primary driver of venous thrombosis in the peripheral circulation, PE may result from additional mechanisms such as altered pulmonary vascular reactivity, endothelial dysfunction, or changes in blood rheology that persist independent of platelet count elevation. This mechanistic understanding has important clinical implications, suggesting that monitoring platelet counts in IDA patients may help identify those at the highest risk for DVT, while all IDA patients may remain at elevated risk for PE regardless of platelet count. Furthermore, these insights may inform future research into targeted prevention strategies, with antiplatelet therapy potentially being more effective for DVT prevention, while anticoagulation may be necessary for comprehensive VTE prophylaxis in high-risk IDA patients.

Beyond reactive thrombocytosis, several additional mechanisms may contribute to the prothrombotic risk associated with iron deficiency anemia. Hypoxia-induced endothelial dysfunction can impair vascular integrity and promote thrombogenesis (36, 37). Elevated red cell distribution width (RDW) and increased blood viscosity, both recognized sequelae of iron deficiency, are also associated with disturbed blood flow and a heightened risk of VTE (21–23). Furthermore, iron deficiency is linked to increased oxidative stress and low-grade inflammation, which can lead to platelet hyperactivation and further enhance the prothrombotic milieu (19, 21). Consideration of these diverse thrombocytosis-independent pathways offers a more comprehensive understanding of the multifactorial relationship between IDA and VTE risk.

In the current study, this elevated risk of mortality persisted even after excluding patients who developed thrombocytosis, indicating that the increased death risk is largely independent of reactive thrombocytosis and VTE development. This finding suggests that IDA serves as a marker of overall physiological vulnerability rather than simply predisposing to specific thrombotic complications. The increased ICU admission rate in patients with IDA provides further evidence of the broader clinical impact of this condition. The attenuation of ICU admission risk after excluding patients with thrombocytosis suggests that a substantial portion of the acute care needs in IDA patients may be related to thrombotic complications. This finding has important implications for healthcare resources and supports the potential value of early identification and management of reactive thrombocytosis in patients with IDA to prevent severe complications requiring intensive care. The results support aggressive investigation of the underlying causes of IDA and consideration of more intensive monitoring strategies for patients with severe or persistent iron deficiency.

The selection of patients with dermatitis or eczema as the control group was based on the need to ensure comparable healthcare utilization patterns and to minimize confounding from conditions directly related to thrombotic risk. Dermatologic diseases such as dermatitis or eczema are common, typically benign, and not independently associated with increased risk of VTE, making them a pragmatic comparator for this real-world analysis. However, we acknowledge that the use of this control group may introduce residual confounding, as unmeasured factors unique to patients with dermatitis or eczema (e.g., chronic inflammation or medication exposure) could influence VTE risk. Additionally, certain demographic or behavioral characteristics may differ between groups despite propensity score matching. Future studies should consider sensitivity analyses using alternative control groups, such as matched healthy individuals or patients with other non-thrombotic chronic conditions, to further validate the observed associations and assess the robustness of these findings. This approach would help clarify the extent to which the observed associations are attributable to IDA itself rather than potential characteristics of the comparator group.

In our analysis, the incidence of upper extremity thrombosis ranged from 0.03 to 0.06%, which closely aligns with previously reported estimates in the general population. For example, Oymak et al. (38) documented a prevalence of 0.04% among adults in a large hospital-based cohort, with most cases linked to malignancy, chronic illness, or catheter placement. These findings suggest that the frequency of upper extremity thrombosis observed in our study is consistent with expected background rates rather than an overestimation. Importantly, while upper extremity thrombosis is typically associated with local precipitating factors such as venous catheters or mechanical compression, our data indicate that patients with IDA may also be susceptible to thrombotic complications beyond the lower extremities. This observation reinforces the need for vigilance in clinical monitoring, although secondary risk factors likely remain central to UET pathogenesis.

