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Abstract
Various heavymetal elements in the human body have been reported to be associatedwith dyslipidemia, hypertension, and diabetes.
The role of cobalt in these conditions is unclear. The current study aimed to investigate the association of blood cobalt concentrations
with dyslipidemia, hypertension, and diabetes.
Using the data collected from the National Health and Nutrition Examination Survey (2015-2018), we performed logistic regression

to explore the association of blood cobalt concentrations with total cholesterol (TC), low-density lipoprotein cholesterol (LDL-C), high-
density lipoprotein cholesterol (HDL-C), triglycerides, hypertension, and diabetes.
A total of 6866 adults were included in this study. Participants with higher blood cobalt levels appeared to be older and have a lower

body mass index and, were more likely to be female (P for trend< .05). After fully adjusting for demographic characteristics (Model 2),
compared with the lowest quartile, the highest quartile of blood cobalt concentrations had lower odds ratios (ORs) for elevated TC
[OR: 0.62, 95% confidential interval (CI): 0.53 to 0.72, P< .001], elevated LDL-C (OR: 0.65, 95% CI: 0.53-0.80, P< .001) and low
HDL-C (OR: 0.81, 95% CI: 0.69-0.96, P= .013). The adjusted ORs for elevated TC, elevated LDL-C and low HDL-C were negatively
correlated with increased blood cobalt concentrations (P for trend< .05). The adjusted ORs for hypertension and diabetes were not
associated with blood cobalt concentrations (P> .05 and P for trend> .05).
In conclusion, higher blood cobalt concentrations were associated with a lower risk of dyslipidemia. However, blood cobalt

concentrations were not associated with the risk of hypertension or diabetes.

Abbreviations: BMI = body mass index, CI = confidential interval, HDL-C = high-density lipoprotein cholesterol, LDL-C = low-
density lipoprotein cholesterol, NHANES = National Health and Nutrition Examination Survey, OR = odds ratio, SBP = systolic blood
pressure, TC = total cholesterol, TGs = triglycerides.
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1. Introduction

Dyslipidemia, hypertension, and diabetes are major modifiable
risk factors for cardiovascular disease, which is the leading cause
of death in many countries.[1,2] Heavy metal elements have
functional roles that are essential for various physiological and
biochemical activities in the body. Several studies have reported
the association of circulating heavy metal element concentrations
with dyslipidemia, hypertension, and diabetes. Kim reported that
higher blood cadmium levels were associated with an increased
risk of low high-density lipoprotein cholesterol (HDL-C).[3]

Huang et al[4] found that higher circulating selenium levels are
associated with an increased risk of dyslipidemia. Cho’s research
indicated the potential association between mercury exposure
and the risk of hypercholesterolemia in male adolescents.[5] Two
studies suggested that exposure to lead can cause arterial
hypertension.[6,7] Bastola et al[8] found a positive association
between serum selenium levels and hypertension. A recent study
reported decreased serum irisin levels as a potential marker for
the diagnosis of gestational diabetes mellitus.[9] The association
of heavy metal elements with dyslipidemia, hypertension, and
diabetes has attracted extensive interest and attention.
Cobalt, a naturally occurring element, is a hard, gray metal that

is found in rocks, soil, water, plants, and even the human body.[10]

Cobalt is an essential component of vitaminB12, which is required
for the development and function of various tissues and organs,
including the brain, nerves, and cellular metabolism.[11–13] Cobalt
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wasused as a foamstabilizer in beer and to treat anemia in the early
1960s.[10,14] Regardless of its advantages, a high level of cobalt
causes damage to the human body.[15] Excessive cobalt levels can
result in visual changes, peripheral neuropathy, hearing loss,
hypothyroidism, and cancer.[14,16,17] It was reported that the
release of cobalt to the bloodstream from cobalt-containing hip
prostheses may cause systemic toxicity.[18,19] Environmental
exposure as well as cobalt hip prostheses may cause an increase
in blood cobalt levels.
The associations of blood cobalt concentrations with dyslipi-

demia, hypertension, and diabetes are still unclear. A new set of
data on the concentrations of cobalt in adults in the USwas issued
in June 2020 by the National Health and Nutrition Examination
Survey (NHANES). The aim of the present study was to
investigate the association of blood cobalt concentrations with
dyslipidemia, hypertension, and diabetes in the adult US
population by using the 4-year data from NHANES (2015-
2018).
2. Materials and methods

