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Abstract

Selenium is an essential trace element closely related to human health; however, the relationship between blood selenium
levels, diabetes, and heart failure remains inconclusive. Therefore, this study aimed to explore the relationship between blood
selenium levels and the prevalence of diabetes as well as heart failure in American general adults aged 20 years or older.
This study utilized data from four survey cycles from NHANES 2011-2020 pre. Blood selenium levels were considered as
both a continuous variable and quartiles, and logistic regression was employed to investigate the associations between blood
selenium levels with diabetes and heart failure. Nonlinear relationships were examined by restricted cubic spline regression.
The analysis included a total of 16311 participants aged 20 years or older. After adjustment for all potential confounder, we
found when the blood selenium levels increased by 10 ug/L, the average risk of diabetes increased by 4.2% (95% CI: 1.5%,
7.0%), and the average risk of heart failure decreased by 5.0% (95% CI: 0.1%, 9.8%). In addition, compared with the lowest
reference group, blood selenium levels were significantly positively associated with risk of diabetes in participants in the
fourth quartile (OR=1.458, 95% CI: 1.173, 1.812), while significantly negatively associated with the risk of heart failure in
participants in the second, third and fourth quartiles (Q2, OR=0.677,95% CI: 0.471, 0.974) (Q3, OR=0.609, 95% CI: 0.426,
0.870) (Q4, OR=0.653, 95% CI: 0.443,0.961). There was a nonlinear and reverse L-shaped association between blood sele-
nium and diabetes, while a negative dose-response association between blood selenium and heart failure. Furthermore, the
association between blood selenium levels and heart failure was more pronounced in participants with poor glycemic control,
rather than diabetic patients. High blood selenium levels may be positively related to diabetes, while low blood selenium
levels may be associated to heart failure. Appropriate blood selenium levels may help prevent diabetes and heart failure.
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Introduction

Diabetes, a chronic metabolic disease, is typified by hyper-
glycemia that may cause damage to various organs systems.
In 2021, the global prevalence of diabetes among people
aged 20-79 years was estimated to be 10.5% (equivalent
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that poor glycemic control was closely associated with an
increased risk of heart failure [3, 4]. Heart failure, the final
stage of numerous cardiovascular diseases, is a clinical syn-
drome resulting from abnormal cardiac structure or function,
predominantly due to blood circulation disruptions [5]. This
non-fatal cardiovascular disease affects approximately 64
million individuals globally and its incidence is expected to
surge with population aging and improved diagnostic tech-
niques [6]. Consequently, heart failure poses a significant
threat to human life expectancy and health, as well as plac-
ing a heavy burden on healthcare systems. Therefore, it is
crucial to clarify the potential risk factors and detrimental
effects of diabetes and heart failure.

Selenium is an essential trace element for humans and
is integral to the function of glutathione peroxidase [7]. In
organisms, selenium primarily exists in different organic and
inorganic compounds. Its health impacts can vary based on
factors such as dietary intake, environmental exposure, and
metabolic status [8]. In recent years, studies on the relation-
ship between selenium and diabetes and heart failure have
gradually increased, but different biomarkers were used and
the results have been inconsistent. While certain research
suggests that excessive selenium accumulation in the body
is positively correlated with type 2 diabetes [9], other stud-
ies find no significant associations [10]. Moreover, it has
been observed that serum selenium is U-shaped related to
all-cause and cardiovascular disease mortality [11]. It is also
worth noting that the association between selenium status
and disease may also vary among different populations [12].
Selenium deficiency has been linked to higher all-cause mor-
tality rates and hospital readmissions for heart failure (HR
1.23; 95% CI 1.06-1.42) [13]. Given these varying results,
there is a pressing need for comprehensive research on the
impact of selenium on diabetes and heart failure.

However, the existing evidence on the relationship
between blood selenium levels, diabetes, and heart failure
remains inconclusive and requires further investigation. To
address this knowledge gap, we utilized data from National
Health and Nutrition Examination Survey (NHANES)
2011-2020 pre to investigated the associations between
blood selenium levels with diabetes and heart failure in
general American adults aged 20 years and over. We also
explored the associations between different participants,
identified high-risk groups, which could provide more pre-
cise references for diabetes and heart failure prevention.

Method
Data Source and Study Population

The NHANES survey, conducted by the American National
Center for Health Statistics biennially since 1999, aimed to
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collect health and nutritional information about the civil-
ian population using a stratified, complex, multi-stage, and
probabilistic approach. However, the onset of the COVID-
19 pandemic in March 2020 compromised the representa-
tiveness of the data from that period. To address this, data
from 2019 to March 2020 were combined with data from
the NHANES 2017-2018 cycle to create a nationally rep-
resentative sample of NHANES 2017-March 2020 pre-pan-
demic data [14, 15]. Participants in the survey are assigned
specific weights based on their sampling probabilities and
non-response rates to ensure accurate representation of the
population. This approach facilitates the identification of
meaningful survey results and enhances the validity and
reliability of the collected data. In this study, we included
all adults aged 20 years or older who participated NHANES
2011-2012, 2013-2014, 2015-2016, and 2017-March 2020
surveys, with blood selenium concentrations being recorded
since 2011. Ethical review was conducted for the survey
procedures by the Centers for Disease Control and Preven-
tion (CDC) and all subjects provided informed consent. All
methods employed in this study were conducted in strict
accordance with relevant guidelines and regulations, please
refer to the NHANES dataset introduction for more details
(https://www.cdc.gov/nchs/nhanes/index.htm).

