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Association between metal
implants and urinary
chromium levels in US adults:
a cross-sectional study

from NHANES

Xiaogang Qi?, Jiaming Liu?, Wenhai Liu3, Xiaodong Qiao*, Junwen Fu®*“ & Jiankang Gao®**

Metal implants play a significant role in orthopedics, commonly used for treating fractures, joint
replacement surgeries, spinal procedures, and more. Chromium (Cr), crucial in these implants, may
raises health concerns. However, the relationship between metal implants and urine Cr levels remains
uncertain. We aimed to evaluate this relationship. We conducted a cross-sectional study on 1419
individuals aged 40 years or older using data from the National Health and Nutrition Examination
Survey (NHANES) spanning the years 2017 to 2020. Multivariate linear regression models and
subgroup analysis were applied to assess associations between metal implants and urine Cr levels.
Among the 1419 participants, 402 [28.3%] self-reported having metal objects in their bodies. After
adjusting for potential confounding factors, metal implants were positively correlated with the
accumulation of urine Cr (8 =0.41, 95% Cl 0.04-0.77, p=0.028). However, the positive correlation

of metal implants with urine Cr was only present in females (§=0.81, 95% Cl 0.08-1.53, p=0.029),
but not in males. Our study revealed higher urine Cr levels in individuals with metal implants, with
noticeable gender differences. Additionally, those with metal implants exhibited a more pronounced
elevation in urine Cr levels with increasing age compared to individuals without implants.

Metal exposure is ubiquitous!, and people can be exposed to metals through food, drinking water'?, and even
surgery. Metal implants play an important role in the medical field, especially in orthopedics. Metal implants
such as plates, screws, artificial joints are commonly used to stabilize fractures, support the spine, and replace
damaged joints®. Although these implants are often designed to treat injuries or improve function, metal ion
release from these materials is becoming a major cause of concern. The potential health hazards associated with
this release have raised concerns among some individuals, who fear it could trigger allergic reactions, metal
poisoning, or other health problems.

Metal implants are typically made of metal alloys and may need to remain in the body for extended periods.
It is well-known that cobalt-chromium-molybdenum (CoCrMo) alloy is one of the most commonly used metal
materials in total hip replacement due to its excellent biocompatibility, mechanical strength, and corrosion
resistance®”. Nonetheless, over time, physical wear, electrochemical corrosion, and inflammation can cause these
metal implants to release metal ions into the body, where they can circulate, metabolize, and potentially cause
local or systemic harm®. Chromium (Cr) is an essential component in metal implants but may pose potential
health risks. On one hand, trivalent Cr (III) is considered essential for nutrition and plays a role in glucose
metabolism’. On the other hand, hexavalent Cr (VI) is highly biologically toxic and has been listed as one of
the top 20 toxic pollutants®.

As most bioavailable Cr is excreted in urine, the concentration of Cr in urine is considered a reliable biological
indicator for monitoring Cr exposure®!’. Recent studies have shown a correlation between serum Cr levels and
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metal implants®>!!, but there’s a lack of studies on the relationship between urine Cr levels and metal implants.
Further research in this field could contribute to a deeper understanding of the impact of metal implants on
human Cr metabolism and the potential link between implants and Cr exposure. Therefore, this cross-sectional
study aims to explore the relationship between metal implants and urine Cr levels in US adults using data from
the National Health and Nutrition Examination Survey (NHANES). We hypothesize that participants with metal
implants will have significantly higher urine Cr levels than those without metal implants.

Materials and methods

Study population

The NHANES is a research project designed to assess the health and nutritional status of American adults
and children using a stratified multistage probability sampling technique'>"*. The NHANES research protocols
received approval from the National Center for Health Statistics (NCHS) Research Ethics Review Board, with
written informed consent has been obtained from all participants. All methods of this study was performed in
accordance with the principles outlined in the Declaration of Helsinki.

In this study, we analyzed NHANES data from 2017 to 2020 and selected participants aged 40 years or
older who responded to the questionnaire regarding the presence of metal implants in their bodies (n=6433).
We excluded individuals with missing data on "Any metal objects inside your body?" (n=46), urine Cr levels
(n=4458), and other covariates (n=510). Ultimately, a total of 1419 individuals were included in the final analy-
sis. The participant selection process is illustrated in Fig. 1.

