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Association between metallic 
implants and stroke in US adults 
from NHANES 2015–2023 a 
cross-sectional study
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Wenzhou TCM Hospital of Zhejiang Chinese Medical University, Wenzhou, China

Objective: Metal implants play a vital role in orthopedic treatment and are widely 
used in fracture repair, joint replacement and spinal surgery. Although these 
implants often contain key elements such as chromium (Cr), their potential 
health effects, particularly their association with stroke risk, have not been 
fully elucidated. This study aimed to evaluate the association between metallic 
implants and stroke.

Methods: Using data from the 2015 to 2023 National Health and Nutrition 
Examination Survey (NHANES), we  conducted a cross-sectional analysis of 
12,337 US adults, in which 3,699 participants reported having metal implants 
and 8,638 without. Implant-like.

Results: Through logistic regression analysis, we revealed a significant positive 
association between metallic implants and stroke risk (adjusted OR = 1.458, 
95%CI (1.130, 1.881), p = 0.004). Further stratified analysis found that this 
positive association was more significant among older and less physically active 
participants.

Conclusion: Findings suggest that metallic implants may be associated with an 
increased risk of stroke, but given the inherent limitations of cross-sectional 
studies, this study cannot establish causality.
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1 Introduction

Stroke, clinically referred to as cerebrovascular accident, is a syndrome characterized by brain 
dysfunction resulting from pathological events in the brain’s blood vessels such as arterial 
embolism, small vessel disease, or cerebral infarction. Clinically, it primarily manifests as two 
types: hemorrhagic and ischemic, with the latter being more predominant in terms of incidence 
(Sacco et al., 2013; Rost et al., 2022; Kumar et al., 2010). Global burden of disease studies have 
shown that stroke is one of the leading causes of death and disability worldwide, posing a 
significant economic burden (Wafa et al., 2020). With the aging population, the prevalence of 
stroke is expected to rise in the coming decades, exacerbating economic and social pressures. 
Numerous risk factors contribute to stroke, including but not limited to age, sex, genetic 
predisposition, and lifestyle factors, among which chronic diseases and unhealthy habits are 
recognized as critical risk factors (GBD 2019 Stroke Collaborators, 2021; Roerecke, 2021).

Joint replacement surgery, particularly hip and knee replacements, has become an 
established effective method for treating advanced joint pain and functional impairment 
(Maradit et al., 2015). Given the global trend of population aging, it is projected that by 2040, 
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the number of joint replacement surgeries performed annually in the 
United States will approach 5 million (Singh et al., 2019). While joint 
replacement surgeries provide significant symptom relief and 
functional recovery, postoperative complications such as 
neurovascular injuries, deep vein thrombosis (DVT), and prosthetic 
infections should not be overlooked (Santana et al., 2020; Vrgoc et al., 
2014). Furthermore, clinical studies have indicated that patients 
undergoing total hip replacement face a heightened risk of stroke 
(Rasouli et al., 2016; Richardson et al., 2023; Pang et al., 2024). Joint 
prostheses are often made from metal alloys, including cobalt-
chromium alloys, stainless steel, titanium alloys, as well as 
biocompatible materials like ceramics and polymers (Manthe et al., 
2022). These metal implants endure mechanical stress and the body’s 
fluid environment (such as blood, tissue fluid, and lymphatic fluid) 
over the long term, potentially leading to localized and systemic 
release of metal ions (He et al., 2023). Components in the body fluid 
environment, such as electrolytes (such as sodium ions and chloride 
ions), proteins, and other organic molecules, can affect the corrosion 
behavior of the metal surface through chemical and electrochemical 
reactions, leading to the release of metal ions. Notably, cobalt has been 
shown to have potential cardiotoxic effects, with significant increases 
in cobalt concentrations in myocardial cells following total hip 
replacement (Wyles et  al., 2017; Cheung et  al., 2016; Berber 
et al., 2017).

