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Abstract

Se is a trace mineral that has antioxidant and anti-inflammatory properties. This study aimed to investigate the association between Se intake,
diabetes, all-cause and cause-specific mortality in a representative sample of US adults. Data from 18 932 adults who attended the 2003-2014
National Health and Nutrition Examination Survey were analysed. Information on mortality was obtained from the US mortality registry updated
to 2015. Multivariable logistic regression and Cox regression were used. Cross-sectionally, Se intake was positively associated with diabetes.
When comparing the extreme quartiles of Se intake, the OR for diabetes was 1-44 (95 % CI 1-09, 1-89). During a mean of 6-6 years follow-up, there
were 1627 deaths (312 CVD, 386 cancer). High intake of Se was associated with a lower risk of all-cause mortality. When comparing the highest
with the lowest quartiles of Se intake, the hazard ratios for all-cause, CVD mortality, cancer mortality and other mortality were 0-77 (95 % CI 0-59,
1-01), 0-62 (95 % CI 0-35, 1-13), 1-42 (95 % CI 0-78, 2-58) and 0-60 (95 % CI 0-40, 0-80), respectively. The inverse association between Se intake and
all-cause mortality was only found among white participants. In conclusion, Se intake was positively associated with diabetes but inversely
associated with all-cause mortality. There was no interaction between Se intake and diabetes in relation to all-cause mortality.
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Type 2 diabetes is a chronic disease with a high social and eco-
nomic burden and is the most common form of diabetes.
Globally, 463 million (9-3 %) adults had diabetes in 2019, and
the number is expected to rise to 578 million by 2030V, In the
USA, 31 million individuals had diabetes in 2019". Diet is one
of the most important factors associated with the burden of type
2 diabetes®.

Se is a trace mineral that is vital for the synthesis of
Selenoproteins in the body®. These proteins are essential for vari-
ous functions because of their antioxidant and anti-inflammatory
propetties. They are also involved in redox homoeostasis and
metabolism of the thyroid hormone™®. Because of its antioxidant
property, Se has attracted a lot of attention especially in the field of
metabolic diseases including diabetes. In the USA, the recom-
mended daily intake of Se is 55 pg/d for adults®. The intake of
Se in the USA ranges from 60 to 220 pg/d and is well above the
recommended intake due to high levels of Se in the soil. ©7

The association between Se status and diabetes has mainly
been examined using blood or hair Se®. In a systematic
review published in 2018, among thirteen observational stud-
ies, eight found that Se concentration was positively

)

associated with diabetes®™®. On the other hand, conflicting
findings on the association between Se intake and diabetes
have been reported. Several epidemiological studies found
that Se intake was associated with decreased risk of diabe-
tes1?, For example, a recent study in Canada suggested that
a higher intake of dietary Se is inversely associated with insu-
lin resistance when total dietary Se intake was below 1-6 pg/kg
per d'9. However, several other studies found that high Se
intake was associated with increased risk of diabetes!!2,
A 16-year prospective cohort study of 7182 Italian women sug-
gested that each increment of 10 pg Se intake was associated
with 29 % increase of diabetes risk/'V.

Studies on the association between mortality and Se intake
are limited and the findings are inconsistent’>'®, No study
has examined the interaction between Se intake and diabetes
in relation to mortality. Using data from the National Health
and Nutrition Examination Survey (NHANES) 2003-2014, this
study aimed to (1) explore the association between Se intake,
diabetes and mortality in the US general population; (2) examine
the interaction between Se intake and diabetes in relation to all-
cause and cause-specific mortality.

