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Abstract: The relationship between distinct dietary selenium intake and type 2 diabetes (T2D) is
still a topic of uncertainty. This study examined the relationship between dietary selenium intake
and T2D risk among middle-aged and older Chinese adults. Dietary selenium intake was assessed
through three 24 h recalls, using data from the China Health and Nutrition Survey. To investigate the
relationship and the potential dose–response pattern between selenium intake and the likelihood of
developing T2D, we employed both the restricted cubic spline analysis and the Cox proportional
hazards model as our analytical tools. A cohort of 5970 participants aged ≥ 50 years was followed
for an average of 5.44 years. The results revealed a V-shaped correlation between selenium intake
and T2D risk, with the lowest risk observed at approximately 45 µg/day. Below this level, the risk
decreased with an increasing selenium intake, while the risk increased between 45 and 100 µg/day.
No significant association was found beyond 100 µg/day. These findings suggest that both low and
high selenium consumption may increase T2D risk, highlighting the importance of maintaining a
balanced selenium intake for T2D prevention.

Keywords: dietary selenium intake; type 2 diabetes; middle-aged and older adults; China

1. Introduction

Type 2 diabetes (T2D) continues to pose a significant public health challenge, repre-
senting a growing threat to global well-being. It is estimated that the number of adult
patients with diabetes in developed and developing countries will increase by 20% and
69%, respectively, from 2010 to 2030 [1]. According to the latest International Diabetes
Federation (IDF) report, nearly 783 million people will be diagnosed with diabetes world-
wide by 2045 [2]. The prevalence of diabetes among Chinese adults witnessed a notable
rise, escalating from 10.9% in 2013 to 12.4% in 2018 [3]. With the increasing aging of the
population in China, the prevalence of diabetes in the elderly has increased significantly.
According to the data of the International Diabetes Alliance in 2019, the number of elderly
patients (≥65 years old) with diabetes in China is about 35.5 million, ranking first in the
world, accounting for 1/4 of the global elderly patients with diabetes, and showing an
upward trend [4]. In addition to genetics, exercise, and environmental risk factors, dietary
nutrient intake may also be linked to the development of T2D [5,6].

Selenium, which is prevalent in animal-derived foods, cruciferous vegetables, and
cereals, is a crucial trace element necessary for the human body [7]. In human beings,
the nutritional functions of selenium are achieved by selenoproteins, which have a wide
range of anti-inflammatory and antioxidant effects [8]. As suggested by experimental
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models, oxidative stress can reduce insulin secretion and contribute to the development of
T2D [9,10]. However, the relationship between dietary selenium intake and T2D remains
inconclusive [11]. Some studies, including two meta-analyses and a prospective study,
have suggested a positive correlation between selenium intake and T2D risk [12–14], while
findings in another meta-analysis failed to support this association [15]. Additionally, other
meta-analysis findings have indicated the potential beneficial effects of selenium on fasting
insulin levels and insulin sensitivity [16]. A dose–response analysis further revealed that
daily selenium intake exceeding 60 micrograms may be linked to an increased risk of
T2D [13].

However, the link between dietary selenium intake and T2D remains complex and
inconclusive. Previous research has often overlooked middle-aged and older individuals,
who are at increased risk of T2D, and many studies have been cross-sectional, limiting
definitive conclusions [17]. Consequently, this study delved into the correlation between
dietary selenium intake and diabetes among individuals aged 50 and above.

2. Materials and Methods
2.1. Study Design and Subjects

This study utilized data from the China Health and Nutrition Survey (CHNS), a
long-term longitudinal study that began in 1989 and has completed 11 rounds of follow-
up evaluations. Through the implementation of a stratified multistage cluster random
sampling technique [18], the survey encompassed 15 provinces (autonomous regions,
municipalities), specifically Beijing, Shaanxi, Liaoning, Heilongjiang, Shanghai, Jiangsu,
Zhejiang, Shandong, Henan, Hubei, Hunan, Guangxi, Chongqing, Guizhou, and Yunnan.
During each iteration of the investigation, a meticulous collection of comprehensive health
and nutrition data was undertaken, spanning individual, family, and community levels,
ensuring a cohesive and consistent dataset for the same population cohort across all rounds.
This included demographics, lifestyle factors (including physical activity, smoking and
drinking habits, etc.), dietary habits, economic status, and community conditions, among
others. Detailed methodologies for these specific investigations can be found in the relevant
literature [19–21]. Additionally, the survey protocol was augmented in 2009, 2015, and 2018
to include the collection and testing of blood samples.

