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Abstract

The association between dietary selenium intake and kidney stones remains unclear. The purpose of this study was to explore
the correlation between dietary selenium intake and kidney stones in older adults. A total of 6669 adults aged > 60 years who
had participated in the National Health and Nutrition Examination Survey (NHANES) during 2011-2018 were enrolled in
the current study. The correlation between dietary selenium intake and kidney stones was assessed by the logistic regression
analysis. Smooth curve fitting was used to explore the potential non-linear relationship and subgroup analyses were further
adopted. After adjustment for multiple confounding factors, the odds ratio (OR) with 95% confidence interval (CI) of kidney
stones for per standard deviation increment in dietary selenium intake was 0.92 (0.85, 1.00) overall. Compared with the
lowest quartile, the ORs (95% Cls) with increasing quartiles were 0.88 (0.71, 1.08), 0.82 (0.66, 1.02), and 0.79 (0.64, 0.97).
In addition, smooth curve fitting and stratified analyses showed that there was a non-linear and stable correlation between
dietary selenium intake and the occurrence of kidney stones respectively. For adults aged over 60, dietary selenium intake
was inversely correlated with kidney stones, and this relationship remained after adjusting for other confounding variables.
Further researches are needed to explore the potential mechanism between dietary selenium intake and kidney stones.
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Introduction

Kidney stone is a relatively prevalent disease worldwide.
In America, one in eleven people had ever suffered from
kidney stones on average, and in recent years, the incidence
rate of kidney stones has been increasing [1]. At the same
time, a striking feature of kidney stones is the high rate of
recurrence, up to 50% within 5 years [2]. The prevention of
kidney stones can not only enhance the quality of life but
also reduce the medical economic burden; therefore, it is
essential to further identify the risk factors for the disease.
Researches have revealed that kidney stones are correlated
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with many diseases, including obesity [3], diabetes [4], and
metabolic syndrome [5]. However, the etiology and patho-
genesis are not very clear. At present, it is well known that
the occurrence and development of kidney stones are asso-
ciated with inflammation and oxidative stress, which cause
injury to renal tubular epithelial cells [6, 7].

Selenium is an indispensable non-metallic element for
the human body with various physiological functions,
including anti-oxidation, anti-inflammation, and cleaning
up free radicals produced in the body [8, 9]. The inhibitory
function of selenium on the occurrence of kidney stones
can be found in animal models [10]. Meanwhile, it has been
found that compared with astragalus polysaccharides, sele-
nide astragalus polysaccharides have a stronger ability to
inhibit stone formation [11], and nano-selenium particles
have an obvious negative effect on the aggregation and
growth of CaOx crystals [12, 13]. Studies have found that
when oxalate crystals are released from damaged thyroid
epithelium and colloids, they can cause a series of inflam-
matory reactions, oxidative stress, and immune reactions
(macrophages around oxalate crystals can be observed)
[14, 15]. Selenium is a cofactor of many enzymes, and its
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synthetic selenoproteins (such as glutathione peroxidase
and thioredoxin reductase) play an active protective role in
Hashimoto disease, thyroiditis, and other diseases [8, 16,
17]. The formation of kidney stones is closely related to
the effect of oxalate crystals, so we speculate that selenium
intake may be closely related to the formation of kidney
stones. However, in large-scale studies, there are few stud-
ies focusing on the correlation between selenium intake and
kidney stones. Moreover, in elderly individuals, because
of their own physiological characteristics and low sele-
nium intake at ordinary times, selenium is easily deficient.
Thus, the purpose of this research was to investigate the
dose-response relationship between dietary selenium intake
and the occurrence of kidney stones in older adults by using
NHANES data from 2011 to 2018 while controlling for the
effect of confounders on outcomes to reduce error.

Methods
Study Population

NHANES is a large-scale survey with representative char-
acteristics of the US population, which aims to collect
health-related information on the population of American
households. The contents of the project from the NHANES
include family interviews and physical examinations. Mean-
while, the survey was conducted in the participants’ homes.
At present, NHANES data are continuously collected using
stratified multi-stage cluster sampling probability design,
and the data are released every 2 years. The NHANES study
was authorized by the US ethics committee, and all adults
were informed and provided relevant informed consent.

In this analysis, we collected four consecutive NHANES
2-year cycles (2011-2012, 2013-2014, 2015-2016,
2017-2018). There were 46,977 participants in NHANES
2011-2018. The exclusion criteria were described below:
(1) missing/unknown kidney stones (N=19,100); (2) miss-
ing/unknown dietary selenium intake (N =968); (3) miss-
ing/unknown blood selenium (N =6568); (4) age <60
(N=13,519); and (5) missing/unknown annual family
income (N=153). Eventually, 6669 participants in all were
included.