A total of 45462 subjects were initially included in the
analysis. Participants were excluded based on the lack of
glycohemoglobin (HbAIc) and blood selenium concentra-
tions data (N=23107). Next excluded participants under the
age of 20 and those with missing covariates data, such as
education level, high-density lipoprotein cholesterol (HDL-
C), serum cotinine, body mass index (BMI), systolic blood
pressure and serum uric acid (N=5861). Then excluded
those who were pregnant (N=154) and heart failure defi-
ciency (N=29). Eventually, 16311 subjects were included
in the analysis (Fig. 1).

Blood Selenium Level Measurements

The biomarkers used to evaluate selenium status of the body
include blood (whole blood, plasma, or serum), toenails,
hair, and urine. In this study, we adopted the whole blood
selenium as one of the best indicators for evaluating short-
and-medium-term selenium exposure in the human body.
Compared to other indicators, it provides a more precise rep-
resentation of the aggregate selenium concentration. Addi-
tionally, it enables a comprehensive assessment of selenium
distribution within different cellular components, enriching
our understanding of how selenium is distributed and uti-
lized in the organism. Moreover, whole blood selenium is
less susceptible to external factors, enhancing its reliability
and robustness as a biomarker for assessing selenium status
[10, 16].
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Fig. 1 Sample selection flow-
chart

Records included (N=45462):
NHANES 2011-2012 (N=9756); NHANES 2013-2014 (N=10175);
NHANES 2015-2016 (N=9971); NHANES 2017-2020pre (N=15560).

Records excluded:

v

Glycohemoglobin missing (N=16611);
Blood selenium missing (N=6496).

N=22355

A 4 missing (N=5861).

Records excluded:

Education level, HDL cholesterol, Serum

\4

Cotinine, Body mass index, Systolic

Blood pressure and Serum uric acid

N=16494

Records excluded:
Pregnant (N=154);

\4

Heart failure missing (N=29).

N=16311

To ensure the accuracy and reliability of the results, rig-
orous quality assurance and quality control standards were
followed for testing all laboratory samples in this study.
Blood samples were collected and stored appropriately at
a frozen temperature of -20°C until they were transported
to the American National Center for Environmental Health
for analysis. To carry out a uniform distribution of cellu-
lar components, the whole blood samples were diluted by
combining 1 part sample + 1 part water + 48 parts of dilu-
ent, which consisted of substances such as Tetramethylam-
monium hydroxide (TMAH, 0.4% v/v), Triton X-100TM
(0.05%), Ammonium pyrrolidine dithiocarbamate (APDC,
0.01%), ethanol (1%), etc. These diluents served several
functions, including releasing selenium bound to red blood
cells, reducing ionization suppression by the biological
matrix, preventing clogging of the sample introduction sys-
tem pathways, and facilitating the introduction of internal
standards for analysis. The selenium concentrations in whole
blood samples were determined using inductively coupled
plasma mass spectrometry (ICP-DRC-MS). This method
used methane (CH4, 99.999%) as the reaction gas to mini-
mize multi-atomic interference during analysis and detect

the strength of the 3°Se™ ion. The limit of detection (LOD)
for blood selenium concentration was 24.48 pg/L [10, 17].

Outcomes

Diabetes was defined as (1) self-report of diabetes, currently
taking glucose-lowering drugs, or using insulin; (2) fasting
plasma glucose >126 mg/dL (7.0 mmol/L); and (3) glyco-
hemoglobin (HbAlc) >6.5% [18]. Heart failure was defined
as self-reported diagnosis of congestive heart failure by a
doctor or other healthcare professional.

Covariates

NHANES was conducted according to established protocols
and trained personnel. The selection of covariates for this
study was based on relevant literature, including factors such
as age, gender, race, education level, PIR, tobacco exposure,
BMLI, physical activity, alcohol consumption, hypertension,
hyperuricemia, total cholesterol (TC), HDL-C, albumin, cre-
atinine, blood urea nitrogen (BUN) levels and heart failure/
HbAlc[9, 11, 12, 19].
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Tobacco exposure was determined by serum cotinine
greater than 1ng/ml [20]. Participants were identified as
physical activity if they participated in moderate or vigorous
intensity activities (including recreational and work activi-
ties). Alcohol consumption was characterized as an average
intake of greater than or equal to 2 alcoholic beverages per
day for the past 12 months. Hypertension was clarified as
self-reported hypertension, taking antihypertensive medica-
tion, or having a systolic blood pressure >140 mmHg and/or
a diastolic blood pressure >90 mmHg [21]. Hyperuricemia
was described as serum uric acid > 416 pmol/L (7.0 mg/dL)
in men or > 357 pmol/L (6.0 mg/dL) in women [22]. High
total cholesterol was elucidated as total cholesterol > 5.173
mmol/L (200 mg/dl) [23]. Poor glycemic control was defined
as HbAlc >7% [24].