Variables

The presence of metal implants within the body was defined as an affirmative response to the following ques-
tion: “Do you have any artificial joints, pins, plates, metal suture material, or other types of metal objects in your
body?”. Moreover, the mentioned metal implants exclude piercings, crowns, dental braces or retainers, shrapnel,
or bullets, and should not be visible on the outside of the body or in the mouth.

The urine concentrations of Cr were measured using a specific analytical process. After acidification and
dilution with nitric acid, the Cr content in the urine sample was measured using inductively coupled plasma
mass spectrometry. During Cr detection, ammonia gas was introduced into the Universal Cell Technology
to eliminate polyatomic interferences. Quantification of Cr was achieved by comparing the blank-subtracted
counting rate of Cr from the sample, adjusted to an internal standard, to the blank-subtracted counting rate of
matrix-matched external calibrators, also adjusted to an internal standard, within the same analytical run. A
detailed description of the laboratory methods can be found in the Laboratory Method Files section (https://
wwwn.cdc.gov/Nchs/Nhanes/2017-2018/P_UCM.htm). To minimize statistical errors caused by variations in
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Figure 1. The study’s flow diagram.
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urinary Cr concentrations due to drinking habits, kidney function, and other factors, we also normalized the
urinalysis results to creatinine content. Specifically, we calculated the urine Cr/creatinine (Cr/Cre) ratio. However,
because the resulting values were too small for effective statistical analysis, we multiplied the ratio by a factor of
10 before including it in our statistical analysis. This adjustment ensures that the data is manageable for statistical
evaluation without affecting the relative differences or accuracy of our findings. Consequently, this adjustment
increased the reliability of our data and ensured the validity of our statistical analysis, further confirming the
stability of our results.

Based on previous studies®!, the potential covariates considered in this study included age, gender, marital
status, race/ethnicity, educational level, family income, smoking status, drinking status, serum hemoglobin, tap
water intake, shellfish intake, fish intake, hypertension, diabetes, and coronary heart disease. Marital status was
categorized as married, living with a partner, or living alone. Race/ethnicity included classifications such as non-
Hispanic white, non-Hispanic black, Mexican American, or other races. Educational attainment was classified as
less than 9 years, 9 to 12 years, and more than 12 years. Family income, based on the poverty income ratio (PIR),
was grouped as low (PIR<1.3), medium (1.3 <PIR<3.5), and high (PIR>3.5) according to a US government
report'®. Referring to previous literature!®7, smoking status was categorized as never, former, or current smoker,
while drinking status was categorized as never, former, mild, moderate, or heavy drinker. The definition of tap
water, shellfish, and fish intake was based on dietary interview inquiries about “tap water source”, “shellfish eaten
during past 30 days’, and “fish eaten during past 30 days”, respectively. The definition of hypertension, diabetes,
and coronary heart disease was based on questionnaire inquiries about whether participants had been informed
by their doctor of these conditions in the past. The detailed definitions of the covariates are available at https://
wwwn.cdc.gov/nchs/nhanes/.

Statistical analysis

A secondary analysis was conducted on publicly available datasets, with categorical variables represented as
percentages (%) and continuous variables expressed as means (SD) or median (IQR) based on the data distribu-
tion. To assess differences between groups, we utilized analysis of variance, Kruskal-Wallis, and chi-squared
tests. Additionally, multivariate linear regression models were employed to evaluate the association between
metal implants and urine Cr. Model 1 was adjusted for sociodemographic characteristics, including age, gender,
race/ethnicity, marital status, education level, and family income. Model 2 was further adjusted for smoking
status and drinking status, in addition to the factors included in model 1. Model 3 was adjusted for the factors
included in model 2 and serum hemoglobin.Model 4 was adjusted for the factors included in model 3 and tap
water source, shellfish intake, fish intake. Model 5 achieved full adjustment, encompassing factors from Model
4 and incorporating hypertension, diabetes, coronary heart disease.

The subgroup analysis was conducted using stratified multivariate regression analysis. Additionally, to detect
trends, smooth curve fittings were utilized to explore the relationship between age and urine Cr in different
groups.

Statistical analyses were conducted using R software version 4.2.1 and Free Statistics software version 1.9.2.
Significance was declared using P <0.05 (two-tailed).