Abbreviations: FI, energy intake; HR, hazard ratio; NHANES, National Health and Nutrition Examination Survey.
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Methods

NHANES is a cross-sectional survey that uses a multistage prob-
ability sampling technique to select a sample that is represen-
tative of the non-institutionalised population in the USA. The
data are collected using a variety of methods including inter-
views, questionnaires, laboratory testing and physical examina-
tion. Interviews were conducted in each participants’ home,
while mobile examination centres were used to conduct physi-
cal examination and collect blood samples. The detailed
description of the methods used can be found elsewhere™>.
National Centre for Health Statistics Institutional Ethics
Review Board approved the study, and a written consent
was taken from all the participants. The data used in the present
study were downloaded from NHANES website (https://www.
cdc.gov/nchs/nhanes/index.htm).

Study design and sample

In the current analysis, data from six survey cycles (2003-2004,
2005-2006, 2007-2008, 2009-2010, 2011-2012 and 2013-2014)
were used. In total, there were 61 087 participants from the com-
bined cycles (Fig. 1). Participants below the age of 20 were
excluded from the study. Those with extreme values of dietary
intake (Se intake <5 or > 400 pg/d) or with missing values of
BMI and physical activity were also excluded from the study.
We used Goldberg cut-offs to exclude those misreported energy
intake (ED"9, Over-reporters and under-reporters were defined
as EI: BMR > 2-49 or EI:BMR < 0-96, respectively. BMR was esti-
mated using Schofield’s age- and sex-specific equations based
on height and weight'”. The final analytical sample for cross-
sectional analysis included 18 932 participants. The analytical
sample for mortality analysis included 18 910 participants after
excluding those with missing data on mortality.

Outcome variable: diabetes and mortality status

Diabetes was defined as having fasting glucose > 126 mg/dl,
HbAlc > 65 % or 2-h plasma glucose > 200 mg/dl during an oral
glucose tolerance test (OGTT) or self-reported doctor-diagnosed
diabetes"®. Information on mortality was ascertained via prob-
abilistic matching to the death certificates from the National
Death Index recorded up to 31 December 20159, The cause
of death was coded as per the International Classification of
Diseases, Tenth Revision. Mortality was classified as CVD related
(ICD codes: 100-199), cancer-related (ICD codes: C00—-C97) and
other-cause (including non-cancer and non-CVD diseases). This
method has been validated and used in many reports®*2D.

Exposure variable: dietary intake of selenium

Food intake in NHANES was interviewed for two non-consecu-
tive days. The first interview was conducted in-person and the
second interview was conducted via phone call. In the current
analysis, we used the mean food intake of 2 d. The participants
provided details of the meals they consumed in the past 24 h, and
each nutrient was estimated using Food and Nutrient Database
for Dietary Studies published by the US Department of
Agriculture®?.

NHANES 2003-2014

n 61087
[ Age <20 years
n 27585
Y
n 33502
No data on BMI
n 1817

n 31685

No data on diabetes
n20

|

n 31665

No data on dietary intake n 2051
Had only one day food recall n 3266
Misreporting energy intake n 7400
Extreme Se intake n 16

T

Analytical sample for

n 18932 cross-sectional analysis

No mortality data
n22

T

Analytical sample for

n 18910 : :
mortality analysis

Figure 1. Sample selection process flow chart.

Covariates

The following variables were considered as covariates in this
study: age, sex, race (whites, blacks, Mexican Americans, other
race), education level (lower than high school, graduated from
high school or equivalent institution, any college and college
graduate or above), leisure time physical activity (MET min/
week), smoking status (non-smoker, ex-smoker and current
smoker), alcohol intake and BMI. Age, sex, ethnicity, education
level, smoking status and alcohol intake were self-reported.
Poverty income ratio was calculated by dividing the income of
the family by poverty threshold of the family and was categorised
to<13 (ow), 13-3-5 (moderate) and>3-5 (high)®?,
Individuals were considered to be hypertensive if they met
any of the following conditions: self-reported doctor’s diagnosis
of hypertension, currently taking antihypertensive medications,
systolic blood pressure > 140 mmHg or diastolic blood pres-
sure > 90 mmHg®?. Dietary supplement use was assessed by
the question ‘Have you used or taken any vitamins, minerals
or other dietary supplements in the past month? 1) Yes, 2) No,
7) Refused, 9) Don’t know’.