2.1. Study population

The data from the official NHANES website (https://www.cdc.
gov/nchs/nhanes/) for the years 2015 to 2018 were used for the
present study. NHANES is an ongoing survey designed to assess
the health and nutritional status of adults and children in the
United States. The detailed survey protocol of NHANES has been
published previously.[20] The NHANES protocol was approved
by the National Center for Health Statistics Research Ethics
Review Board, and informed consent was obtained from all
participants.
2.2. Survey data

Participants with cobalt and lipid data were included (n=6866).
Demographic characteristics of the participants, including age,
gender, body mass index (BMI), education level, race, family
poverty-income ratio and smoking status, were collected. Clinical
data, such as blood pressure, total cholesterol (TC), low-density
lipoprotein cholesterol (LDL-C), HDL-C, triglycerides (TGs),
hypertension, diabetes and history of medication use, including
antihypertensive drugs, hypoglycemic drugs, and lipid-lowering
drugs, were extracted.
2.3. Definitions

Hypertension was defined as systolic blood pressure (SBP) ≥140
mm Hg, diastolic blood pressure ≥90mm Hg, or the use of
antihypertensive medication. Diabetes was defined as fasting
glucose>110mg/dl, hemoglobin A1c (HbA1c)>6.5% or a
history of diabetes. High TC levels were defined as levels
>200mg/dl. High LDL-C levels were defined as levels >130mg/
dl. Low HDL-C levels were defined as levels <40mg/dl in males
and <50mg/dl in females. High TG levels were defined as levels
>150mg/dl.

2.4. Cobalt measurement

The concentrations of cobalt inwhole blood specimens are directly
measured using inductively coupled plasma mass spectrometry.
Examined participants aged 40years and older were eligible. The
lower limit of detection for cobalt was 0.06mg/l.
2

2.5. Statistical analysis

The results are presented as the mean± standard deviation for
continuous variables or as the percentage for categorical
variables. We compared these results according to the quartiles
of blood cobalt concentrations. Comparisons of categorical
variables were performed by Pearson chi-square tests, and
continuous variables were compared by one-way ANOVA. Odds
ratios (ORs) and 95% confidence intervals (CIs) for dyslipidemia
were estimated by binary logistic regression analysis using the
lowest quartile as the reference. Model 1 was adjusted for age,
gender, and BMI. Model 2 was fully adjusted for age, sex, BMI,
education level, race, family poverty-income ratio, smoking
status and lipid-lowering drug therapy. P< .05 was considered to
indicate statistically significant differences. Statistical analysis
was performed using IBM SPSS software, version 20 (IBM Corp,
Armonk, NY).
3. Results

3.1. Baseline characteristics

The current study included 6866US adults aged 40years or older.
The demographic characteristics of quintile blood cobalt levels
are presented in Table 1. Age, gender, BMI, education level, and
race of different blood cobalt level groups were significantly
different (all P< .05). Participants with higher blood cobalt levels
appeared to be older, to be more likely to be female and to have a
lower BMI (P for trend< .05). The family poverty-income ratio
and smoking status were not significantly different between
groups (P> .05).
The clinical characteristics according to the quintiles of blood

cobalt levels are presented in Table 2. The SBP, diastolic blood
pressure, TC level, LDL-C level, HDL-C level, TG level,
proportion of elevated TC, proportion of elevated LDL-C, and
proportion of elevated TGs values of different groups divided
according to blood cobalt levels were significantly different (all
P< .05). The proportion of low HDL-C in different groups was
not significantly different (P> .05). Participants with higher
blood cobalt levels appeared to have lower TC levels, lower LDL-
C levels, higher HDL-C levels, and higher proportions of elevated
TC, elevated LDL-C, low HDL-C and elevated TGs (P for
trend< .05).
3.2. Association between blood cobalt concentrations and
dyslipidemia