Study Variables and Outcome

The dietary intake data, which were collected in collabo-
ration with the United States Department of Agriculture
and the United States Department of Health and Human
Services, were used to estimate the amounts and types of
drinks and foods consumed in the 24 h prior to the inter-
view (midnight to midnight), and to estimate intakes of
nutrients, energy, and other components from those drinks

and foods. All participants from NHANES were eligible to
participate in two 24-h dietary recall interviews. The first
interview was collected in a face-to-face manner, and the
second interview was collected by phone inquiry after 3
to 10 days. Therefore, the average dietary selenium intake
from the two 24-h recalls was used in this analysis.

In this study, the definition of kidney stones was derived
from the participants’ self-reports. The main result of the
analysis was the answer to the following question: “Have you
ever had kidney stones?”” Participants who answered “yes” to
this question were thought to have a history of kidney stones.

In addition, we contained numerous covariates that might
affect the final result, involving age (>60), gender (male,
female), race (Mexican American/other races, non-Hispanic
White/Black), body mass index (BMI) (kg/mz), moderate
recreational activities (yes, no), diabetes (yes, no/unknown),
education (<high school, > high school), marital status (mar-
ried/living with partner, single/widowed/divorced/separated/
never married), hypertension (yes, no/unknown), annual family
income ($0-$19,999, $20,000-$34,999, > $34,999), smoking
(yes, no/unknown), and blood selenium (mcg/L). In addition, the
definition of hypertension and diabetes in all participants comes
from doctors’ self-diagnosis of hypertension and diabetes. For
more information on dietary selenium intake and the process
of measuring kidney stones, as well as the process of obtaining
other covariates, please visit www.cdc.gov/nchs/nhanes/.

Statistical Analysis

Continuous variables were represented by the mean and stand-
ard deviation, and categorical variables were represented by
count and percentage. Chi-square tests and 7 tests were used
for categorical variables and continuous variables respec-
tively to describe the baseline characteristics among differ-
ent dietary selenium intake groups. A multivariate logistic
regression model was constructed to estimate the correlation
between dietary selenium intake and kidney stones, which was
expressed by the ORs with 95% Cls. Model I was adjusted for
gender and age. Model II was additionally adjusted for race,
marital status, moderate recreational activities, education,
hypertension, diabetes, BMI, smoking, blood selenium, and
annual family income, with variables from model I. Smooth
curve fitting was used to describe the potential non-linear rela-
tionship between dietary selenium and kidney stones. In addi-
tion, to further evaluate the stability of the results, stratified
analyses were conducted according to the following variables:
gender, race, BMI, age, marital status, moderate recreational
activities, education, hypertension, diabetes, annual family
income, and smoking.

In this study, all analysis results were completed by the
statistical software packages R3.6.3 (http://www.r-project.org)
and Empower Stats (www.empowerstats.net).
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Results
Participant Characteristics

According to the aforementioned inclusion and exclusion
criteria, 6669 people in total were enrolled in the research.
The population characteristics of the quartile of the dietary
selenium intake are shown in Table 1. It was not difficult to
find from Table 1 that the average age of the participants was
69.9 years old, of which 50.13% were men, 32.55% were
Mexican American/other races, and 67.45% were non-His-
panic White/Black. Significant differences were identified in
age, race, gender, BMI, marital status, moderate recreational
activities, education, annual family income, smoking, and

blood selenium among dietary selenium intake quartiles,
except for hypertension and diabetes.

Dietary Selenium and Kidney Stones

In the multivariate logistic regression models, dietary selenium
intake was negatively correlated with kidney stones. Table 2
shows the ORs and 95% CIs of the three models. In model 1I,
each SD increase of dietary selenium intake caused an 8% addi-
tional risk after adjustment for race, age, BMI, gender, marital
status, moderate recreational activities, education, annual family
income, smoking, blood selenium, hypertension, and diabetes.
Additionally, in the present study, dietary selenium was divided
into quartiles, and by comparing with people in the first quartile

Table 1 Characteristics of the study population by categories of dietary selenium intake in NHANES 2011-2018

Characteristics Total Dietary selenium P value
Ql Q2 Q3 Q4

N 6669 1666 1665 1450 1888

Gender, N (%) <0.001
Male 3343 (50.13) 549 (32.95) 792 (47.57) 829 (57.17) 1173 (62.13)

Female 3326 (49.87) 1117 (67.05) 873 (52.43) 621 (42.83) 715 (37.87)