Statistical analyses

The dietary Se intake was categorised into quartiles with quartile
1 (QD) and quartile 4 (Q4) as the lowest and highest intake,
respectively. Sample characteristics were presented as means
and standard deviations or as percentages, and the differences
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Table 1. Sample characteristics by quartiles of se intake among participants attended NHANES 2003—-2014 (n 18 932) (Numbers and percentages)*

Q1 (6-2-87-3 Q2 (87-4-112-0 Q3 (112:1-1434 Q4 (143-5-396-3
pg/d) pg/d) pg/d) pg/d)
n 4736 n 4738 n 4725 n 4733
n % n % n % n % P
Nutrients intake
Energy (KJ/d) < 0-001
Mean 7436-6 85626 9859-2 12028-6
sD 1608-7 1794.9 21753 28209
Protein (g/d) < 0-001
Mean 58-3 75-9 92.3 1244
sD 128 13-6 16-6 30-0
Total fat (g/d) < 0-001
Mean 64-8 765 89-6 1106
sD 205 235 281 354
Carbohydrate (g/d) < 0-001
Mean 2360 2571 286-3 331-1
SD 68-9 721 845 101.2
se (png/d) < 0-001
Mean 70-6 996 126-4 182-8
SD 124 7-0 89 374
Age (years) < 0-001
Mean 53.7 50-3 48.2 44.5
sD 188 182 17-3 159
Sex < 0-001
Men 1264 267 1932 40-8 2623 55.5 3521 744
Women 3472 73-3 2806 59-2 2102 44.5 1212 256
Race < 0-001
Non-Hispanic white 2547 53-8 2407 50-8 2310 489 2233 472
Non-Hispanic black 890 188 848 179 883 187 892 188
Mexican American/Hispanic 683 144 762 161 795 16-8 792 167
Others 616 130 721 152 737 156 816 172
Education < 0-001
Lower than high school 1237 26-2 1098 232 1069 22.7 932 197
High school 1160 24.5 1079 228 1015 215 1101 233
Some college 1331 281 1397 295 1415 30:0 1399 29-6
College or higher 1002 21.2 1160 24.5 1220 259 1298 27-4
Smoking < 0-001
Never 2585 54-6 2631 55-5 2499 529 2479 52.4
Former 1184 25-0 1192 252 1285 27-2 1243 26-3
Current smoker 963 20-4 915 193 939 199 1010 213
Alcohol drinking < 0-001
No 956 20-2 841 178 794 168 722 153
Yes 2703 571 3071 64-8 3194 67-6 3360 71-0
Missing 1077 22.7 826 174 737 156 651 13-8
Dietary supplement use 2692 56-9 2537 536 2488 52.7 2266 479 < 0-001
BMI (kg/m?) < 0-001
Mean 270 28-0 287 289
sD 56 5.9 6-4 6-4
Physical activity (MET min/week) < 0-001
< 600 2264 47-8 2013 42.5 1843 39.0 1548 32.7
600-1199 610 12.9 639 135 599 12.7 567 12.0
>1200 1862 393 2086 44.0 2283 483 2618 55-3
Income-to-poverty ratio < 0-001
<130 1310 297 1270 287 1217 276 1173 26-4
1.3-35 1746 396 1625 367 1608 365 1572 354
> 35 1352 307 1536 34.7 1583 35.9 1699 382
HbA1c (%) 0-052
Mean 56 56 57 56
SD 09 09 1-0 1.0
Poor glycaemic control (HbA1c >7 %) 222 4.8 266 58 286 63 265 58 0-030
Diabetes 657 13-9 674 14.2 685 14.5 635 13-4 0-460
Use insulin 94 2.0 114 24 122 2:6 131 2.8 0-082

* Data are presented as means and standard deviations for continuous measures and n (%) for categorical measures.