Several important limitations must be acknowledged when interpreting our findings. First, as a retrospective observational study using electronic health record data, we could not establish definitive causal relationships between IDA and VTE despite the temporal sequencing and matching procedures employed. Second, our reliance on ICD-10 diagnostic codes for both exposure and outcome ascertainment introduces the potential for misclassification bias. However, we implemented several strategies to minimize this limitation, including requiring two separate IDA diagnoses separated by 3–12 months to ensure diagnostic accuracy and chronicity, and excluding patients with other forms of anemia that might be misclassified as IDA. Third, because IDA in this study was identified using ICD-10 diagnosis codes, we did not have access to laboratory values such as hemoglobin levels at the time of IDA diagnosis. This limitation prevents us from examining dose–response relationships or identifying particularly high-risk subgroups based on the severity of hemoglobin or iron deficiency. Additionally, we could not assess adherence to iron supplementation or response to treatment, which might modify the thrombotic risk over time. Data on iron preparation use were limited, as only approximately 5% of patients with IDA received iron treatment in our cohort. Consequently, we were unable to conduct meaningful sensitivity analyses comparing VTE risk between treated and untreated patients, and further research is needed to clarify the potential impact of iron therapy. Fourth, our follow-up period of 12 months, while adequate for assessing acute and subacute thrombotic risk, may not capture the long-term effects of IDA on thrombotic risk. Finally, our study’s findings are based on data predominantly from North American populations within the TriNetX network, which may limit generalizability to other regions with different demographic, genetic, or healthcare characteristics. Therefore, validation of these associations in more diverse international cohorts is warranted to confirm the broader applicability of our results.



5 Conclusion

This large-scale, multi-institutional matched cohort study provides robust evidence that IDA significantly increases the risk of VTE, with the highest risk occurring during the initial months following diagnosis. Our findings reveal important mechanistic insights, demonstrating that reactive thrombocytosis mediates a substantial portion of the excess DVT risk, while PE risk appears to operate through additional thrombocytosis-independent pathways. This study also highlights the broader clinical impact of IDA, with substantially increased risks of mortality and ICU admission that extend beyond thrombotic complications. Future research should focus on validating these findings in prospective cohorts, investigating optimal prevention strategies for high-risk patients, and elucidating the molecular mechanisms underlying the IDA-VTE relationship. Given the high global prevalence of IDA and the serious nature of venous thromboembolism, these findings represent an important advance in our understanding of preventable thrombotic risk factors, with significant potential for improving patient outcomes through enhanced recognition and management of this common nutritional deficiency.



Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



Ethics statement

The studies involving humans were approved by Institutional Review Board of Chi Mei Medical Center. The studies were conducted in accordance with the local legislation and institutional requirements. The ethics committee/institutional review board waived the requirement of written informed consent for participation from the participants or the participants’ legal guardians/next of kin because informed consent was not required for this retrospective study, as it involved secondary analysis of pre-existing data without any interventions or direct participant interaction.



Author contributions

K-CH: Software, Investigation, Writing – original draft, Writing – review & editing, Visualization, Data curation, Methodology, Conceptualization. H-LW: Methodology, Validation, Investigation, Writing – original draft, Writing – review & editing. C-WH: Writing – original draft, Methodology, Conceptualization, Data curation, Writing – review & editing. Y-CL: Writing – original draft, Data curation, Formal analysis, Resources, Conceptualization, Writing – review & editing. I-WC: Writing – original draft, Software, Methodology, Conceptualization, Project administration, Writing – review & editing, Investigation.



Funding

The author(s) declare that no financial support was received for the research and/or publication of this article.



Conflict of interest

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



Generative AI statement

The author(s) declare that no Gen AI was used in the creation of this manuscript.

Any alternative text (alt text) provided alongside figures in this article has been generated by Frontiers with the support of artificial intelligence and reasonable efforts have been made to ensure accuracy, including review by the authors wherever possible. If you identify any issues, please contact us.