Statistical Analysis

Given the intricate and multi-stage sampling design of
the NHANES, which includes nonresponse and oversam-
pling, all analyses were performed using the weights from
the blood selenium subsample [14]. Since PIR and alcohol
consumption may be potential factors affecting glucolipid
metabolism [25], multiple interpolation was employed to fill
in the missing values of PIR and alcohol variables.

Descriptive statistics were used to summarize non-nor-
mally distributed continuous covariates through weighted
median (weighted interquartile range), while categorical
variables were presented with frequency (weighted per-
centages). To compare participants based on blood selenium
levels, we applied the Kruskal-Wallis H test for continuous
variables and the y” test for categorical ones.

Weighted multivariate logistic regression models were
employed to estimate the odds ratio (OR) and the corre-
sponding 95% confidence interval (CI) for the prevalence
of diabetes or heart failure based on quartiles of blood sele-
nium concentrations. Quartile-transformed blood selenium
concentrations served as rank variables to explore the lin-
ear trend effect. When blood selenium was regarded as a
continuous variable, OR and its 95% CI were reported for
each 10 pg/L increment in the blood selenium levels. Both
models were adjusted for covariates, model 1 was adjusted
for demographic characteristics, including age, gender, race,
education level and PIR. Model 2 was further adjusted for
serum cotinine, BMI, physical activity, alcohol, hyperten-
sion. Model 3 was further adjusted for hyperuricemia, TC,
HDL-C, albumin, creatinine, BUN, and further adjusted
heart failure for diabetes and HbA1c for heart failure.

To investigate the potential nonlinear relationship
between blood selenium levels and the risk of develop-
ing diabetes or heart failure, restricted cubic spline (RCS)
regression models with four nodes (5th, 35th, 65th, and 95th
percentile) were developed in addition[26]. We employed
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the likelihood ratio test to determine whether the relation-
ship was non-linear, with P 4,0, jineariry < 0-05 indicated a
non-linear relationship.

To access the potential modifying effects of diabetes and
poor glycemic control, subgroup analysis was performed
to explore the associations between blood selenium lev-
els and heart failure. Additionally, an interaction term was
introduced into the models to examine potential interac-
tion effects between blood selenium levels and covariates.
Subsequently, subgroup analysis was conducted to evaluate
interaction and the potential modifying effects of various
important factors, including age, gender, education level,
PIR, tobacco exposure, BMI, physical activity, alcohol con-
sumption, hypertension, hyperuricemia, high total choles-
terol (and heart failure) on the association of blood selenium
levels with diabetes and heart failure [21, 27].

We conducted sensitivity analyses by adjusting for differ-
ent covariates to test the robustness of our results. Sequen-
tially, we excluded in turn the individuals those were taking
selenium supplements, those aged over 80 years, interpo-
lated data, as well as those who were currently taking glu-
cose-lowering drugs or insulin.

All statistical analyses were performed using R software
(version 4.2.1, https://www.r-project.org/). The level of sta-
tistical significance was set at P<0.05 for the two-sided test,
and significance level of P<0.10 was used to determine the
presence of interaction effects.

Results
Characteristics of the Participants

Table 1 summarized the baseline characteristics of the study
participants categorized by quartiles of blood selenium lev-
els. The analysis included a total of 16311 participants, with
a median age of 48.00 [33.00, 61.00] years, and 49.2% of
them were males. The weighted median (IQR) concentration
of blood selenium was 191.62 (176.96, 207.22) pg/L, with a
detection rate of Se was 100.00%. Among the participants,
there were 3107 patients with diabetes, with a weighted
prevalence of 14.3%, and 537 patients with heart failure,
with a weighted prevalence of 2.4%. Males (P<0.001),
Non-Hispanic White and other race individuals (P<0.001),
those with PIR>3.5 (P=0.006), without tobacco exposure
(P<0.001), hyperuricemia (P=0.010), high total cholesterol
levels (P<0.001), lower HDL-C levels (P=0.001), and poor
glycemic control (P=0.006) were more likely to have higher
blood selenium concentrations. There was no significant
difference in the prevalence of diabetes among participants
with different blood selenium levels (P=0.114). In contrast,
the prevalence of heart failure was higher among partici-
pants in the first quartile of blood selenium levels (P<0.001).
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Table 1 Characteristics of study participants by quartiles of blood selenium levels