The adjusted ORs and 95% CIs for the associations between
quintiles of cobalt concentrations and dyslipidemia from binary
logistic regression models are shown in Table 3. After adjusting
for age, gender and BMI (model 1), compared with the lowest
quartile, the highest quartile of blood cobalt concentrations had a
lower OR of elevated TC (OR: 0.64, 95% CI: 0.55-0.74,
P< .001) and elevated LDL-C (OR: 0.64, 95% CI: 0.53-0.78,
P< .001). The adjusted ORs for elevated TC, elevated LDL-C,
and low HDL-C were negatively correlated with increased blood
cobalt concentrations (P for trend <.001). The adjusted ORs for
elevated TGs were not significantly correlated with increased
blood cobalt concentrations (P= .598).
After fully adjusting for demographic characteristics (model 2),

compared with the lowest quartile, the highest quartile of blood
cobalt concentrations had a lower OR of elevated TC elevated
TC (OR: 0.62, 95% CI: 0.53-0.72, P< .001), elevated LDL-C
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Table 1

Demographic characteristics by quintile blood cobalt levels among the participants.

Q1 Q2 Q3 Q4
Cobalt quartiles (mg/l) All �0.12 0.13-0.14 0.15-0.18 ≥0.19 P value P for trend

Number 6866 1931 1418 1792 1725
Age (yrs), mean±SD 60.3±12.0 58.1±11.2 60.0±11.4 61.4±11.6 61.7±13.2 <.001 <.001
Male, n (%) 3333 (48.5%) 1202 (62.2%) 749 (52.8%) 788 (44.0%) 594 (34.4%) <.001 <.001
BMI, mean±SD 30.0±6.9 30.3±6.7 30.1±6.8 29.8±6.9 29.7±7.2 .015 .002
Education level, n (%) .046 .414
<High school 849 (12.4%) 220 (11.4%) 182 (12.9%) 248 (13.9%) 199 (11.5%)
High school 2364 (34.5%) 706 (36.6%) 467 (33.3%) 618 (34.6%) 573 (33.2%)
>High school 3640 (53.1%) 1002 (52.0%) 765 (54.1%) 921 (51.5%) 952 (55.2%)

Race, n (%) <.001 .284
Non-Hispanic White 2442 (35.6%) 646 (33.5%) 492 (34.7%) 618 (34.5%) 686 (39.8%)
Hispanic/Mexican 1822 (26.5%) 553 (28.6%) 379 (26.9%) 476 (26.6%) 414 (24.0%)
Non-Hispanic Black 1491 (21.7%) 480 (24.9%) 302 (21.3%) 352 (19.6%) 357 (20.7%)
Other 1111 (16.2%) 252 (13.1%) 245 (17.3%) 346 (19.3%) 268 (15.5%)

Family poverty-income ratio, n (%) .510 .574
<1.0 1144 (18.9%) 325 (18.9%) 234 (18.8%) 282 (18.0%) 303 (20.1%1021)
1-4.99 3781 (62.6%) 1087 (63.2%) 762 (61.2%) 994 (63.3%) 938 (62.2%)
≥5 1118 (18.5%) 307 (17.9%) 250 (20.1%) 295 (18.8%) 266 (17.7%)

Smoking, n (%) .439 .085
Non-smoker 3744 (54.6%) 1021 (52.9%) 762 (53.9%) 1015 (56.6%) 946 (54.9%)
Ex-smoker 1950 (28.4%) 564 (29.2%) 406 (28.7%) 491 (27.4%) 489 (28.4%)
Current-smoker 1165 (17.0%) 344 (17.8%) 247 (17.5%) 286 (16.0%) 288 (16.7%)

BMI = body mass index, SD = standard deviation.

Table 2

Clinical characteristics by quintile blood cobalt concentration categories among the participants.