Age (years, mean + SD) 69.90+6.96 70.45+6.83 70.28 +7.01 69.22+6.98 69.60+6.96 <0.001

BMI (kg/m?, mean + SD) 29.14+6.36 29.37+6.47 29.33+6.53 29.08 +5.88 28.81+6.44 0.030

Race, N (%) <0.001
Mexican American/other races 2171 (32.55) 472 (28.33) 520 (31.23) 442 (30.48) 737 (39.04)

Non-Hispanic White/Black 4498 (67.45) 1194 (71.67) 1145 (68.77) 1008 (69.52) 1151 (60.96)

Marital status, N (%) <0.001
Married/living with partner 3764 (56.44) 805 (48.32) 941 (56.52) 869 (59.93) 1149 (60.86)
Single/widowed/divorced/separated 2498 (37.64) 861 (51.68) 724 (43.48) 581 (40.07) 739 (39.14)

Moderate recreational activities, N (%) <0.001
Yes 2326 (34.88) 568 (34.09) 550 (33.03) 574 (39.59) 634 (33.58)

No 4343 (65.12) 1098 (65.91) 1115 (66.97) 876 (60.41) 1254 (66.42)

Education, N (%) <0.001
< High school 1902 (28.52) 541 (32.47) 467 (28.05) 346 (23.86) 548 (29.03)
> High school 4767 (71.48) 1125 (67.53) 1198 (71.95) 1104 (76.14) 1340 (70.97)

Hypertension, N (%) 0.186
Yes 4119 (61.76) 1053 (63.21) 1033 (62.04) 904 (62.34) 1129 (59.80)

No/Unknown 2550 (38.24) 613 (36.79) 632 (37.96) 546 (37.66) 759 (40.20)

Diabetes, N (%) 0.366
Yes 1734 (26) 428 (25.69) 444 (26.67) 354 (24.41) 508 (26.91)

No/Unknown 4935 (74) 1238 (74.31) 1221 (73.33) 1096 (75.59) 1380 (73.09)

Annual family income, N (%) <0.001
$0-$19,999 2028 (30.41) 595 (35.71) 482 (28.95) 398 (27.45) 553 (29.29)
$20,000-$34,999 1353 (20.29) 338 (20.29) 367 (22.04) 288 (19.86) 360 (19.07)
>$34,999 3288 (49.3) 733 (44.00) 816 (49.01) 764 (52.69) 975 (51.64)

Smoking, N (%) <0.001
Yes 3306 (49.57) 718 (43.10) 826 (49.61) 758 (52.28) 1004 (53.18)

No/Unknown 3363 (50.43) 948 (56.90) 839 (50.39) 692 (47.72) 884 (46.82)
Blood selenium (mcg/L, mean + SD) 192.62+31.84 190.40+40.61 193.59+27.77 193.12+27.48 193.34+29.33 0.012

SD, standard deviation; BMI, body mass index
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Table 2 Association between dietary selenium intake and kidney stones in different models
Dietary selenium (mcg/d) Crude model Model I Model II
OR (95% CI) P OR (95% CI) P OR (95% CI) P

Per SD increment 1.00 (0.93, 1.07) 0.944 0.93 (0.85, 1.00) 0.052 0.92 (0.85, 1.00) 0.048
Quartiles

Q1 (<101.25) 1.0 (ref.) 1.0 (ref.) 1.0 (ref.)

Q2 (101.25-116.40) 1.00 (0.82, 1.22) 0.995 0.90 (0.73, 1.10) 0.312 0.88 (0.71, 1.08) 0.216

Q3 (116.40-134.90) 0.97 (0.79, 1.20) 0.774 0.82 (0.66, 1.02) 0.075 0.82 (0.66, 1.02) 0.076

Q4 (> 134.90) 0.98 (0.80, 1.19) 0.822 0.80 (0.65, 0.98) 0.031 0.79 (0.64, 0.97) 0.023
Categories

Q1 (<101.25) 1.0 (ref.) 1.0 (ref.) 1.0 (ref.)

Q2-Q4 (>101.25) 0.98 (0.83, 1.16) 0.838 0.84 (0.71, 1.00) 0.045 0.83 (0.70, 0.98) 0.032
Categories

Q1-Q2 (<116.40) 1.0 (ref.) 1.0 (ref.) 1.0 (ref.)