Characteristics Overall Ql (<176.96pg/L) Q2 (176.96- Q3 (191.62- Q4 (>207.22pg/L) P
191.62pg/L) 207.22pg/L)
Age/[M(Q1,Q3)] * 48.00 [33.00, 61.00] 48.00 [33.26, 63.00] 47.00 [33.00, 61.00] 47.00 [33.00, 60.00] 48.00 [34.00, 61.00] 0.121
Gender/n (%) <0.001
Male 8138(49.2) 2162(43.5) 1998(47.5) 1949(51.3) 2029(54.5)
Female 8173(50.8) 2666(56.5) 2056(52.5) 1798(48.7) 1653(45.5)
Race/n (%) <0.001
Mexican American  1991(8.3) 480(7.3) 540(8.8) 481(8.7) 490(8.5)
Other Hispanic 1722(6.5) 576(8.2) 447(6.8) 381(6.1) 318(5.1)
Non-Hispanic 6115(65.7) 1706(62.5) 1479(64.8) 1471(67.6) 1459(67.9)
White
Non-Hispanic Black 3883(10.8) 1446(14.1) 962(11.2) 805(9.6) 670(8.2)
Other Race 2600(8.7) 620(7.8) 626(8.4) 609(8.0) 745(10.3)
Education level/n 0.002
(%) *
Less than 9th grade 1384(4.7) 442(5.8) 325(4.5) 301(4.5) 316(4.2)
9-11 grade 1927(8.5) 639(10.0) 489(8.1) 408(7.9) 391(8.0)
High school or 3705(23.0) 1178(25.2) 909(23.6) 836(21.9) 782(21.4)
equivalent
Some college or AA 5128(31.7) 1482(29.0) 1302(33.0) 1195(32.6) 1149(32.2)
degree
College or above 4167(32.0) 1087(30.0) 1029(30.8) 1007(33.0) 1044(34.2)
PIR/n (%) * 0.006
<1.30 5091(21.5) 1678(24.7) 1219(20.4) 1098(20.2) 1096(20.6)
1.31-3.49 6083(35.5) 1764(35.3) 1519(35.7) 1428(35.9) 1372(35.2)
>3.50 5137(43.0) 1386(39.9) 1316(43.9) 1221(43.9) 1214(44.2)
Serum cotinine/n (%) <0.001
<1.00 ng/ml 11755(73.1) 3288(69.9) 2918(72.1) 2762(74.7) 2787(75.8)
>1.00 ng/ml 4556(26.9) 1540(30.1) 1136(27.9) 985(25.3) 895(24.2)
BMI/n (%) * 0.004
<25.00 4541(27.8) 1429(31.0) 1103(27.6) 1028(26.6) 981(26.0)
25.00-29.99 5256(33.2) 1444(30.7) 1306(33.5) 1207(32.9) 1299(35.8)
>30.00 6514(39.0) 1955(38.3) 1645(39.0) 1512(40.5) 1402(38.2)
Physical activity/n 0.044
(%)
No 5063(25.6) 1641(27.9) 1254(25.7) 1076(24.4) 1092(24.7)
Yes 11248(74.4) 3187(72.1) 2800(74.3) 2671(75.6) 2590(75.3)
Alcohol consumption 0.902
n (%)
No 6350(36.9) 1898(36.3) 1557(36.9) 1456(37.6) 1439(36.8)
Yes 9961(63.1) 2930(63.7) 2497(63.1) 2291(62.4) 2243(63.2)
Hypertension/n (%) 0.300
No 9291(62.9) 2673(62.7) 2345(64.1) 2187(63.6) 2086(61.1)
Yes 7020(37.1) 2155(37.3) 1709(35.9) 1560(36.4) 1596(38.9)
Hyperuricemia/n (%) 0.010
No 13215(82.2) 3966(84.0) 3296(82.1) 3049(82.7) 2904(80.0)
Yes 3096(17.8) 862(16.0) 758(17.9) 698(17.3) 778(20.0)
High total <0.001
cholesterol/n (%)
No 10433(62.6) 3487(71.4) 2599(64.3) 2353(62.1) 1994(52.8)
Yes 5878(37.4) 1341(28.6) 1455(35.7) 1394(37.9) 1688(47.2)
Diabetes/n (%) 0.114
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Table 1 (continued)

Characteristics Overall Q1 (<176.96pg/L) Q2 (176.96- Q3 (191.62- Q4 (>207.22pg/L) P
191.62pg/L) 207.22pg/L)

No 13204(85.7) 3900(85.5) 3331(86.7) 3044(86.7) 2929(84.2)
Yes 3107(14.3) 928(14.5) 723(13.3) 703(13.3) 753(15.8)

Poor glycemic 0.006
control/n (%)
No 15011(94.6) 4479(94.8) 3778 (95.5) 3443 (94.8) 3311 (93.2)
Yes 1300(5.4) 349 (5.2) 276 (4.5) 304 (5.2) 371 (6.8)