Adults aged 50 and older who participated in the 2009, 2015, and 2018 surveys
were specifically selected. We set the subject exclusion criteria as follows: demographic
information deficiency (n = 1096), dietary data deficiency and abnormal energy intake
(>6000 kcal/day or <800 kcal/day for men; >4000 kcal/day or <600 kcal/day for women)
(n = 164), BMI deficiency or abnormalities (<14 kg/m2 or >45 kg/m2) (n = 695), baseline
T2D, stroke, or cancer (n = 1793), participated in the follow-up only once (n = 6113).
Eventually, 5970 subjects were included in this research (Figure 1). This project adhered to
rigorous ethical standards, having secured approval from the Ethics Review Committee
of the Institute of Nutrition and Health at the Chinese Center for Disease Control and
Prevention (Review number: 2015-017). Prior to the survey, all respondents provided
informed consent.

2.2. Evaluation Indicators
2.2.1. Dietary Nutrients

To ensure comprehensive and robust data collection for this study, the information was
gathered through rigorous face-to-face surveys. The collection of personal food consump-
tion data relied on an exhaustive 3-day, 24 h dietary review methodology, encompassing
two weekdays and a weekend day, providing a thorough evaluation of individual dietary
patterns and habits. This approach aimed to capture the usual dietary intake of individuals
accurately, considering day-to-day variations in eating patterns. Additionally, information
regarding the usage of condiments and edible oils was meticulously gathered through
the implementation of household weighing method. These data were then meticulously
allocated to each individual participant, proportional to their individual energy consump-
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tion within the household, providing a precise estimation of their dietary selenium intake
from these sources. Using the “Chinese Food Ingredient Table” as a reference, the collected
consumption data related to various foods, seasonings, and edible oils were converted
into nutrient intake estimates [22]. The computation of average daily nutrient intake was
founded upon the total person-days recorded throughout the entire survey period.
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Figure 1. Flowchart of subjects.

To mitigate the potential confounding influence that dietary alterations subsequent
to disease onset might exert on the relationship between dietary selenium intake and
diabetes, a tailored strategy was devised and implemented. The dietary selenium intake
value observed at the end of the disease period was excluded from the analysis. This was
carried out to prevent any bias that might arise from alterations in dietary habits following
the diagnosis or development of the disease. In addition, energy-standardized dietary
selenium intake was used to control the impact of total energy intake [23].

2.2.2. Diagnostic Criteria for Diabetes

Blood samples were collected via venipuncture after 8–12 h of fasting. Both fasting
plasma glucose (FPG) and hemoglobin A1c (HbA1c) levels were promptly measured
following sample collection. FPG was determined using the glucose oxidase–phenol
and aminobenzene method, while HbA1c was determined by high-performance liquid
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chromatography. Type 2 diabetes is defined as having a FPG concentration ≥ 7.0 mmol/L
and/or HbA1c mass fraction ≥ 6.5%. Furthermore, those diagnosed with diabetes and
currently undergoing treatment are also considered as patients with type 2 diabetes.

2.2.3. Evaluation of Confounding Factors

This study gathered an array of pertinent data through face-to-face interviews con-
ducted by highly trained and qualified investigators. Utilizing a standardized question-
naire, the research team meticulously documented demographic information, lifestyle
factors (encompassing smoking status, alcohol consumption habits, physical activity levels,
among others), dietary habits, and other crucial variables. Educational level was clas-
sified into three groups: primary school or below, middle school, and college or above.
Residence was categorized as urban or rural. Household per capita annual income was
categorized into three groups: low (<6128.13 yuan), medium (6128.13–17,611.37 yuan), and
high (>17,611.37 yuan). The participants were divided into three age groups: 50–64 years,
65–79 years, and 80 years and above. Smoking status and alcohol consumption within
the past year were categorized into binary variables: ‘yes’ or ‘no’. Meanwhile, physical
activity levels were comprehensively assessed, encompassing leisure-time physical activity,
transportation-related physical activity, occupational physical activity, and household-
related physical activity. The physical activity volume (MET h/week) was assessed by
multiplying the metabolic equivalent (MET) of each activity by the weekly duration of
participation in various physical activities (h/week) and was further categorized into
three groups based on tertiles: low (<96.24 MET h/week), medium (96.24–<228.96 MET
h/week), and high (≥228.96 MET h/week). BMI was calculated as weight (kg) divided by
height (m) squared and classified into three groups: <18.5 kg/m2, 18.5–<24.0 kg/m2, and
≥24.0 kg/m2.