Q3-Q4 (>116.40) 0.97 (0.84, 1.12) 0.717 0.86 (0.74, 0.99) 0.039 0.86 (0.74, 1.00) 0.047

Model I adjusted for age and gender

Model II adjusted for age, gender, race, marital status, moderate recreational activities, education, hypertension, diabetes, BMI, smoking, blood

selenium, and annual family income

of dietary selenium intake, the adjusted ORs in quartiles 2—4 were
0.88 (0.71, 1.08), 0.82 (0.66, 1.02), and 0.79 (0.64, 0.97) respec-
tively. Compared with participants in quartile 1, participants in
quartiles 2—4 had a prominently lower possibility of kidney stones
(OR: 0.83,95% CI: 0.70, 0.98). Meanwhile, compared with those
in quartiles 1-2, participants in quartiles 3—4 also had an obvi-
ously lower possibility of kidney stones (OR: 0.86, 95% CI: 0.74,
1.00). Additionally, with full adjustment of all covariates, we used
smooth curve fitting (Fig. 1) to depict a negative non-linear cor-
relation of dietary selenium intake with kidney stones, which was
consistent with the results described in Table 2.

Subgroup Analyses

We further adopted stratified analysis to assess whether the
correlation of dietary selenium intake with kidney stones was
stable in different subgroups (Fig. 2). After adjustment for
gender, race, BMI, age, marital status, moderate recreational
activities, education, hypertension, diabetes, annual family
income, and smoking, the above variables had no significant
interaction apart from stratified variables (all p >0.05).

Discussion

Kidney stone is a common disease, and the number of
people with nephrolithiasis has been on the rise, which
brings a heavy medical and health burden [2]. Identifying
the factors of stone formation is of great significance for
the prevention of kidney stones. In this retrospective study,
we first study the association of dietary selenium intake

with kidney stones based on the data from the 2011 to
2018 NHANES. After adjustment for gender, age, BMI,
race, marital status, physical activity, education, diabe-
tes, hypertension, annual family income, smoking, and
blood selenium, multivariate logistic regression showed
that dietary selenium intake played a protective role in the
occurrence of nephrolithiasis independently. Meanwhile,
the dose—response relationship showed that both of them
had a strong negative association in all participants after
adjusting for confounding variables. In different subgroup
analyses, the correlation of both, as we observed, was con-
sistent and stable.

Selenium is an indispensable non-metallic element for the
human body and is of great significance in energy metabo-
lism and gene expression [8, 18]. At the same time, selenium
has many biological functions, including anti-inflammation,
anti-oxidation, immune regulation, anti-aging [9, 19, 20].
Glutathione peroxidase, as the first selenium enzyme dis-
covered, can catalyze the biosynthesis of glutathione and
protect cell components such as cell membrane from oxi-
dative damage [17, 21]. In addition, glutathione reductase
is another selenium-containing enzyme, which maintains
an appropriate level of reduced glutathione to protect cells
from the accumulation and damage of hydrogen peroxide
[21, 22]. Selenium deficiency can lead to a series of chronic
metabolic diseases including atherosclerosis, hyperglycemia,
and hyperlipidemia [9]. A prospective cohort study in 589
elderly adults who were followed up for 4 years found that
selenium deficiency was related to impaired renal function.
Thus, selenium supplementation may give rise to a positive
effect on inflammation and oxidative stress, leading to signif-
icant improvements in renal function [23]. While, excessive
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Fig.1 The dose-response relationship between dietary selenium
intake and kidney stones. The solid line indicates the estimated risk
of kidney stones, and the dotted lines represent a 95% confidence
interval from the fit. Adjusted for age, gender, race, marital status,
moderate recreational activities, education, hypertension, diabetes,
BMI, smoking, blood selenium, and annual family income

dietary selenium intake will be toxic to the organism. The
recommended dietary intake of selenium is 55-79 pg/day

for adults. For children aged 4—13, the recommended dietary
selenium intake is 30—40 pg/day, while for pregnant or lac-
tating women, the recommended dose is 60 pg/day or more.
Meanwhile, the recommended daily dose of selenium also
varies by geographic region [21, 24]. Arsenic and cadmium
are common environmental pollutants. In daily life, long-
term exposure to arsenic and cadmium can damage a vari-
ety of tissues and organs including the kidney, which was
confirmed in a study using NHANES data sets [25]. Sele-
nium, because of its unique biological function, can protect
the kidney from arsenic and cadmium [26, 27]. Sardarab-
adi et al. found that selenide nanoparticles had an obvious
inhibitory effect on the deposition and aggregation of CaOx
crystals using transmission electron microscopy and energy-
dispersive X-ray analysis [12]. In addition, another study
also found that compared with astragalus polysaccharides,
selenide astragalus polysaccharides had a stronger ability
to inhibit the formation of CaOx crystals and protect cells
from COM damage [11]. All mentioned above suggest that
selenium has a positive effect on the inhibition of stone for-
mation, which coincides with the results of our study.
Dietary recommendations are related to the type of kid-
ney stones. As for calcium oxalate stones, patients should
try to avoid eating foods with high oxalic acid content, and
should limit the excessive use of animal protein [28, 29]. For
patients with uric acid stones, reducing the intake of high