Heart failure/n (%) <0.001
No 15774(97.6) 4592(96.2) 3930(97.9) 3662(98.2) 3590(98.1)
Yes 537(2.4) 236(3.8) 124(2.1) 85(1.8) 92(1.9)

TC/[mmol/L, 4.86 [4.19, 5.56] 4.63 [4.03, 5.30] 4.84 [4.16, 5.53] 4.86 [4.24, 5.59] 5.12 [4.42,5.90] <0.001
M(QL,Q3)]*

HDL-C/[mmol/L, 1.32[1.09, 1.63] 1.37[1.11, 1.66] 1.34[1.11, 1.63] 1.29 [1.09, 1.60] 1.29 [1.06, 1.58] 0.001
M@QLQ3)1*

Albumin/[g/dL, 4.30 [4.00, 4.50] 4.20 [3.90, 4.40] 4.30 [4.00, 4.50] 4.30 [4.10, 4.50] 4.30 [4.10, 4.60] <0.001
M(@QL,Q3)1*

Creatinine/[mg/dL,  0.85 [0.72, 0.99] 0.84[0.71, 0.99] 0.84 [0.72, 0.99] 0.85[0.72, 0.99] 0.85[0.72, 0.99] 0.233
M@Q1L,Q3)]*

BUN/[mg/dL, 13.00 [11.00, 17.00] 13.00 [11.00, 17.00] 14.00 [11.00, 17.00] 13.00[11.00, 17.00] 13.00 [11.00, 16.00] 0.538
M(@QL,Q3)]*

M (Q1, Q3), Weighted Median (the weighted 25th percentiles, the weighted 75th percentiles); n (%), number (weighted percentage); a, Kruskal-

Wallis H test; Bold formatting indicated statistically significant differences

PIR ratio of family income to poverty, BMI body mass index, TC total cholesterol, HDL-C high-density lipoprotein cholesterol, BUN blood urea

nitrogen, FPG fasting plasma glucose, HbAIc glycohemoglobin

Associations of Blood Selenium Levels with Diabetes

Blood selenium levels were significantly positively asso-
ciated with risk of diabetes in participants in the fourth
quartile compared to those in the first quartile (OR=1.458,
95% CI: 1.173, 1.812), with a significant positive trend
observed even after adjusting for all potential confound-
ers (P for trend=0.001). Each 10ug/L increase in blood
selenium levels was associated with a 4.2% (95% CI:

Table 2 Associations of blood selenium levels with diabetes

1.5%, 7.0%) increase in the risk of diabetes (Table 2). RCS
regression revealed a significant non-linear positive dose-
response and reverse L-shaped association between blood
selenium levels and risk of diabetes (P 1 <0.001, P
non-linear=0-001, Fig. 2A).

Models were adjusted for age, gender, race, education
level, PIR, serum cotinine, BMI, physical activity, alco-
hol, hypertension, hyperuricemia, TC, HDL-C, albumin,
creatinine, BUN, heart failure/HbAlc.

overal

Selenium Q1 (<176.96pg/L) Q2 (176.96-191.62ug/L) Q3 (191.62-207.22pg/L) Q4 (>207.22pg/L) P for trend OR (95% CI) for
per 10pg/L incre-
ment

Median,ug/L.  166.22 184.50 198.96 220.33

Modell ref(1.000) 0.992(0.822,1.198) 1.044(0.869,1.254) 1.248(1.028,1.515)  0.020 1.023(0.996,1.050)

Model2 ref(1.000) 0.980(0.800,1.200) 1.008(0.833,1.220) 1.243(1.013,1.525) 0.034 1.024(0.997,1.053)

Model3 ref(1.000) 1.030(0.841,1.262) 1.092(0.893,1.336) 1.444(1.164,1.791) 0.001 1.041(1.014,1.069)

Model4 ref(1.000) 1.043(0.849,1.280) 1.103(0.902,1.350) 1.458(1.173,1.812) 0.001 1.042(1.015,1.070)

OR (95% CI) were calculated with the multivariate logistic regression model; Bold formatting indicated statistically significant differences

Model 1 was adjusted for demographic characteristics, including age, gender, race, education level and PIR. Model 2 was further adjusted for
serum cotinine, BMI, activity, alcohol, hypertension. Model 3 was further adjusted for hyperuricemia, TC, HDL-C, albumin, creatinine, BUN.
Model 4 was further adjusted for heart failure

Test for trend based on weighted median blood selenium levels for each quantile
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A Diabetes Risk

2.01 P for overall<0.0001
=~ P for nonlinear=0.0014
Q
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B Heart Failure Risk