Publisher’s note

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



References
	 1. Oleksiuk-Bójko,M, and Lisowska,A. Venous thromboembolism: why is it still a significant health problem? Adv Med Sci. (2023) 68:10–20. doi: 10.1016/j.advms.2022.10.002 
	 2. Wendelboe,AM, and Raskob,GE. Global burden of thrombosis: epidemiologic aspects. Circ Res. (2016) 118:1340–7. doi: 10.1161/CIRCRESAHA.115.306841 
	 3. Siegal,DM, Eikelboom,JW, Lee,SF, Rangarajan,S, Bosch,J, Zhu,J , et al. Variations in incidence of venous thromboembolism in low-, middle-, and high-income countries. Cardiovasc Res. (2021) 117:576–84. doi: 10.1093/cvr/cvaa044 
	 4. Cushman,M, Tsai,AW, White,RH, Heckbert,SR, Rosamond,WD, Enright,P , et al. Deep vein thrombosis and pulmonary embolism in two cohorts: the longitudinal investigation of thromboembolism etiology. Am J Med. (2004) 117:19–25. doi: 10.1016/j.amjmed.2004.01.018 
	 5. Naess,IA, Christiansen,SC, Romundstad,P, Cannegieter,SC, Rosendaal,FR, and Hammerstrøm,J. Incidence and mortality of venous thrombosis: a population-based study. J Thromb Haemost. (2007) 5:692–9. doi: 10.1111/j.1538-7836.2007.02450.x 
	 6. Tagalakis,V, Patenaude,V, Kahn,SR, and Suissa,S. Incidence of and mortality from venous thromboembolism in a real-world population: the Q-VTE study cohort. Am J Med. (2013) 126:e13–21.
	 7. Grosse,SD, Nelson,RE, Nyarko,KA, Richardson,LC, and Raskob,GE. The economic burden of incident venous thromboembolism in the United States: a review of estimated attributable healthcare costs. Thromb Res. (2016) 137:3–10. doi: 10.1016/j.thromres.2015.11.033 
	 8. Nielsen,HK. Pathophysiology of venous thromboembolism. Semin Thromb Hemost. (1991) 17:250–3.
	 9. Wolberg,AS, Aleman,MM, Leiderman,K, and Machlus,KR. Procoagulant activity in hemostasis and thrombosis: Virchow's triad revisited. Anesth Analg. (2012) 114:275–85. doi: 10.1213/ANE.0b013e31823a088c 
	 10. Navarrete,S, Solar,C, Tapia,R, Pereira,J, Fuentes,E, and Palomo,I. Pathophysiology of deep vein thrombosis. Clin Exp Med. (2023) 23:645–54. doi: 10.1007/s10238-022-00829-w 
	 11. Galanaud,JP, Monreal,M, and Kahn,SR. Epidemiology of the post-thrombotic syndrome. Thromb Res. (2018) 164:100–9. doi: 10.1016/j.thromres.2017.07.026 
	 12. Ende-Verhaar,YM, Cannegieter,SC, Vonk Noordegraaf,A, Delcroix,M, Pruszczyk,P, Mairuhu,AT , et al. Incidence of chronic thromboembolic pulmonary hypertension after acute pulmonary embolism: a contemporary view of the published literature. Eur Respir J. (2017) 49:1601792. doi: 10.1183/13993003.01792-2016 
	 13. Lutsey,PL, Windham,BG, Misialek,JR, Cushman,M, Kucharska-Newton,A, Basu,S , et al. Long-term Association of Venous Thromboembolism with Frailty, physical functioning, and quality of life: the atherosclerosis risk in communities study. J Am Heart Assoc. (2020) 9:e015656. doi: 10.1161/JAHA.119.015656 
	 14. Monreal,M, Agnelli,G, Chuang,LH, Cohen,AT, Gumbs,PD, Bauersachs,R , et al. Deep vein thrombosis in Europe-health-related quality of life and mortality. Clin Appl Thromb Hemost. (2019) 25:1076029619883946. doi: 10.1177/1076029619883946 
	 15. Cappellini,MD, Musallam,KM, and Taher,AT. Iron deficiency anaemia revisited. J Intern Med. (2020) 287:153–70. doi: 10.1111/joim.13004 
	 16. Kassebaum,NJ, Jasrasaria,R, Naghavi,M, Wulf,SK, Johns,N, Lozano,R , et al. A systematic analysis of global anemia burden from 1990 to 2010. Blood. (2014) 123:615–24. doi: 10.1182/blood-2013-06-508325 
	 17. Mhadgut,H, Galadima,H, and Tahhan,HR. Thrombocytosis in iron deficiency anemia. Blood. (2018) 132:4985–5. doi: 10.1182/blood-2018-99-119352
	 18. Li,X, Li,N, Zhao,G, and Wang,X. Effect of iron supplementation on platelet count in adult patients with iron deficiency anemia. Platelets. (2022) 33:1214–9. doi: 10.1080/09537104.2022.2091772 
	 19. Coghetto Baccin,A, Lauerman Lazzaretti,L, Duarte Martins Brandao,V, Manfredini,V, Peralba,MCR, and Silveira Benfato,M. Oxidative stress in older patients with iron deficiency anaemia. J Nutr Health Aging. (2009) 13:666–70. doi: 10.1007/s12603-009-0195-6 
	 20. Jimenez,K, Leitner,F, Leitner,A, Scharbert,G, Schwabl,P, Kramer,AM , et al. Iron deficiency-induced thrombocytosis increases thrombotic tendency in rats. Haematologica. (2021) 106:782–94. doi: 10.3324/haematol.2019.245092 