Results

From 2017 to 2020, a total of 1419 individuals aged 40 years or older were successfully enrolled in this study,
consisting of the without metal implants group (n=1017) and the with metal implants group (n=402) (Fig. 1).
Table 1 shows the baseline characteristics of participants stratified according to the presence or absence of metal
implants in the body. Compared to participants without metal implants, those with metal implants were more
likely to be older, non-Hispanic White, former smokers, former drinkers, and have hypertension or diabetes.
Moreover, individuals with metal implants tended to have higher levels or concentrations of Cr in their urine.

Table 2 presents the results of multivariate liner regression analyses. In the unadjusted model, there is a
positive correlation between the presence of metal implants and urinary Cr levels (f=0.43, 95% CI 0.09-0.77,
p <0.05). Even after adjusting for confounding factors, this positive correlation persists in model 1 (p=0.37, 95%
CI0.01-0.72, p=0.042), model 2 (f=0.38, 95% CI 0.03-0.74, p=0.034), model 3 (p=0.37, 95% CI 0.02-0.73,
p=0.038), model 4 (f=0.39, 95% CI 0.03-0.74, p=0.033), and model 5 (3 =0.41, 95% CI 0.04-0.77, p=0.028).
In all models, the presence of metal implants is positively associated with urine Cr levels, and the association
remained statistically significant. Additionally, metal implants were positively correlated with the urinary Cr/
Cre ratio in all five models. Individuals with metal implants had a 0.03 higher urinary Cr/Cre ratio than those
without metal implants (Table 2).

As shown in Table 3, in subgroup analysis stratified by gender, the positive correlation between metal implants
and urinary Cr levels was only observed in females (f =0.81, 95% CI 0.08-1.53, p=0.029). In supplementary
Table 1, our subgroup analysis stratified by gender reveals that metal implants are positively correlated with
urinary Cr/Cre ratio only in females.

As indicated by the smoothed curve in Fig. 2, participants with metal implants show a more pronounced
increase in urinary Cr levels with advancing age compared to those without metal implants.

Stratified analyses are displayed in Fig. 3. We observed significant interactions between individuals of dif-
ferent genders (p =0.03 for interaction). The positive correlation between metal implants and urinary Cr levels
was only observed in females (=0.81, 95% CI 0.08-1.53, p=0.029). Aside from these findings, no significant
interactions were observed in analyses stratified by age.

Scientific Reports |

(2024) 14:17111 | https://doi.org/10.1038/s41598-024-68049-8 nature portfolio


https://wwwn.cdc.gov/nchs/nhanes/
https://wwwn.cdc.gov/nchs/nhanes/

www.nature.com/scientificreports/

Total Without metal implants | With metal implants
Characteristics (N=1419) (N=1017) (N=402) P-value
Age(years), Mean(SD) 59.9+11.5 58.2+11.1 643+11.4 <0.001
Gender, n(%) 0.007
Male 710 (50.0) 486 (47.8) 224 (55.7)
Female 709 (50.0) 531 (52.2) 178 (44.3)
Marital status, n(%) 0.092
Married or living with a partner 865 (61.0) 606 (59.6) 259 (64.4)
Living alone 554 (39.0) 411 (40.4) 143 (35.6)
Race/ethnicity, n(%) <0.001
Non-Hispanic White 573 (40.4) 362 (35.6) 211 (52.5)
Non-Hispanic Black 373 (26.3) 300 (29.5) 73 (18.2)
Mexican American 144 (10.1) 105 (10.3) 39(9.7)
Others 329(232) | 250 (24.6) 79 (19.7)
Education level (years), n (%) 0.363
<9 87(6.1) 66 (6.5) 21(5.2)
9-12 524 (36.9) | 383 (37.7) 141 (35.1)
>12 808 (56.9) 568 (55.9) 240 (59.7)
Family income, n(%) 0.097
Low 358 (25.2) 270 (26.5) 88 (21.9)
Medium 549 (38.7) | 378 (37.2) 171 (42.5)
High 512 (36.1) 369 (36.3) 143 (35.6)
Smoking status, n(%) <0.001
Never 758 (53.4) | 576 (56.6) 182 (45.3)
Former 427 (30.1) 268 (26.4) 159 (39.6)
Current 234 (16.5) 173 (17) 61 (15.2)
Drinking status, n (%) <0.001
Never 125(8.8) 100 (9.8) 25(6.2)
Former 329 (23.2) 211 (20.7) 118 (29.4)
Mild 530 (37.4) 372 (36.6) 158 (39.3)
Moderate 239 (16.8) 184 (18.1) 55(13.7)
Heavy 196 (13.8) 150 (14.7) 46 (11.4)
Serum hemoglobin(g/dL), Mean(SD) 14.0£1.5 14.0+1.5 140+ 1.5 0.756
Tap water, n (%) 0.028
Community supply 924 (65.1) 679 (66.8) 245 (60.9)
Other 152 (10.7) 96 (9.4) 56 (13.9)
Shellfish, n (%) 713 (50.2) 497 (48.9) 216 (53.7) 0.099
Fish, n (%) 1019 (71.8) | 725 (71.3) 294 (73.1) 0.486
Hypertension, n(%) 714 (50.3) 472 (46.4) 242 (60.2) <0.001
Diabetes, n (%) 382 (26.9) 263 (25.9) 119 (29.6) <0.001
Coronary heart disease, n (%) 90 (6.3) 26 (2.6) 64 (15.9) 0.152
Urine chromium(ug/L), IQR 0.1(0.1,0.3) {0.1(0.1,0.3) 0.2(0.1,0.4) <0.001
Urine chromium(ug/L), Mean(SD) 0.5+2.9 0.3+0.8 0.8+5.4 0.012