34 P for overall=0.0149
P for nonlinear=0.0525

OR (95%Cl)
N
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100

200 300
Selenium, pg/L

Fig.2 Restricted cubic spline regression between associations of blood selenium levels with diabetes and heart failure. Note: (A), diabetes; (B),

heart failure

Associations of Blood Selenium Levels with Heart
Failure

As presented in Table 3, overall, we found a negative asso-
ciation between blood selenium levels and the risk of heart
failure in all three models, with the risk of heart failure
decreasing as blood selenium levels increased (P for trend
=0.021). In model 3, compared to participants in the first
quartile, blood selenium levels were significantly negatively
associated with the risk of heart failure in participants in
the second, third and fourth quartiles (Q2, OR=0.677, 95%
CI: 0.471, 0.974) (Q3, OR=0.609, 95% CI: 0.426, 0.870)
(Q4, OR=0.653, 95% CI. 0.443, 0.961). For every 10ug/L
increase in blood selenium levels, the risk of heart failure
decreased by an average of 5.0% (95% CI: 0.1%, 9.8%). The
RCS regression showed a negative dose-response relation-
ship between blood selenium levels and risk of heart failure
(P ,=0.015, P =0.053, Fig. 2B).

overal non-linear

Subgroup Analysis

As shown in Table 4, in model 1 and model 2, blood sele-
nium levels were negatively associated with the risk of heart
failure whether grouped by diabetes and poor glycemic con-
trol. However, after further adjustment for hyperuricemia,
TC, HDL-C, albumin, creatinine, BUN, and HbAlc, this

Table 3 Associations of blood selenium levels with heart failure

association was no longer significant. Model 3 showed that
compared to the first quartile, the risk of heart failure was
lowest in diabetic patients at the second quartile (OR=0.597,
95% CI: 0.373, 0.955), in non-diabetic patients at the third
quartile level (OR=0.567, 95% CI: 0.327, 0.983), and in
poor glycemic control participants at the third quartile level
(OR=0.540, 95% CI.0.286,0.987). Furthermore, the asso-
ciation between blood selenium levels and heart failure was
more pronounced in participants with poor glycemic control,
rather than diabetic patients (P for interaction =0.085).

Subgroup analysis showed the association between diabe-
tes and high blood selenium levels was more obvious in par-
ticipants with tobacco exposure (P for interaction=0.082),
alcohol consumption (P for interaction=0.003) and nor-
mal total cholesterol (P for interaction<0.001). Table S1
showed that compared to the first quartile, the risk of diabe-
tes increased significantly when the blood selenium levels
were in the fourth quartile for participants of those aged
20-59, those aged>60, male, female, high school education
level or below, above high school education level, those with
PIR>3.5, without tobacco exposure, BMI>30.0, physically
inactive, alcohol consumption, hypertensive, non-hyper-
uricemic, normal total cholesterol, and non-heart failure
(Table S1).

Table S2 showed that the association between heart
failure and blood selenium levels was more significant in

Selenium Q1 (<176.96pg/L) Q2 (176.96-191.62pg/L) Q3 (191.62-207.22pg/L) Q4 (>207.22pg/L) P for trend per 10pg/L increment
Modell  ref(1.000) 0.629(0.451,0.876) 0.568(0.406,0.796) 0.582(0.395,0.856) 0.005 0.926(0.878,0.978)
Model2  ref(1.000) 0.622(0.437,0.886) 0.557(0.398,0.781) 0.568(0.376,0.857) 0.005 0.926(0.875,0.979)
Model3  ref(1.000) 0.677(0.471,0.974) 0.609(0.426,0.870) 0.653(0.443,0.961) 0.021 0.950(0.902,0.999)

OR(95% CI) were calculated with the multivariate logistic regression model; Bold formatting indicated statistically significant differences

Model 1 was adjusted for demographic characteristics, including age, gender, race, education level and PIR. Model 2 was further adjusted for
serum cotinine, BMI, physical activity, alcohol, hypertension. Model 3 was further adjusted for hyperuricemia, TC, HDL-C, albumin, creatinine,

BUN, HbAlc

Test for trend based on weighted median blood selenium levels for each quantile
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Table 4 Associations of blood selenium levels with heart failure in diabetes (yes or no) and poor glycemic control (yes or no)