Based on this background, the present cross-sectional study aims 
to utilize data from the National Health and Nutrition Examination 
Survey (NHANES) to explore the relationship between metal implants 
and stroke risk among U.S. adults. We hypothesize that individuals 
with metal implants have a higher risk of stroke compared to those 
without such implants. The findings of this study are expected to 
provide new scientific evidence regarding the association between 
metal implants and stroke risk, offering theoretical support for clinical 
decision-making, patient counseling, and public health 
policy formulation.

2 Materials and methods

2.1 Study population

The National Health and Nutrition Examination Survey 
(NHANES) is a nationally representative survey conducted across 
the United  States, employing random sampling to select 
participants, ensuring that the data is representative of the entire 
U.S. population. Implemented biennially, each cycle of the survey 
encompasses face-to-face interviews, physical examinations, 
laboratory tests, and other health measurements for thousands of 
residents. The data from NHANES are extensively utilized for 
formulating public health policies, guiding research, and evaluating 
national health objectives. It should be  noted that, while the 
NHANES data provide nationally representative information, the 
study was unable to analyze potential regional differences due to the 
inability to obtain specific geographic area data. This may limit the 
extrapolation of the results to certain specific areas. However, this 
limitation does not detract from the national applicability of the 
results, as the sampling method of NHANES ensures broad 
representativeness of the data. Future studies can combine other 
databases with geographic area details for further exploration. A 

total of 37,464 participants were obtained in the selected NHANES 
cycle. We further excluded subjects with missing questionnaire data 
and relevant laboratory tests. Ultimately, a total of 12,337 
participants were included in this study. Figure  1 illustrates the 
flowchart for participant selection.

2.2 Measurement and definition

The presence of metal implants in the body was determined based 
on an affirmative response to the following question: “Do you have 
any artificial joints, pins, plates, metal sutures, or other types of metal 
objects in your body?” Additionally, the mentioned metal implants do 
not include piercings, dental crowns, braces or fixtures, shrapnel, or 
bullets, and should not be visible externally or in the mouth. Stroke 
diagnosis was further assessed using a health questionnaire. During 
the interview, participants were asked, “Have you ever been diagnosed 
with a stroke by a doctor or other healthcare professional?” 
Participants who answered “yes” to this question were considered 
stroke survivors. This definition has been used in numerous 
epidemiological studies and has been effective in capturing health 
events among participants. However, due to the lack of radiological 
confirmation or medical records, future studies should employ a 
variety of methods to verify the accuracy of stroke diagnoses.

2.3 Covariates

In line with previous studies, we  collected variables that may 
be  associated with the relationship between metallic implants and 
stroke, including smoking, alcohol consumption, obesity, and diabetes. 
We  obtained sociodemographic data (such as gender, age, race/
ethnicity, poverty status [PIR], education level, and body mass index 
[BMI]), lifestyle factors (such as smoking and drinking status), and 
medical history (such as diabetes) as covariates (He et  al., 2023). 
Education levels were categorized into three groups used by NHANES: 
high school or below, high school equivalent, and college or above. 
Participants were classified as Mexican American, other Hispanic, 
Hispanic white, non-Hispanic black, or other races. The PIR was 
divided into three categories: low (<1.5), medium (1.5–3.5), and high 
(>3.5). Marital status was defined as one of three groups: married and 
living with a partner, other (including widowed, divorced, or 
separated), and never married. For lifestyle factors, individuals who 
reported having smoked more than 100 cigarettes in their lifetime were 
classified as smokers. Alcohol consumption was assessed through the 
questions: “During the past year, have you consumed at least 12 drinks 
of any kind of alcoholic beverage? By “one drink,” I mean a 12-ounce 
beer, a 5-ounce glass of wine, or a 1.5-ounce shot of spirits?” (Liu et al., 
2022). Diabetes was defined as self-reported diabetes, use of 
antidiabetic medications, or meeting the criteria set by the American 
Diabetes Association (ADA). Participants were classified as having 
hypertension if they met any of the following criteria: (Sacco et al., 
2013) average systolic blood pressure (SBP) ≥ 140 mmHg (Rost et al., 
2022) average diastolic blood pressure (DBP) ≥ 90 mmHg (Kumar 
et al., 2010) self-reported diagnosis of hypertension; or (Wafa et al., 
2020) currently using antihypertensive medications. Coronary heart 
disease was determined based on a questionnaire asking participants 
whether a doctor had ever informed them of this condition.
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2.4 Statistical analysis