Q1 Q2 Q3 Q4
Cobalt quartiles (mg/l) All �0.12 0.13-0.14 0.15-0.18 ≥0.19 P value P for trend

Number 6866 1931 1418 1792 1725
SBP (mm Hg), mean±SD 131.0±19.7 129.4±18.1 131.2±19.0 132.1±20.2 131.3±21.3 <.001 .002
DBP (mm Hg), mean±SD 72.3±12.1 73.0±11.8 73.1±12.1 72.3±12.1 70.7±12.2 <.001 <.001
TC (mg/dl), mean±SD 192.8±42.4 194.2±42.2 195.2±41.4 194.6±42.5 187.3.3±43.0 <.001 <.001
LDL-C (mg/dl), mean±SD 110.2±37.0 113.5±36.4 112.5±35.8 111.0±37.1 104.2±37.9 <.001 <.001
HDL-C (mg/dl), mean±SD 54.2±17.2 51.8±16.1 53.2±16.8 54.7±17.4 57.1±17.8 <.001 <.001
TGs (mg/dl), mean±SD 142.07±111.0 137.9±93.4 148.6±129.7 150.2±108.3 131.5±111.5 <.001 .219
Hypertension, n (%) <.001 <.001
Yes 3871 (57.4%) 1024 (53.9%) 789 (56.5%) 1055 (60.2%) 1003 (59.4%)
No 2868 (42.6%) 877 (46.1%) 607 (43.5%) 698 (39.8%) 686 (40.6%)

Diabetes, n (%) .270 .135
Yes 2263 (33.0%) 667 (34.5%) 468 (33.0%) 565 (31.5%) 563 (32.7%)
No 4602 (67.0%) 1264 (65.5%) 950 (67.0%) 1227 (68.5%) 1161 (67.3%)

Elevated TC, n (%) <.001 <.001
Yes 2770 (40.4%) 802 (41.5%) 630 (44.5%) 743 (41.5%) 595 (34.5%)
No 4093 (59.6%) 1129 (58.5%) 786 (55.5%) 1048 (58.5%) 1130 (65.5%)

Elevated LDL-C, n (%) <.001 <.001
Yes 1315 (27.1%) 335 (29.1%) 315 (30.7%) 386 (27.6%) 279 (22.0%)
No 3531 (72.9%) 818 (70.9%) 710 (69.3%) 1014 (72.4%) 989 (78.0%)

Low HDL-C, n (%) .095 .020
Yes 2056 (30.0%) 602 (31.2%) 440 (31.1%) 536 (29.9%) 478 (27.7%)
No 4807 (70.0%) 1329 (68.8%) 976 (68.9%) 1255 (70.1%) 1247 (72.3%)

Elevated TGs, n (%) <.001 .018
Yes 1591 (32.0%) 371 (31.4%) 363 (34.3%) 522 (36.2%) 335 (26.0%)
No 3376 (68.0%) 811 (68.6%) 694 (65.7%) 919 (63.8%) 952 (74.0%)

Antihypertensive drugs .021 .034
Yes 2771 (40.4%) 732 (37.9%) 571 (40.3%) 769 (42.9%) 699 (40.5%)
No 4095 (59.6%) 1199 (62.1%) 847 (59.7%) 1023 (57.1%) 1026 (59.5%)

Hypoglycemic drugs .366 .137
Yes 1187 (17.3%) 345 (17.9%) 261 (18.4%) 298 (16.6%) 283 (16.4%)
No 5679 (82.7%) 1586 (82.1%) 1157 (81.6%) 1494 (83.4%) 1442 (83.6%)

Lipid lowering drugs .035 .024
Yes 2037 (29.7%) 523 (27.1%) 438 (30.9%) 549 (30.6%) 527 (30.6%)
No 4829 (70.3%) 1408 (72.9%) 980 (69.1%) 1243 (69.4%) 1198 (69.4%)

DBP = diastolic blood pressure, HDL-C = high-density lipoprotein cholesterol, LDL-C = low-density lipoprotein cholesterol, SBP = systolic blood pressure, SD = standard deviation, TC = total cholesterol.
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Table 3

Adjusted odds ratios and 95% confidence intervals for the association between quintiles of cobalt and dyslipidemia by binary logistic
regression models.