Selenium Pfor  per 10pg/L P for
trend  increment interaction
Q1 Q2 (176.96- Q3 (191.62- Q4 (>207.22pg/L)
(<176.96pg/L)  191.62pg/L) 207.22pg/L)
Modell
Diabetes 0.579
No ref(1.000) 0.658(0.406,1.065) 0.503(0.291,0.870) 0.546(0.345,0.864) 0.007  0.915(0.846,0.989)
Yes ref(1.000) 0.588(0.385,0.897) 0.631(0.380,1.048) 0.562(0.297,1.065) 0.088  0.925(0.855,1.000)
Poor glycemic 0.036
control
No ref(1.000) 0.705(0.481,1.034)  0.582(0.369,0.918) 0.663(0.432,1.020) 0.044  0.942(0.889,0.999)
Yes ref(1.000) 0.548(0.318,0.920) 0.441(0.246,0.762) 0.393(0.224,0.668) <0.001 0.877(0.812,0.944)
Model2
Diabetes 0.657
No ref(1.000) 0.672(0.404,1.115)  0.505(0.289,0.880) 0.550(0.334,0.906) 0.011  0.918(0.846,0.995)
Yes ref(1.000) 0.555(0.355,0.867) 0.606(0.361,1.017) 0.541(0.285,1.030) 0.075  0.924(0.854,0.999)
Poor glycemic 0.065
control
No ref(1.000) 0.686(0.458,1.028) 0.566(0.359,0.894) 0.640(0.405,1.010) 0.038  0.940(0.885,0.998)
Yes ref(1.000) 0.605(0.347,1.030) 0.501(0.276,0.880) 0.457(0.257,0.791) 0.003  0.900(0.832,0.969)
Model3
Diabetes 0.615
No ref(1.000) 0.758(0.452,1.273) 0.567(0.327,0.983) 0.679(0.414,1.112) 0.068  0.953(0.888,1.023)
Yes ref(1.000) 0.597(0.373,0.955) 0.646(0.368,1.134) 0.600(0.333,1.081) 0.115  0.940(0.871,1.016)
Poor glycemic 0.085
control
No ref(1.000) 0.753(0.494,1.147)  0.641(0.403,1.020) 0.764(0.498,1.172) 0.154  0.969(0.920,1.020)
Yes ref(1.000) 0.695(0.389,1.213)  0.540(0.286,0.987) 0.569(0.307,1.031) 0.040  0.927(0.853,1.002)

OR(95% CI) were calculated with the multivariate logistic regression model; Bold formatting indicated statistically significant differences

Model 1 was adjusted for demographic characteristics, including age, gender, race, education level and PIR. Model 2 was further adjusted for
serum cotinine, BMI, physical activity, alcohol, hypertension. Model 3 was further adjusted for hyperuricemia, TC, HDL-C, albumin, creatinine,

BUN, HbAlc

Test for trend based on weighted median blood selenium levels for each quantile

Test for interaction between blood selenium levels (continuous) and covariates

those with normal total cholesterol (P for interaction<0.10)
(Table S2). Participants with blood selenium levels in the
first quartile group were associated with an increased risk of
heart failure among those aged 60 years or older, those with
less than high school education, PIR >3.5, without tobacco
exposure, BMI>30.0, alcohol consumption or not, hyper-
tension or not, non-hyperuricemic, and those with normal
and high total cholesterol. In contrast, after adjusting for
confounders, participants in the second or third quartile of
blood selenium had the lowest risk of heart failure.

Sensitivity Analysis
The results of the sensitivity analysis showed the robust-
ness of our findings in the original model (Table S3). We

sequentially excluded participants taking selenium sup-
plements, participants aged 80 years and older, those with

@ Springer

missing PIR data, those with missing alcohol consumption,
those currently using insulin, and those currently taking
glucose-lowering medication, and blood selenium levels
were all positively associated with the risk of diabetes. Then,
we sequentially excluded participants with blood selenium
levels greater than 400, and participants aged 80 years and
older, all of whom had a negative association between blood
selenium levels and heart failure (Q2, Q3, Q4 vs Ql1, respec-
tively) (Table S4).

Discussion

This study, leveraging data from NHANES 2010-2020 pre,
was the first to probe the relationship between blood sele-
nium levels with diabetes and heart failure over the past
decade. It aimed to comprehensively clarify the association
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across different subgroups to identify at-risk groups and
provide targeted prevention strategies for the development
of diabetes and heart failure, as well as providing a refer-
ence for subsequent studies. Our analysis revealed a positive
association between high blood selenium levels and diabe-
tes, particularly among individuals with tobacco exposure,
alcohol consumption, and normal total cholesterol levels.
Conversely, low blood selenium levels were associated with
heart failure, indicating that both excessively high and low
selenium levels may have adverse health consequences. Fur-
thermore, the association between blood selenium levels and
heart failure was more pronounced in participants with poor
glycemic control, rather than diabetic patients.

This study found a positive association between high
blood selenium levels and diabetes, which aligns with the
results reported by Moon S et al. [9] and Vinceti M et al.
[28]. Another study utilizing NHANES 2003-2004 data
demonstrated that elevated serum selenium concentrations
were linked to a higher prevalence of diabetes, as well as
increased fasting blood glucose and glycohemoglobin levels
[29]. A meta-analysis indicated that compared to an intake
level of less than 23 pg/day, 50 pg/day and 75 pg/day were
associated with a 50% (10%, 90%) and 90% (40%, 170%)
higher risk of diabetes, respectively [30]. A systematic
review and dose-response meta-analysis of non-experimen-
tal studies found that compared to 90 pg/L, blood/plasma/
serum selenium concentrations of 160 pg/L associated with
an increased risk of diabetes (OR=1.96, 95% CI: 1.27, 3.03)
[28]. Excessive accumulation of selenium in the body may
cause oxidative stress by interfering with cellular redox
processes [31, 32], which may directly or indirectly disrupt
insulin metabolism [33], leading to insulin resistance and an
increase the risk of diabetes mellitus. Moreover, it may also
affect glucose metabolism by impacting crucial regulators
of glycolysis and gluconeogenesis [34]. However, no signifi-
cant association between blood selenium levels and diabetes
was observed in the study by Barbara R Cardoso et al. [10].
This discrepancy may be due to different confounding fac-
tors masking the correlation.