Statistical analyses were conducted using Stata 16 and R software 
version 4.2.1. Descriptive statistics were employed to present the data, 
with normally distributed or skewed data reported as mean ± standard 
deviation, and categorical variables expressed as counts and 
percentages. Complex sample weights were utilized to estimate 
population characteristics, BMI, and the overall prevalence of diabetes 
and hypertension.

Subsequently, statistically significant covariates were incorporated 
into a multiple linear regression model for analysis. In this study, 
metal implants served as the predictor variable, while stroke was the 
outcome variable for the association study. After adjusting for 
covariates, the relationship between metal implants and stroke was 
further explored, and effect sizes (β) along with their 95% confidence 
intervals (CI) were calculated. To enhance the accuracy of the results, 
subgroup analyses stratified by age, gender, and physical activity were 
performed. A p-value of <0.05 was considered statistically significant 
for assessing the performance of the metrics.

3 Results

3.1 Population-based research analysis

A total of 12,337 eligible participants were included in this study, 
comprising a metal implant group (n = 3,699) and a non-metal 
implant group (n = 8,638). The average age of participants was 
58.570 years (standard error ± 11.565), with 47.624% being male. 
Among them, 753 individuals had a history of stroke. Table  1 

presents the demographic and baseline characteristics of the metal 
implant and non-metal implant groups. Notably, the metal implant 
group was significantly older than the non-metal implant group 
(p < 0.001). The proportion of non-Hispanic whites in the metal 
implant group was higher than in the non-metal implant group 
(75.621 vs. 63.940%).

Furthermore, the metal implant group exhibited higher rates of 
poverty, lower education levels, smoking, alcohol consumption, BMI, 
hypertension, coronary heart disease, physical inactivity, and diabetes 
(all p < 0.05). Importantly, the prevalence of stroke was higher in the 
metal implant group compared to the non-metal implant group (7.395 
vs. 3.597%, p < 0.001).

Table  2 presents the logistic regression analysis with metal 
implants as the independent variable and stroke as the outcome. 
Overall, metal implants were significantly associated with stroke 
[OR = 2.140, 95% CI (1.720, 2.663), p < 0.001]. This positive 
correlation persisted even after adjusting for other variables, 
remaining significant in Model 2 [OR = 1.835, 95% CI (1.463, 
2.301)], Model 3 (OR = 1.650, 95% CI (1.305, 2.088), p < 0.001), 
and Model 4 (OR = 1.458, 95% CI (1.130, 1.881), p = 0.004). In all 
models, the presence of metal implants was positively correlated 
with the incidence of stroke, and this association remained 
statistically significant.

Table  3 illustrates the results of the stratified analysis, which 
demonstrates that the correlation between metal implants and stroke 
increases with age and decreases in physical activity. The relationships 
in the final model are as follows: for the >60 age group [OR = 1.513, 
95% CI (1.129, 2.028), p = 0.006], for the group with low physical 
activity [OR = 1.382, 95% CI (1.043, 1.829), p = 0.024], and for women 
[OR = 1.382, 95% CI (1.043, 1.829), p = 0.024].

FIGURE 1

Flowchart of participant selection.
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TABLE 1 Baseline characteristics of participants in the NHANES 2015–2020 cycle.