Quartile blood cobalt levels

Dyslipidemia
measure

Q1
�0.12 (n=1931)

Q2
0.13-0.14 (n=1418)

Q3
0.15-0.18 (n=1792)

Q4
≥0.19 (n=1725)

P for
trend

Elevated TC
OR(95% CI), P
Model 1 1(reference) 1.10 (0.96-1.27), P= .187 0.92 (0.80-1.05)

P= .222
0.64 (0.55-0.74)

P< .001
<.001

Model 2 1(reference) 1.11 (0.95-1.29)
P= .196

0.91 (0.78-1.05)
P= .205

0.62 (0.53-0.72)
P< .001

<.001

Elevated LDL-C
OR (95% CI), P
Model 1 1(reference) 1.07 (0.89-1.29)

P= .496
0.91 (0.76-1.09)

P= .289
0.64 (0.53-0.78)

P< .001
<.001

Model 2 1(reference) 1.10 (0.90-1.35)
P= .353

0.92 (0.75-1.11)
P= .378

0.65 (0.53-0.80)
P< .001

<.001

Low HDL-C
OR (95% CI), P
Model 1 1(reference) 1.02 (0.88-1.19)

P= .799
0.98 (0.84-1.14)

P= .805
0.88 (0.75-1.02)

P= .091
<.001

Model 2 1(reference) 0.94 (0.79-1.11)
P= .434

0.89 (0.76-1.04)
P= .137

0.81 (0.69-0.96)
P= .013

.011

Elevated TGs
OR (95% CI), P
Model 1 1(reference) 1.21 (1.01-1.45)

P= .039
1.38 (1.17-1.63)

P< .001
0.89 (0.74-1.07)

P= .206
.598

Model 2 1(reference) 1.12 (0.92-1.37)
P= .242

1.23 (0.92-1.37)
P= .126

0.83 (0.68-1.01)
P= .056

.059

Model 1 adjusted for age, gender and BMI; Model 2 adjusted for age, sex, BMI, education level, race, family poverty-income ratio, smoking status and lipid lowering drugs.
BMI = body mass index, CI = confidential interval, HDL-C = high-density lipoprotein cholesterol, LDL-C = low-density lipoprotein cholesterol, OR = odds ratio, TC = total cholesterol, TGs = triglycerides.

Table 4

Adjusted odds ratios and 95% confidence intervals for the
association between quintiles of cobalt and hypertension by
binary logistic regression models.

Variable
Adjusted
odds ratio

95% confidence
intervals P value

Cobalt
Q1 1(reference)
Q2 0.97 0.82-1.14 .679
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(OR: 0.65, 95% CI: 0.53-0.80, P< .001) and low HDL-C (OR:
0.81, 95% CI: 0.69-0.96, P= .013). The adjusted ORs for
elevated TC, elevated LDL-C, and low HDL-C were negatively
correlated with increased blood cobalt concentrations (P for
trend< .05). However, the adjusted ORs for elevated TGs were
not significantly correlated with increased blood cobalt
concentrations.
These results showed that a higher blood cobalt concentration

was associated with a lower risk of elevated TC, elevated LDL-C,
and low HDL-C.
Q3 1.10 0.94-1.29 .228
Q4 1.04 0.88-1.23 .629
P for trend .354
Age 1.08 1.07-1.08 <.001
Female 1.00 0.88-1.13 .973
BMI 1.08 1.07-1.09 <.001
Race
Non-Hispanic White 1(reference)
Hispanic/Mexican 0.92 0.78-1.07 .281
Non-Hispanic Black 2.40 2.03-2.84 <.001
Others 1.45 1.21-1.73 <.001
Education
<High school 1(reference)
High school 1.03 0.84-1.28 .756
>High school 0.90 0.73-1.11 .320

Family poverty-income ratio,
<1.0 1(reference)
1-4.99 0.83 0.71-0.98 .025
3.3. Association between blood cobalt concentrations and
hypertension

The adjusted ORs and 95% CIs for the associations between
quintiles of cobalt concentrations and hypertension obtained
from logistic regression models are shown in Table 4. Compared
with Q1, the adjusted OR of Q2 was 0.97 (95% CI: 0.82-1.14,
P= .679), that of Q3 was 1.10 (95%CI: 0.94-1.29, P= .228) and
that of Q4 was 1.04 (95% CI: 0.88-1.23, P= .629). The adjusted
ORs for hypertension were not significantly associated with
increased blood cobalt concentrations (P for trend= .354). These
results indicated that blood cobalt concentrations were not
associated with the risk of hypertension.
≥5 0.72 0.59-0.89 .002
Smoke
Non-smoker 1(reference)
Ex-smoker 1.09 0.95-1.25 .232
Current-smoker 1.17 0.99-1.38 .072

BMI = body mass index.
3.4. Association between blood cobalt concentrations and
diabetes

The results from the logistic regression model of diabetes are
summarized in Table 5. Compared with Q1, the adjusted OR of
4



Table 5

Adjusted odds ratios and 95% confidence intervals for the
association between quintiles of cobalt and diabetes by binary
logistic regression models.