N  OR(95% Cl) P-interaction

Fig.2 Subgroup analyses Subgroups

for the relationship between Gender

dietary selenium intake and Male
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Race

adjusted for season of age,
gender, race, marital status,
moderate recreational activi-
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purine foods such as animal viscera may be a better choice.
Patients with cystine calculi should try to avoid foods rich in
methionine and increase the intake of plant protein and vege-
tables [30]. Regardless of the type of kidney stones, increas-
ing fluid intake is an important measure to prevent stone
formation. In addition, dietary supplement is also closely
associated with the occurrence of kidney stones. Due to the
very narrow physiological supplement window of selenium,
it is easy to lead to selenium deficiency or excess. Therefore,
whether to supplement selenium needs reasonable and wise
choices [21]. Generally, selenium deficiency is more likely
to occur than selenium excess. Selenium deficiency will
have adverse effects on the nervous system, cardiovascular
system, and immune system. Therefore, it is very necessary
to supplement selenium regularly. Studies have shown that
the large-scale use of selenium yeast can help reduce the
lack of this element caused by the low selenium diet [21,
22]. At the same time, selenium polysaccharide, which has
the characteristics of lower toxicity, higher bioavailability,
and controllable release, can be used as a potential selenium
supplement in the next generation [31]. When the selenium
supplement is excessive, especially when taking several sup-
plements at the same time, it is prone to selenium poison-
ing symptoms. In case of acute selenium poisoning, it is
prone to respiratory distress, ataxia, diarrhea, vomiting, and
other symptoms. And chronic selenium poisoning is prone
to fatigue, depression, garlic smell in breathing, hair loss,
and other symptoms [31, 32]. Meanwhile, for people tak-
ing drugs, the therapeutic effect of drugs may be weakened.
Therefore, dietary supplements should be used in modera-
tion to avoid unnecessary adverse effects.

At present, the specific mechanism between dietary sele-
nium levels and the occurrence of kidney stones is not very
clear. Many studies have shown that inflammation and oxi-
dative stress may be the main mechanisms of kidney stone
formation [7, 33, 34]. The antioxidant activity of selenium
may be one of the mechanisms, which is mainly reflected
in the active center of selenoprotein [9, 19], and seleno-
protein, as a strong antioxidant protein, plays a beneficial
role in many diseases [35-37]. It has been reported that
selenium deficiency can induce apoptosis through both
endogenous and exogenous pathways, namely the mitochon-
drial apoptotic pathway induced by oxidative stress and the
death receptor pathway induced by inflammatory signals
[38]. Moreover, in a rat model of renal injury, we found
that selenium could protect the kidney from apoptosis and
oxidative stress by inhibiting endoplasmic reticulum stress
[39]. This may be part of the mechanism between dietary
selenium level and the occurrence of kidney stones. Our
research provided potential consequences for the correlation
of dietary selenium with kidney stones. Dietary selenium
may restrain the occurrence of nephrolithiasis by reducing
oxidative stress.

There are some strengths in our research. Primarily, this
research contained a considerable number of people who
can represent the characteristics of the national population.
In addition, the dose—response analysis was used to estimate
the relationship between dietary selenium intake and kidney
stones. Furthermore, we also conducted a related subgroup
analysis which was the advantage of the study. Meanwhile,
some limitations should also be noted. First, this is a cross-
sectional survey that cannot determine the causal correlation
of dietary selenium with the occurrence of kidney stones.
Second, although we included as many potential confound-
ing factors as possible, there were still unmeasurable con-
founding factors, which might impact the accuracy of the
conclusion. For example, the information on whether the
patients were taking drugs and in what doses, concentra-
tions, times, etc. are unavailable. Finally, due to the limited
information retrieved from the NHANES database, the infor-
mation related to the composition of kidney stones was not
included in this research. Therefore, the difference in dietary
selenium intake between the classification of renal stones
and normal subjects cannot be described and compared.

Conclusion

Uncovering the relationship between dietary selenium intake
and kidney stones provides a fine opportunity to reduce
stone disease and health care costs, and ultimately improve
health outcomes in older patients. Our study showed that in
this nationally representative cross-sectional survey of US
residents, dietary selenium intake was inversely associated
with kidney stone risk in older adults over 60 years, and this
relationship persisted after adjusting for other confounding
variables. Further longitudinal studies are needed to deter-
mine the potential relationship between dietary selenium
intake and kidney stones.
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