Characteristics Total Without metal implants With metal implants p

Age (years), Mean (SD) 58.570 + 11.565 56.662 + 11.114 62.848 + 11.412 <0.001

Total cholesterol (mg/dL), Mean (SD) 194.529 + 42.677 197.350 + 42.001 188.204 + 43.495 <0.001

HDL (mg/dL), Mean (SD) 55.257 + 17.289 55.044+ 16.686 55.732 + 18.559 0.041

Gender, (%) 0.304

  Man 47.624 47.933 46.933

  Female 52.376 52.067 53.067

Race/ethnicity, n (%) <0.001

  Mexican American 6.677 7.602 4.603

  Other Hispanic 6.706 7.414 5.119

  Non-Hispanic White 67.543 63.940 75.621

  Non-Hispanic Black 9.851 11,168 6.899

  Other Race 9.222 9.876 7.758

Education level, (%) 0.065

  High school graduate or below 36.752 37.012 36.169

  Some college or AA degree 30.492 29.850 31.931

  College graduate or above 32.756 33.138 31.900

Family income, (%) 0.0004

  ≤ 1.3 16.788 17.669 14.812

  1.3 < PIR ≤ 3.5 35.177 34.870 35.866

  PIR > 3.5 48.035 47.461 49.322

Marriage status, (%) 0.566

  Married or living with a partner 69.186 69.271 68.994

  Widowhood, divorce or separation 28.480 28,311 28.859

  Never married 2.334 2.418 2.146

Drinking status, (%) 0.928

  No 23.547 23.524 23.599

  Yes 76.453 76.476 76.401

BMI, (%) 0.004

  Normal weight 23.729 24.530 21.933

  Overweight 33.485 33.406 33.664

  Obesity 42.786 42.064 44.404

(Continued)
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TABLE 1 (Continued)

Characteristics Total Without metal implants With metal implants p

Diabetes, (%) <0.001

  No 83,271 85.110 79.146

  Yes 16.729 14.890 20.854

Hypertension, (%) <0.001

  No 49.341 52.766 41.664

  Yes 50.659 47.234 58.336

Physical activity, (%) <0.001

  Regular activities 16.239 17.639 13.100

  Occasional activities 33.429 32.997 34.399

  Little activity 50.332 49.364 52.501

Coronary heart disease, (%) <0.001

  No 94.042 97.359 86.603

  Yes 5.958 2.641 13.397

Smoking status, (%) <0.001

  No 54.702 57.409 48.634

  Yes 45.298 42.591 51.366

Stroke, (%) <0.001

  No 95.232 96.403 92.605

  Yes 4.768 3.597 7.395
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4 Discussion

This study utilized nationally representative data from the 
NHANES (2015–2023) to elucidate the strong association between 
metal implants and stroke. Importantly, this association remained 
statistically significant even after adjusting for several confounding 
factors, including age, gender, race, physical activity, socioeconomic 
status, obesity, smoking status, alcohol consumption, hypertension, 
and diabetes. In our research, approximately 7.395% of patients in the 
metal implant group had a history of stroke, which is 3.798% higher 
than that in the non-metal implant group. These findings prompt us 
to consider the possibility that metal implants may be a potential risk 
factor for stroke. In subgroup analysis, it has been observed that 
women who undergo metal implantation are at an increased risk of 
stroke compared to their male counterparts. Research indicates that 
women tend to have higher concentrations of metal ions in their 
bodies (Moroni et al., 2011). Furthermore, individuals over the age 
of 60 are at a higher risk of developing stroke, and those with less 
physical activity also face an elevated risk. Studies have shown that 
the proportion of non-Hispanic whites in the group with metal 
implants is significantly higher than that of other ethnicities, which 
may reflect differences in access to medical resources, surgical 
preferences, and cultural factors among different ethnic groups. For 
instance, research has indicated that non-Hispanic whites are more 
inclined to undergo joint replacement surgery or other treatment 
measures involving metal implants (Kim and Jacobson, 2024; Jiang 
et al., 2024). This racial distribution difference may suggest that racial 
factors play a significant role in the association between metal 
implants and stroke risk. Therefore, this distribution characteristic 
emphasizes the importance of balancing racial representation in 
future study designs.