2.3. Statistical Analysis

Data collation and analysis were conducted using R software (version 4.0.0) and SAS
software (version 9.4). Descriptive statistics were strategically used to provide a compre-
hensive overview of research variables. Quantitative variables are concisely represented as
mean values with standard deviations. Qualitative variables are presented in percentage
form. To examine the demographic profile of participants across different dietary selenium
intake levels, chi-square tests and analysis of variance were employed. Additionally, sele-
nium intake was grouped into quintiles, and diabetes outcomes were tracked from cohort
entry to disease onset. To delve into the intricate relationship between dietary selenium
intake and diabetes risk, this study leveraged the power of multivariate Cox proportional
hazard regression modeling. Furthermore, the restricted cubic spline (RCS) model was
employed to trace the changing trend in diabetes risk as dietary selenium intake increased.
Statistical significance was determined based on a p-value threshold of less than 0.05.

3. Results
3.1. Baseline Characteristics

A total of 5970 subjects were enrolled in this study. The median dietary selenium
intake was 41.04 µg/day. The baseline demographics and characteristics of the study
subjects were categorized into five distinct quintiles according to their dietary selenium
intake, as detailed in Table 1. Compared with the subjects in Q5, individuals with lower
dietary selenium intake tended to be female, elderly, low-income, low-educated, living in
rural areas, non-smoking, non-drinking, not overweight or obese, and had a lower energy
intake. Additionally, no significant difference in the level of physical activity was observed
among different dietary selenium intake groups.
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Table 1. Baseline characteristics according to the quintile of dietary selenium intake.

Baseline Characteristics

Quintile of Dietary Selenium Intake (µg/day)

Q1
22.05

(18.05~25.14)

Q2
32.27

(30.03~34.53)

Q3
41.04

(38.66~43.40)

Q4
51.57

(48.55~55.39)

Q5
74.38

(65.96~89.58)
p-Value

Age, % <0.0001
50~64 64.49 73.2 77.81 77.22 80.82
65~79 31.74 24.12 21.02 21.27 18.26
80~ 3.77 2.68 1.17 1.51 0.92
Male, % 32.66 42.21 45.98 51.93 60.64 <0.0001
Household income per capital, % <0.0001
Low (<6128.13 yuan) 42.46 37.94 31.66 30.57 24.04
Median (6128.13–17,611.37 yuan) 31.16 32.24 34.76 35.51 33.00
High (>17,611.37 yuan) 26.38 29.82 33.58 33.92 42.96
Education, % <0.0001
Primary and below 63.4 53.85 44.56 42.63 35.85
Middle and high 31.07 35.26 44.3 46.06 48.66
College and above 5.53 10.89 11.14 11.31 15.49
Urban, % 28.73 35.68 37.86 40.54 44.89 <0.0001
Never smoked, % 77.72 70.77 71.02 67.84 62.56 <0.0001
Non-drinker in the past year, % 81.07 72.11 69.68 66.5 61.81 <0.0001
Physical activity, % 0.60
Low 33.84 31.24 33.84 34.25 33.42
Median 31.83 33.75 32.91 33.42 34.84
High 34.34 35.01 33.25 32.33 31.74
BMI (kg/m2), % <0.0001
<18.5 6.45 5.36 4.1 3.18 2.26
18.5~23.9 51.51 52.76 49.25 47.57 45.23
≥24.0 42.04 41.88 46.65 49.25 52.51
Energy (kcal/day) 1564.65 ± 492.48 1931.00 ± 589.56 2134.19 ± 602.86 2341.46 ± 654.01 2624.06 ± 764.53 <0.0001

Values are mean ± SD for continuous variables and percentage for categorical variables.
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3.2. Effect of Dietary Selenium Intake on the Risk of T2D

The interaction between gender and dietary selenium intake and diabetes risk was
analyzed, and the results demonstrated no interaction (p = 0.94). Subsequently, gender was
incorporated into the model as an essential confounding variable to refine the analysis. The
total follow-up duration was 32,479.06 person-years, averaging 5.44 years per individual.
During this period, 718 cases of diabetes were identified, resulting in an incidence rate of
12.03%. The Cox proportional risk regression model analysis results showed (Table 2) that
when taking the Q1 group as a reference, the risk of diabetes of the subjects in Group Q3
decreased by 32% (HR = 0.68, 95% CI: 0.53~0.87) in Model 1 and Model 2, while in Model 3,
the risk of diabetes in Group Q3 was reduced by 26% (HR = 0.74, 95% CI: 0.57~0.95). After
further adjustment for all confounding factors, participants in Group Q3 experienced a 27%
reduction in the risk of developing diabetes compared to those in Group Q1 (HR = 0.73,
95% CI: 0.56~0.94). In all models, the difference in selenium intake between Q2, Q4, and Q5
groups and the risk of diabetes was not statistically significant. In addition, no significant
difference in the linear trend test was detected in all models (p > 0.05).