Variable
Adjusted
odds ratio

95% confidence
intervals P value

Cobalt
Q1 1(reference)
Q2 0.86 0.71-1.01 .140
Q3 0.88 0.72-1.03 .167
Q4 0.91 0.77-1.07 .233
P for trend .196
Age 1.04 1.04-1.05 <.001
Female 0.60 0.53-0.68 <.001
BMI 1.09 1.08-1.10 <.001
Race
Non-Hispanic White 1(reference)
Hispanic/Mexican 1.65 1.40-1.94 <.001
Non-Hispanic Black 1.31 1.18-1.55 <.001
Others 1.87 1.56-2.26 <.001
Education
<High school 1(reference)
High school 0.81 0.67-0.99 .035
>High school 0.71 0.58-0.87 <.001

Family poverty-income ratio
<1.0 1(reference)
1-4.99 0.86 0.74-1.01 .060
≥5 0.77 0.63-0.95 .015

Smoke
Non-smoker 1(reference)
Ex-smoker 1.02 0.89-1.17 .808
Current-smoker 0.96 0.81-1.14 .635

BMI = body mass index.
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Q2 was 0.86 (95% CI: 0.71-1.01, P= .140), that of Q3 was 0.88
(95% CI: 0.72-1.03, P= .167) and that of Q4 was 0.91 (95% CI:
0.77-1.07, P= .233). The adjusted ORs for diabetes were not
significantly associated with increased blood cobalt concen-
trations (P for trend= .196). These results suggested that blood
cobalt concentrations were not associated with the risk of
diabetes.
4. Discussion

In the present study, higher blood cobalt concentrations were
associated with decreased ORs of dyslipidemia, including
elevated TC, elevated LDL-C, and low HDL-C. To our
knowledge, this is the first study to indicate that higher blood
cobalt concentrations are associated with a lower risk of
dyslipidemia. There are no other clinical studies or animal
experiments investigating the correlation between blood cobalt
levels and lipid profiles. Cobalt residing at the center of cobalt-
corrinoid complexes is essential for the synthesis of vitamin
B12.[21] Cobalt supplementation could increase vitamin B12
levels in dairy cows and goats.[22,23] A previous study suggested
that vitamin B12 deficiency is associated with dyslipidemia.[24,25]

We propose that a higher level of cobalt could increase the
vitamin B12 level in humans, similar to that in animals, and
consequently decrease the risk of dyslipidemia. This hypothesis
could at least partly explain the finding of the current study that
higher blood cobalt concentrations were associated with
decreased ORs of dyslipidemia. Investigating the association
5

between cobalt levels and vitamin B12 levels in humans will help
to test our hypothesis. In Vladov’s study, the serum LDL-C and
TG levels of cobalt-exposed mice were significantly increased,
while TC levels remained unchanged.[26] These results in animal
experiments are not consistent with our findings. Further
research is needed to confirm the correlation between cobalt
levels and lipid profiles.
Hypertension is one of the prominent risk factors for

cardiovascular and cerebrovascular disease.[27] Associations
between heavy metal element levels and hypertension have been
a hot topic in recent years. Bastola’s research demonstrated that
serum selenium levels were positively associated with hyperten-
sion, but serum zinc and copper levels were not.[8] Vinceti et al[28]