Table 1. Baseline characteristics of 1419 participants in the NHANES 2017-2020 cycles. NHANES National
Health and Nutrition Examination Survey, IQR interquartile range.

Discussion
The findings of our study suggest a significant correlation between the presence of metal implants and elevated
Cr levels in urine samples, with differences observed between genders. Previous studies have highlighted gender
disparities in blood Cr ion levels among patients with metal implants, revealing a positive correlation exclusively
in females and not in males®. Additionally, research on metal-on-metal total hip arthroplasty has demonstrated
varying levels of metal ion release between men and women, with women generally exhibiting higher Cr ion
levels in their blood compared to men'®. However, the specific mechanisms underlying these gender differences
remain unclear. Currently, there is no literature reporting on gender differences in Cr ion levels in urine among
patients with metal implants. It is noteworthy that individuals with metal implants show a more significant
increase in urinary Cr levels as they age, compared to those without metal implants.

The current research mainly focuses on the impact of metal implants on Cr concentration in the bloo
However, urinary Cr levels, recognized as an acceptable biomarker of Cr exposure®!®2"2, should receive equal

dZ, 19,20
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Crude Model 1 Model 2 Model 3 Model 4 Model 5
Without metal implants Reference Reference Reference Reference Reference Reference
With metal implants
Urine Cr
B (95% CI) 0.43 (0.09-0.77) 0.37 (0.01-0.72) 0.38 (0.03-0.74) 0.37 (0.02-0.73) 0.39 (0.03-0.74) 0.41 (0.04-0.77)
P 0.012 0.042 0.034 0.038 0.033 0.028
Urine Cr/Cre
B (95% CI) 0.03 (0.01-0.05) 0.03 (0.01-0.05) 0.03 (0.01-0.05) 0.03 (0.01-0.05) 0.03 (0.01-0.05) 0.03 (0.01-0.05)
P 0.001 0.009 0.007 0.009 0.007 0.005
Table 2. Association between metal implants and urine Cr levels and urine Cr/Cre in the NHANES 2017-
2020 cycles. NHANES National Health and Nutrition Examination Survey, urine Cr urine chromium, Urine Cr/
Cre the urine chromium/creatinine ratio, CI confidence interval. *Crude model: no covariates were adjusted.
Model 1 adjusted for age, gender, marital status, race/ethnicity, educational level, family income. Model 2 was
adjusted for model 1 + smoking status, drinking status. Model 3 was adjusted for model 2 + serum hemoglobin.
Model 4 was adjusted for model 3 + tap water intake, shellfish intake, fish intake. Model 5 was adjusted for
model 4 + hypertension, diabetes, coronary heart disease.
Crude Model 1 Model 2 Model 3 Model 4 Model 5
Without metal implants | Reference Reference Reference Reference Reference Reference
With metal implants
Male
B (95% CI) 0.07 (- 0.06 to 0.21) 0.04 (- 0.11 t0 0.18) 0.04 (- 0.11 t0 0.18) 0.03 (- 0.11 t0 0.18) 0.03 (- 0.12 t0 0.17) 8:(1)2)(’ 012t
P 0.284 0.618 0.617 0.647 0.7 0.738
Female
B (95% CI) 0.86 (0.18-1.55) 0.76 (0.05-1.47) 0.75 (0.03-1.46) 0.74 (0.03-1.45) 0.77 (0.05-1.49) 0.81 (0.08-1.53)
P 0.014 0.036 0.04 0.042 0.035 0.029