	 21. Bettiol,A, Galora,S, Argento,FR, Fini,E, Emmi,G, Mattioli,I , et al. Erythrocyte oxidative stress and thrombosis. Expert Rev Mol Med. (2022) 24:e31. doi: 10.1017/erm.2022.25 
	 22. Bucciarelli,P, Maino,A, Felicetta,I, Abbattista,M, Passamonti,SM, Artoni,A , et al. Association between red cell distribution width and risk of venous thromboembolism. Thromb Res. (2015) 136:590–4. doi: 10.1016/j.thromres.2015.07.020 
	 23. Xiong,X, Li,T, Yu,S, and Cheng,B. Association between red blood cell indices and preoperative deep vein thrombosis in patients undergoing Total joint arthroplasty: a retrospective study. Clin Appl Thromb Hemost. (2022) 28:10760296221149029. doi: 10.1177/10760296221149029 
	 24. Keung,YK, and Owen,J. Iron deficiency and thrombosis: literature review. Clin Appl Thromb Hemost. (2004) 10:387–91. doi: 10.1177/107602960401000412 
	 25. Ezeh,E, Katabi,A, and Khawaja,I. Iron deficiency Anemia as a rare risk factor for recurrent pulmonary embolism and deep vein thrombosis. Cureus. (2021) 13:e13721
	 26. Yadav,K, Yadav,V, Margekar,SL, Bansal,P, Aggarwal,R, Gupta,A , et al. Iron deficiency Anemia as a potential risk factor for unprovoked DVT in young patients: a case series. J Assoc Physicians India. (2023) 71:11–2. doi: 10.5005/japi-11001-0169 
	 27. Yogeeta,F, Devi,M, Rauf,SA, Tooba,F, Sumar,KA, and Haque,MA. Pulmonary embolism: highlighting Iron deficiency Anemia as a contributing factor in the development of pulmonary embolism-a case report. Clin Case Reports. (2025) 13:e70158. doi: 10.1002/ccr3.70158 
	 28. Hung,SH, Lin,HC, and Chung,SD. Association between venous thromboembolism and iron-deficiency anemia: a population-based study. Blood Coagul Fibrinolysis. (2015) 26:368–72. doi: 10.1097/MBC.0000000000000249 
	 29. Ludwig,RJ, Anson,M, Zirpel,H, Thaci,D, Olbrich,H, Bieber,K , et al. A comprehensive review of methodologies and application to use the real-world data and analytics platform TriNetX. Front Pharmacol. (2025) 16:1516126. doi: 10.3389/fphar.2025.1516126 
	 30. Chen,I-W, Chang,L-C, Ho,C-N, Wu,J-Y, Tsai,Y-W, Lin,C-M , et al. Association between COVID-19 and the development of chronic kidney disease in patients without initial acute kidney injury. Sci Rep. (2025) 15:1–11.
	 31. Chen,IW, Chang,LC, Wu,JY, Lai,YC, Chang,YJ, Cheng,WJ , et al. Association between preoperative COVID-19 infection and postoperative outcomes in patients with obstructive sleep apnea undergoing metabolic surgery: a retrospective analysis. Obes Surg. (2025) 35:2218–26. doi: 10.1007/s11695-025-07900-x 
	 32. Huang,YJ, Kao,CL, Hung,KC, Lai,YC, Wu,JY, and Chen,IW. Impact of preoperative COVID-19 on postoperative outcomes in patients undergoing bariatric/metabolic surgery: an updated analysis of TrinetX databases. Obes Surg. (2025) 35:1808–17. doi: 10.1007/s11695-025-07850-4 
	 33. Ho,CN, Wang,WT, Hung,KC, Liu,WC, Liao,SW, Chen,JY , et al. Impact of general vs. regional anaesthesia on one-year clinical outcomes and healthcare utilisation after lower limb arthroplasty: a retrospective study. Anaesthesia. (2025) 80:488–98. doi: 10.1111/anae.16511 
	 34. Ho,CN, Chung,WC, Kao,CL, Hsu,CW, Hung,KC, Yu,CH , et al. Impact of preoperative QTc interval prolongation on short-term postoperative outcomes: a retrospective study. J Clin Anesth. (2024) 98:111574. doi: 10.1016/j.jclinane.2024.111574 
	 35. Song,AB, Kuter,DJ, and Al-Samkari,H. Characterization of the rate, predictors, and thrombotic complications of thrombocytosis in iron deficiency anemia. Am J Hematol. (2020) 95:1180–6. doi: 10.1002/ajh.25925 
	 36. Janaszak-Jasiecka,A, Siekierzycka,A, Płoska,A, Dobrucki,IT, and Kalinowski,L. Endothelial dysfunction driven by hypoxia-the influence of oxygen deficiency on NO bioavailability. Biomolecules. (2021) 11:982.
	 37. Gupta,N, Zhao,YY, and Evans,CE. The stimulation of thrombosis by hypoxia. Thromb Res. (2019) 181:77–83. doi: 10.1016/j.thromres.2019.07.013 
	 38. Oymak,FS, Buyukoglan,H, Tokgoz,B, Ozkan,M, Tasdemir,K, Mavili,E , et al. Prevalence of thromboembolic disease including superior vena cava and brachiocephalic veins. Clin Appl Thromb Hemost. (2005) 11:183–9. doi: 10.1177/107602960501100207 