Table 2. Multivariate Cox proportional risk regression analysis of dietary selenium intake to type 2
diabetes [HR (95% CI)].

Model
Quintile of Dietary Selenium Intake (µg/day)

p Trend
Q1 Q2 Q3 Q4 Q5

Model 1 1.00 0.87 (0.69, 1.10) 0.68 (0.53, 0.87) * 0.79 (0.63, 1.01) 0.84 (0.66, 1.08) 0.39
Model 2 1.00 0.87 (0.69, 1.10) 0.68 (0.53, 0.87) * 0.80 (0.63, 1.01) 0.86 (0.67, 1.09) 0.20
Model 3 1.00 0.91 (0.71, 1.16) 0.74 (0.57, 0.95) * 0.84 (0.65, 1.08) 0.90 (0.69, 1.17) 0.43
Model 4 1.00 0.91 (0.72, 1.16) 0.73 (0.56, 0.94) * 0.79 (0.61, 1.03) 0.85 (0.65, 1.11) 0.16

* Comparisons with the lowest quintile (Q1) revealed statistical significance (p < 0.05). Model 1 served as the
foundation, adjusting for age, education, sex, urban–rural residence, and per capita household income. Model
2 built upon Model 1 by incorporating additional adjustments for alcohol consumption, smoking status, and
physical activity levels. Model 3 further refined Model 2 by adjusting for total energy intake. Lastly, Model 4 built
upon Model 3 with an additional adjustment for Body Mass Index (BMI).

3.3. Dose–Response Relationship between Dietary Selenium Intake and T2D

The outcomes of the restricted cubic spline model analysis, as depicted in Figure 2,
revealed an overall statistically significant (p < 0.05) and nonlinear correlation between
dietary selenium intake and T2D risk. The analysis revealed a V-shaped correlation when
using the 5th percentile of dietary selenium intake (18.05 µg/day) as the reference value. Be-
low 45 µg/day of dietary selenium intake, the risk of diabetes decreased as selenium intake
increased, reaching its lowest point at 45 µg/day. However, between 45 and 100 µg/day,
the risk gradually increased. When dietary selenium intake surpassed 100 µg/day, the cor-
relation between selenium consumption and diabetes risk was not statistically significant.
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cubic spline of association between dietary selenium intake and Type 2 diabetes. The red-shaded area
represents the 95% confidence interval (CI).

4. Discussion

This research examined the relationship between dietary selenium intake and T2D
among middle-aged and older adults, drawing upon longitudinal data sourced from the
CHNS in China. This forward-looking cohort study encompassed 5970 participants, with
each individual being followed up on for an average duration of 5.44 years. The findings
indicated that participants with dietary selenium levels ranging between 38.66 µg/day and
43.40 µg/day exhibited the lowest risk of T2D compared to those in the lowest quintile of
dietary selenium levels. The current analysis unveiled a nonlinear dose–response relation-
ship between dietary selenium intake and T2D, characterized by a V-shaped correlation.
Both insufficient and excessive levels of selenium were associated with an increased risk
of T2D. Dose–response analysis indicated that participants with dietary selenium levels
of around 45 µg/day had the lowest risk of T2D. Notably, the prevalence rate of T2D in
this study population was 12.03%, slightly higher than the estimated level reported by the
CHNS survey in 2009 (7.5%) [24].

Some studies have proposed a positive correlation between selenium intake and dia-
betes [25], suggesting that excess selenium may pose a risk. In contrast to NHANES, where
the median lowest quartile selenium intake was reported as 70.6 µg/day (similar to the
upper quartiles in our study), our population had a generally lower dietary selenium intake.
A cohort study from Brazil presented no significant correlation between dietary selenium
consumption and the incidence of T2D. It is noteworthy that the median energy-adjusted
selenium intake in this study was 143.5 µg/day [26]. Similarly to this study, our study
shows that when selenium intake exceeded 100 µg/day, the association between dietary
selenium intake and diabetes risk ceased to be statistically significant. A meta-analysis
revealed that both relatively low serum selenium concentrations (below 97.5 µg/L) and
excessively high levels (above 132.5 µg/L) were associated with an elevated prevalence of
T2D. The observed trend of a more pronounced increase in T2D incidence among individ-
uals with high selenium levels, coupled with findings from other studies demonstrating
significantly lower plasma selenium concentrations in diabetic patients, underscores the
complex and nonlinear nature of the relationship between T2D and selenium levels [27].