Previous studies have primarily focused on the release of metal ions 
due to wear or corrosion of metal implants. For instance, some 
researchers have identified mechanical-assisted crevice corrosion 
(MACC) following total hip arthroplasty, during which metal ions may 
enter the bloodstream (Garbuz et al., 2010; Jacobs et al., 2014; Hussey 
and McGrory, 2017). The accumulation of these ions in the body can 
be disseminated through circulation, potentially affecting overall health, 
including vascular health (Brennan et al., 2024; Lassalle et al., 2018; 
Mastel et  al., 2022). Although there is currently no direct evidence 
linking metal ions to stroke causation, studies have indicated that the 
normal functioning of brain tissue relies on essential ion transporters. 
The accumulation of ions may disrupt the operation of these transporters, 
potentially leading to a vicious cycle that increases stroke risk (Song et al., 
2024; Wang et al., 2024; Sangani et al., 2024). Additionally, research has 
shown that cobalt ions can lead to apoptosis and necrosis of endothelial 
cells once they diffuse into the bloodstream, thereby inhibiting the 
activity of other cells and increasing stroke risk (Zhu et al., 2021). The 
potential effects of metal ions on cardiac function, including disruption 
of heart rhythms and impairment of valve function, may also indirectly 
elevate the risk of stroke. One study observed that cobalt ions exhibited 
cytotoxic effects on synovial cells (fibroblasts), causing inflammation in 
hips with metal implants (Eltit et al., 2017; Eltit et al., 2021). Furthermore, 
cobalt ions can affect mitochondrial function, leading to autophagy of 
mitochondria and triggering hypoxic responses (Eltit et  al., 2019; 
Chamaon et al., 2019). Hypoxic responses in cells include the secretion 
of cytokines that can provoke inflammation by activating vasculature 
and enhancing leukocyte migration (Mittal et al., 2014). Metal ions may 
also have widespread effects on biological systems by inducing oxidative 
stress responses. For instance, studies have shown that titanium dioxide 
nanoparticles can trigger oxidative stress, leading to repeated cellular 
damage and abnormal proliferation, while also causing indirect DNA 

TABLE 2 Relationship between metal implants and stroke.

OR (95%CI) p

Model 1

No stroke ref

Stroke 2.140 (1.720, 2.663) <0.001

No stroke ref

Model 2
Stroke 1.835 (1.463, 2.301) <0.001

No stroke ref

Model 3
Stroke 1.650 (1.305, 2.088) <0.001

No stroke ref

Model 4 Stroke 1.458 (1.130, 1.881) 0.004

TABLE 3 Subgroup analysis between metal implants and stroke subgroup analysis of the relationship between metallic implants and stroke.

Subgroup Variable OR (95%CI) p

Age
≤60 1.282 (0.784, 2.095) 0.322

>60 1.513 (1.129, 2.028) 0.006

Gender
Man 1.293 (0.904, 1.851) 0.160

Female 1.649 (1.167, 2.332) 0.005

Physical activity

Regular activities 1.970 (0.627, 6.186) 0.245

Occasional activities 1.553 (0.864, 2.792) 0.141

Little activity 1.382 (1.043, 1.829) 0.024

Each stratification factor was adjusted for all other variables except the stratification component itself.
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damage (Zhong et al., 2024; Braakhuis et al., 2021). These processes may 
lead to abnormal cell growth behavior and further promote osteolysis 
around the prosthesis (Nuevo-Ordonez et al., 2011). In addition, some 
studies have found that increased titanium concentrations in plasma are 
significantly associated with an increased risk of stroke and heart disease 
(Xiao et al., 2019; Yuan et al., 2017).