Table 3. Association between metal implants and urinary chromium levels, stratified by gender. CI confidence
interval. *Crude model: no covariates were adjusted. Model 1 adjusted for age, marital status, race/ethnicity,
educational level, family income. Model 2 was adjusted for model 1+ smoking status, drinking status. Model 3
was adjusted for model 2 + serum hemoglobin. Model 4 was adjusted for model 3 + tap water intake, shellfish
intake, fish intake. Model 5 was adjusted for model 4 + hypertension, diabetes, coronary heart disease.

attention for monitoring to better assess the long-term potential impacts of metal implants on kidney function or
overall health®*?*. Metal implants undergo a process of frictional corrosion within the body, leading to the gen-
eration of metal debris and the release of metal ions and particles®. These ions and particles can be absorbed by
surrounding tissues, deposited within tissues, released into the bloodstream, or excreted from the body through
urine?*?. Studies on renal handling indicate that Cr undergoes slow urinary excretion®. A prospective study
on urinary metal excretion in patients with metal-on-metal (MoM) prostheses revealed that Cr levels peaked
approximately 1-2 years after surgery and subsequently exhibited a slight decline®!. Evidence exists indicating
that Cr can impair renal function and lead to tubular necrosis in both humans and animals®**>.

Metal implants release free Cr ions that precipitate in local tissues in the form of Cr phosphate, but do
not form organometallic complexes in serum®~*. However, other studies suggest that Cr released from metal
implants preferentially distributes into the serum, with Cr in the blood existing in a non-toxic trivalent state®.
Trivalent Cr is considered essential for glucose metabolism and has a wide safety range, with no reports of high-
dose toxicity in nutritional studies*’. Some experimental studies and small-scale clinical trials suggest that sup-
plementing with Cr can reduce oxidative stress*"*2. However, hexavalent Cr is toxic and has a tendency to enter
blood cells*, classified by the World Health Organization as a Group 1 human carcinogen*. Some studies indicate
that while Cr levels rise in patients with metal implants, they do not reach levels high enough to cause disease®.

This study has several limitations to consider. Firstly, being a cross-sectional study, it cannot establish causal
relationships among dependent, independent, and covariate variables. Therefore, it is impossible to determine
the temporal relationship between metal implants and Cr levels in urine. Secondly, considering privacy concerns,
the NHANES database does not provide specific geographical locations or related occupations of participants.
This limitation prevents the study from assessing the influence of geographical environment and occupational
exposure on urine Cr levels. Additionally, the NHANES database lacks detailed records of metal implants,
making it impossible to determine the type, quantity, and duration of these implants in the body. The function
and biomechanical load of metal implants vary greatly, and some implants may not contain chromium. The
effects of load-bearing and non-load-bearing joints on implants may differ. Various factors play crucial roles in
the degradation of metal implant materials, particularly joint replacement implants, which are associated with
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Figure 2. Smooth curve fittings between age and urine chromium in different groups.

chromium release. This results in a highly heterogeneous group, lacking clinical specificity. In future research, we
will aim to refine the details regarding metal implants and consider their potential confounding effects. Finally,
it is not possible to determine information about individual Cr compounds, such as trivalent or hexavalent Cr,
from the total urinary Cr levels. Addressing this limitation requires the initiation of future prospective studies.
Moreover, it is essential to recognize that complete elimination of residual confounding effects from unmeasured
or unknown factors could not be achieved.

Conclusion

In summary, our study revealed higher urinary Cr levels in individuals with metal implants, with noticeable
gender differences. Additionally, those with metal implants exhibited a more pronounced elevation in urinary Cr
levels with increasing age compared to individuals without implants. Further large-scale prospective investiga-
tions are warranted to validate and expand upon our findings.
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Figure 3. Stratified analysis of the relationship between metal implants and urinary chromium levels. Except
for the stratification component itself, each stratification factor was adjusted for all other variables (age,

gender, marital status, race/ethnicity, educational level, family income, smoking status, drinking status, serum
hemoglobin, tap water intake, shellfish intake, fish intake, hypertension, diabetes, coronary heart disease.). CI

confidence interval.
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Data availability
The datasets generated or analysed during the current study are available from the corresponding author on
reasonable request.
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