According to OgawaWong et al. [26], the association between selenium and T2D fol-
lows a U-shaped curve, indicating T2D occurrence with either insufficient or excessively
high Se levels. Similarly, in this study, it was observed that dietary selenium levels were
associated with T2D risk in a V-shaped manner, where both insufficient and excessive
levels were linked to increased risk. Dose–response analysis revealed that participants with
dietary selenium levels of around 45 µg/day had the lowest T2D risk, which closely aligns
with the recommended dietary selenium intake of 50 µg/day in China [28]. However, the
recommended daily intake of selenium varies by geographical region and by different
authoritative bodies. For instance, the US Department of Agriculture suggests a recom-
mended daily allowance (RDA) of 55 µg, whereas the European Food Safety Authority
(EFSA) recommends an RDA of 60 µg for women and 70 µg for men. Additionally, the
International Food and Nutrition Board suggests an average daily intake of 40–70 µg/day
for men and 45–55 µg/day for women [29]. A meta-analysis also suggests that a daily
intake of selenium above 60 µg may increase the risk of T2D [13]. These differences may
be attributed to a multitude of factors, including gender, age, pregnancy, breastfeeding,
and geographical location. The median selenium intake in our study population was lower
than that reported in some Western populations, possibly reflecting differences in dietary
habits and soil selenium content. The lack of a significant association between selenium
intake and T2D beyond 100 µg/day in our study contrasts with some previous reports,
highlighting the need for region-specific recommendations. The variability in the recom-
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mended daily selenium intake across different authorities underscores the complexity of
setting universal guidelines.

The complex interplay between selenium and T2D mellitus is multifaceted and in-
volves both protective and potentially detrimental effects. Selenium, with its antioxidant
properties, can enhance GPX1 expression and activity, thereby mitigating oxidative stress
and inflammation in islet β-cells, potentially offering protection against T2D [30–32]. How-
ever, some studies have revealed that excessive selenium exposure, particularly through
supplementation, may elevate the risk of T2D by augmenting hepatic Sepp1 production, a
known inducer of insulin resistance [12,33–35]. Given selenium’s essential role in selenopro-
tein function and insulin signaling pathways, its management in diabetes is crucial [36–38].
Yet, the absorption of selenium is influenced by numerous factors such as age, physiologi-
cal state, selenium form and quantity, nutritional status, medical conditions, and genetic
predispositions [39,40]. Notably, different selenium compounds exhibit varying absorption
efficiencies, with selenomethionine and selenate demonstrating superior gut absorption
compared to others [41]. This disparity between intake and absorption, particularly in the
elderly, underscores the need for cautious monitoring. Furthermore, studies have shown
that selenium supplementation leads to an increase in both absorbed selenium and whole
blood selenium concentrations, which persist for several months post-cessation [42]. In-
deed, dietary selenium intake can serve as valuable, non-invasive biomarkers for assessing
selenium status and exploring its impact on health outcomes, including T2D. Ultimately,
further research is warranted to elucidate the precise molecular mechanisms underly-
ing selenium’s dual role in T2D and to develop targeted strategies for optimal selenium
management in diabetes prevention and treatment.

While our study has several strengths, including a large sample size and prospective
design, there are also limitations. First, subjects entered the cohort at different times (in
2009 or 2015), serving as relative baselines. Moreover, the dietary surveys conducted in
different years might not be entirely consistent due to improvements in living standards
or survey methods. Grouping the subjects together might lead to bias, but dietary factors
such as income and energy in the model were hereby adjusted to explain some of the
bias. Second, dietary data collected through a continuous “3-day, 24-h” dietary review
method were adopted to calculate dietary selenium intake, which tended to fail to assess
daily fluctuations in dietary intake and investigate long-term dietary patterns and behav-
iors. Additionally, we did not specifically evaluate malabsorption problems, such as small
intestinal bacterial overgrowth, lactose intolerance, delayed orocecal transit time, or modi-
fied nutrient absorption like D-xylose, which have been shown to correlate with diabetes,
particularly type 2 diabetes mellitus. The potential impact of these malabsorption issues
on selenium absorption and diabetes risk warrants further investigation. Non-invasive
techniques for assessing malabsorption could be considered in future studies to better
understand these relationships.

5. Conclusions

In conclusion, this study provides novel insights into the intricate relationship between
dietary selenium intake and the risk of T2D among middle-aged and older adults in China.
The notable V-shaped association observed between selenium intake and the risk of T2D
underscores the critical importance of maintaining an optimal selenium intake range to min-
imize the risk of diabetes. Our findings highlight the need for tailored interventions aimed
at optimizing selenium intake in populations at risk, as both insufficient and excessive
selenium intake may increase T2D risk.
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