Subgroup analysis revealed that the association between
high blood selenium levels and diabetes was more pro-
nounced in participants with tobacco exposure and alco-
hol consumption, corroborating findings from prior stud-
ies. The presence of harmful substances such as arsenic in
tobacco may chemically interact with selenium and impact
its expression and metabolism [35]. In an animal research,
excessive alcohol consumption was observed to reduce sele-
nium absorption and affected liver expression of selenopro-
teins [36]. Interestingly, our findings also indicated that the
association between high blood selenium levels and diabetes
was more pronounced in those with normal total choles-
terol, similar to the results of a Mendelian randomization
study [37]. The plausible hypothesis was that elevated total

cholesterol masked the deleterious effects of aberrant blood
selenium concentrations, or that anomalous selenium lev-
els played a role in lipid metabolism. However, the precise
mechanisms warranted further exploration.

We observed that low blood selenium levels were associ-
ated with heart failure, which is consistent with the results of
the BIOSTAT-CHF cohort study [38] and Yang L et al. [39].
A meta-analysis showed the standard mean deviation (SMD)
of selenium levels in heart failure patients were significantly
lower than the healthy control group (SMD=-0.98, 95% CI:
-1.34, -0.62) [39]. In vitro experiments demonstrated that
selenium supplementation increased cardiac superoxide
dismutase 2 (SOD2), glutathione peroxidase (Gpx) and
glutathione (GSH) levels and SOD activity, while reduc-
ing apoptosis [40]. Furthermore, selenium insufficiency in
cultured human cardiomyocytes potentially compromised
mitochondrial efficiency and oxidative phosphorylation and
amplified intracellular reactive oxygen species, intensifying
oxidative stress and inflammation [13].

The association between blood selenium levels and heart
failure was more pronounced in participants with poor glyce-
mic control, rather than diabetic patients, which stressed the
importance of controlling blood glucose levels for the whole
population, especially for diabetic patients. People with poor
blood glucose control are more likely to experience micro-
circulation disorders, oxidative stress, and inflammatory
damage. Such conditions could compromise the structural
integrity of myocardial cells, rendering them more vulner-
able to diminished blood selenium concentrations [41, 42].

However, it is also possible that elevated or reduced sele-
nium levels could be both a cause and an outcome of the
disease that further aggravates the condition [43]. The exact
mechanism behind this relationship needs to be confirmed
through higher hierarchy of evidences. In future research, it
is important to consider more detailed disease staging and
account for factors such as medication use, disease history,
comorbidities, in order to obtain more accurate evidence.
Assessment of risk factors for diabetes and heart failure
should include consideration of blood selenium levels
along with traditional risk factors. For individuals with suf-
ficient selenium levels, blind selenium supplementation is
not recommended and should only be done under medical
guidance.

Limitations and Strengths

This study has several strengths. Firstly, we took advantage
of NHANES 2011-2020 pre data, with weights taken into
account in the analysis, allowing for a more accurate repre-
sentation of the general US adult population. This provides
a valuable reference point for assessing the relationship
between blood selenium levels and diabetes and heart failure
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in the general US adult population over the past decade.
Secondly, we conducted detailed subgroup analysis and
introduce interaction terms to clarify high-risk populations.
Thirdly, considering both heart failure and blood glucose
control simultaneously may provide a more accurate reflec-
tion of the actual situation.

There are several limitations to this study. Firstly, the
cross-sectional design of the study limited the ability to
interpret the causal relationship between blood selenium
levels and diabetes and heart failure. Secondly, the use of
self-reported heart failure may have biased the results and
the type and severity of heart failure were not specifically
studied. Thirdly, the focus was solely on the living diseased
population, omitting the deceased, which could lead to sur-
vivorship bias. Fourthly, pertained exclusively to the general
American adults, potentially restricting the generalizability
of our findings. Finally, other potential confounding factors
such as dietary intake and medication usage were not con-
sidered in the analysis.

Conclusion

The findings of the study suggested that there may be a posi-
tive correlation between high blood selenium levels and dia-
betes, as well as a negative association between low blood
selenium levels and heart failure, indicating that both high
and low levels of selenium may have negative effects on the
body. Furthermore, the association between blood selenium
levels and heart failure was more pronounced in participants
with poor glycemic control, rather than diabetic patients.
Based on these results, it is recommended that individuals
should avoid tobacco exposure, reduce alcohol consumption,
regularly monitor their blood glucose levels, and maintain
appropriate blood selenium levels in order to minimize the
risk factors associated with diabetes and heart failure.
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