found a positive association between SBP and both serum and
hair selenium levels but not nail selenium levels. Lead, mercury,
zinc, cadmium, and other heavy metal levels in the blood were
found to correlate with blood pressure.[29–31] In the present study,
no association was observed between blood cobalt concen-
trations and hypertension. Linna et al[32] compared the blood
pressure of cobalt-exposed workers with nonexposed workers;
no significant difference was found. These results are consistent
with our findings. However, cobalt levels correlated with
hypertension in some other studies. Xu et al[33] found the
highest risk of hypertension in women with the highest airborne
cobalt concentrations. Lower maternal serum cobalt concen-
trations in the second trimester may be associated with the
incidence of pregnancy-induced hypertension.[34] Shiue’s study
demonstrated that urinary cobalt levels positively correlated with
higher blood pressure.[35] Further study is needed to elucidate the
association between blood cobalt concentrations and hyperten-
sion.
Patients with type 2 diabetes are considered to be at a high risk

for cardiovascular disease.[36] Increasing heavy metal element
levels have been reported to be associated with diabetes.
Pitchika’s study suggested that serum ferritin concentrations
were associated with a higher prevalence of T2DM, which was
explained by ferritin-induced hepatic dysfunction.[37] A recent
study indicated that serum chromium levels showed a significant
negative correlation with fasting glucose levels and hemoglobin
A1c levels in type 2 diabetic patients.[38] Torkian et al[39] reported
that copper levels in patients with diabetes were higher than those
in nondiabetic Iranian populations. In the current study, the trend
of adjusted ORs for diabetes was not significantly correlated with
increased blood cobalt concentrations, indicating that there is no
association between blood cobalt concentrations and diabetes.
These results were consistent with the results of Liu’s study.[40]

They compared the cobalt levels in the hyperglycemia group with
those in the normal glucose group, and no significant difference
was found.
In the current study, the mean ages of the quartiles showed an

increasing trend (P for trend< .001). A possible explanation for
this observation could be the accumulation of cobalt in the body
with age. This result is inconsistent with the results of Chang’s
study.[41] Chang investigated the relationship between age and
the concentrations of several elements, including cobalt, in
human bone and blood, and found no clear correlation between
age and the concentrations of cobalt in blood and bone.
However, the sample size of their study was too small. More data
are needed to confirm our findings.
The quartile with higher blood cobalt concentrations had a

lower BMI in the present study (P for trend< .001). Heavy metal
elements might contribute to obesity by affecting energy
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production, carbohydrate tolerance, and other metabolic
processes.[42] Knez et al[43] found that plasma Zn levels were
positively associated with obesity. However, deficiencies of
chromium, copper, iron, and magnesium could increase
adiposity.[44–46] Padilla’s study revealed significant inverse
associations between cadmium, cobalt, cesium, and lead levels
and BMI, and these results were consistent with our findings.[47]

Heavy metal levels in males and females may be different. Li
et al[48] reported that serum selenium was also lower in females
than in males. The zinc concentrations in whole blood and serum
in males are slightly higher than those in females.[49] The
proportions of males in Q1, Q2, Q3, and Q4 were 62.2%,
52.8%, 44.0%, and 34.4%, respectively. We first reported that
higher cobalt concentrations were more likely to occur in females
(P for trend< .001).
Although it recruited a nationally representative sample from

the general population, this study has several limitations. First,
because of the cross-sectional nature of the NHANES, the
association between blood cobalt concentrations and dyslipide-
mia may not imply a causal relationship. Second, due to the lack
of data on vitamin B12, many interesting analyses could not be
carried out in the present study. Third, we could not distinguish
between type 1 diabetes and type 2 diabetes in this study. Fourth,
although this study included adjustment for many factors, the
results of this study may have been affected by some included
factors, such as preexisting disease and alcohol consumption.
Fifth, to our knowledge, this is the first study about the possible
association of blood cobalt concentrations with dyslipidemia.
The underlying mechanisms are still not well understood. Future
prospective studies are warranted to confirm the association of
blood cobalt concentrations with dyslipidemia.

5. Conclusions

In conclusion, higher blood cobalt concentrations were associat-
ed with a lower risk of dyslipidemia, mainly due to a decrease in
the risk of elevated TC, elevated LDL-C and low HDL-C. Blood
cobalt concentrations are not associated with the risk of
hypertension or diabetes. Further study is needed to elucidate
the causal relationship between blood cobalt concentrations and
dyslipidemia and reveal the underlying mechanism.
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