Furthermore, metal allergic reactions are also a concern following 
joint replacement surgery. Some patients may develop allergic reactions 
to certain components in metal implants, such as cobalt and chromium, 
potentially leading to local tissue reactions or even systemic responses. 
In a study by Bloemke and Clarke (2015), a self-reported survey on skin 
allergies, metal allergies, or sensitivities was conducted among patients 
undergoing primary total knee arthroplasty (TKA), revealing that 
individuals with these allergic symptoms comprised as much as 14% of 
the sample. In contrast, Nam et al. found a self-reported incidence of 
metal allergies at 4.1% through analysis of a large cohort (Nam et al., 
2016). Additionally, the immune response triggered by metal allergies 
may indirectly affect cardiac function, increasing the risk of arrhythmias 
and changes in blood composition, all of which could promote the 
occurrence of strokes (Lv et  al., 2024). Therefore, although direct 
evidence is lacking, the potential link between metal allergies and stroke 
should not be overlooked, necessitating further research to explore these 
underlying mechanisms and provide patients with more comprehensive 
prevention and treatment strategies.

Research indicates that levels of physical activity may play a 
significant modulating role between metal implants and the risk of 
stroke. Particularly in groups with low physical activity, the positive 
correlation between metal implants and stroke risk is more 
pronounced, which may be related to the hemodynamic changes and 
decreased metabolic levels triggered by insufficient physical activity 
(Belfiore et al., 2018; Ju et al., 2024; Madsen et al., 2022). Furthermore, 
studies have shown that replacing 1 h of sedentary time (ST) with an 
equivalent amount of physical activity (PA) per week can significantly 
reduce the risk of all-cause mortality, cardiovascular disease, and 
cancer deaths (de la Camara et al., 2024; Schmid et al., 2016; Rees-
Punia et  al., 2019). Metal ions in the body can promote vascular 
pathology by activating inflammatory factors. However, moderate 
physical activity can not only neutralize the potential side effects of 
metal ions but also improve overall prognosis by raising the patient’s 
health threshold (Tian et al., 2022; You et al., 2023; Kong et al., 2023). 
In contrast, although high-intensity physical activity may increase 
joint load and exacerbate implant wear, thereby releasing more metal 
ions, appropriate physical activity helps to balance this risk. It is worth 
mentioning that a study found that moderate physical activity can also 
reduce the levels of heavy metal ions such as cadmium and lead in the 
blood, thereby alleviating their toxic effects on the vascular system and 
further reducing the potential risk of stroke (Deng et al., 2024). This 
evidence suggests that physical activity not only has a significant 
impact on the biological effects of implant wear and metal ion release 
but may also indirectly reduce the risk of stroke by modulating 
inflammatory responses and improving vascular function.

In summary, although the direct relationship between metal 
implants and stroke following joint replacement surgery has yet to 
be definitively established, the release of metal ions, metal allergic 
reactions, and the necessity for long-term health monitoring in 
patients represent key areas for future research. Future studies should 
explore how these factors collectively impact patients’ long-term 
health outcomes and their potential influence on stroke risk.

Additionally, the NHANES database lacks detailed records 
regarding metal implants, including the type, number, duration within 
the body, and key information such as the corrosion rates and ion 
release profiles of different metal materials. This data absence limits a 
comprehensive assessment of the potential impact of different metal 
types on stroke risk. Moreover, significant differences may exist in 
functionality, biomechanical load, and in vivo degradation processes 
of different metal implants, which could influence study outcomes, 
increase heterogeneity between groups, and reduce the clinical 
specificity of study conclusions. Lastly, a limitation of this study is the 
significant difference in racial distribution between the metal implant 
group and the non-implant group, which may affect the universality of 
the results. Although we adjusted for racial factors in multivariate 
regression analysis, this imbalanced distribution may still mask specific 
associations within certain subgroups. Future research will aim to 
enhance clinical relevance and specificity by collecting more detailed 
information regarding metal implants and addressing potential 
confounding factors. To overcome these limitations, prospective study 
designs should be employed in future research. Moreover, we must 
acknowledge the possibility of unmeasured or unknown confounding 
factors, which could lead to residual confounding effects in the study.
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