Copyright
 © 2025 Hung, Weng, Hsu, Lai and Chen. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/xhtml/Nav.xhtml




Contents





		Cover



		Association between iron deficiency anemia and risk of venous thromboembolism: a multi-institutional retrospective study



		1 Introduction



		2 Methods



		2.1 Data sources and ethical statement



		2.2 Inclusion criteria



		2.3 Exclusion criteria



		2.4 Outcomes and follow-up



		2.5 Data collection



		2.6 Additional analysis (mechanism of VTE)



		2.7 Subgroup analyses



		2.8 Statistical analysis









		3 Results



		3.1 Patient selection and baseline characteristics



		3.2 Outcomes



		3.2.1 Risk of VTE at 1-year follow-up



		3.2.2 Risk of VTE at 3-month follow-up









		3.3 Analysis after excluding patients with thrombocytosis



		3.4 Subgroup analyses









		4 Discussion



		5 Conclusion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Conflict of interest



		Generative AI statement



		Publisher’s note



		References



















OPS/images/fnut-12-1660622-g001.jpg
TriNetX (148 Healthcare Organizations)
(n = 146,660,693)

U L 2

Patients aged > 18 yrs with first
diagnosis of dermatitis or
eczema between 2010 and 2023
(n=920,557)

Patients aged > 18 yrs with first
diagnosis of IDA between 2010 and 2023
(n=774,203)

Exclusion criteria:

v Patients with a documented history of venous thrombosis or pulmonary embolism prior to
the follow-up period

v Patients with a documented history of malignancy, hemiplegia/hemiparesis,
paraplegia/quadriplegia, hormone replacement therapy, or contraceptive use

v Patients with a documented history of pregnancy, lower extremity surgery, or cerebral
infarction/hemorrhage during the follow-up period

v Patients with a history of end-stage renal disease, splenectomy, immune
thrombocytopenia, secondary thrombocytopenia, polycythemia vera, essential

thrombocythemia
U L

IDA group Control group
(n=193,076) (n =576,066)

1y L 2

Propensity score matching (1:1) based on age at index date, sex, race, laboratory data,
medications, and comorbidities

U Ry

IDA group Control group
(n = 180,484) (n=180,484)






OPS/images/cover.jpg
’ frontiers | Frontiers in Nutrition

Association between iron
deficiency anemia and risk of
venous thromboembolism: a

multi-institutional retrospective
study












OPS/images/crossmark.jpg
©

2

i

|






OPS/images/logo.jpg
¥ frontiers Frontiers in Nutrition