in subject characteristics were determined using one-way
ANOVA or y? tests. Survey weights, sample strata and sample
clusters were incorporated in the survey statistical procedures

to account for the complex multistage probability sampling.
Six-wave weights (2003-2014) were created by simple linear
scaling of the 2-year weights. Logistic regression models adjusted
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Table 2. Association for diabetes by quartiles of se intake among participants attended the NHANES 2003-2014 (n 18 932) (Odds ratio; 95 % confidence

intervals)*
Q3 (112:1-1434 Q4 (143.5-396-3
Q2 (87-4-112.0 pg/d) pg/d) pg/d)

Q1 (6-2-87-3 pg/d) OR 95 % Cl OR 95 % Cl OR 95 % Cl Pror trend
Unadjusted model 1-00 1.06 0-86, 1-31 112 0-92, 1-36 1-04 0-86, 1-25 0-619
Model 11 1.00 1.20 097, 149 1.42 1.15,1.74 1.62 1.28, 2.05 < 0-001
Model 2} 1-00 1.29 1.02, 1-62 142 1-11, 1-80 1.70 1.31, 2:20 < 0-001
Model 3§ 1.00 117 0-92, 1-49 121 0-94, 1.55 1-44 1.09, 1-89 0-014

*Values are OR (95 % CI) from multivariable logistic regression.
1 Adjusted for age, sex and energy intake.

1 Further adjusted for race, intake of fat, leisure time physical activity, education, income, smoking, alcohol drinking and dietary supplement use.

§ Further adjusted for BMI (continuous) and hypertension.

Kaplan-Meier survival estimates
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Figure 2. Kaplan—Meier survival curve of all-cause mortality by quartiles of Se
intake among participants attended NHANES 2003-2014 (n 18 910).

for multivariable were used to determine association between
quartiles of Se intake and diabetes. Follow-up duration was cal-
culated as the difference between the survey date and the last
known date alive or censored from the linked mortality file.
Multivariate Cox proportional hazards regression was per-
formed, to analyse mortality outcomes and to estimate
differences in all-cause, CVD mortality, cancer mortality and
other mortality according to quartiles of Se intake. Three models
were used in both logistic and Cox regression analyses: model 1
was adjusted for age, sex and EI; model 2 was further adjusted for
race, intake of fat, leisure time physical activity, education,
income, smoking, alcohol drinking and dietary supplement
use; model 3 was further adjusted for BMI (continuous) and
hypertension. The variables included in the multivariable mod-
els were either socio-economic factors or known risk factors for
diabetes or mortality. The Kaplan—-Meier survival analysis was
used to determine survival by quartiles of Se intake. Subgroup
analyses (by diabetes status) were conducted to assess the asso-
ciation between Se intake and mortality. The interaction
between diabetes, sex, ethnicity, dietary supplement use and
Se intake was assessed by adding the product term of the two
in the multivariable model. In sensitivity analyses, we treated
Se intake as a continuous variable in a fully adjusted model.
All the analyses were performed using STATA (Version 16.1,
Stata Corporation).

Results

The basic characteristics of the participants according to quartiles
of Se intake are presented in Table 1. The unweighted mean Se
intakes in the highest and lowest quartiles were 182-8 (sp 37-4)
and 70-6 (sp 12-4) pg/d, respectively. Across the quartiles of Se
intake from low to high, the intake of macronutrients, leisure
time physical activity, alcohol drinking and income-to-poverty
ratio increased but the mean age decreased. Nearly 75 % of
the participants in the highest quartile of Se intake were males,
while around 73 % of the participants were females in the lowest
quartile of Se intake. There was a significant difference in BMI
across different levels of Se intake: high intake of Se had a high
BMI. However, the prevalence of diabetes was similar across
quartiles of Se intake.

Association between selenium intake and diabetes

Se intake was positively associated with diabetes (Table 2).
After adjusting for age, sex and EI, the OR for diabetes across
the quartiles of Se intake were 1-00, 1-20 (95 % CI 0-97, 1-49),
1:42(95% CI 1-15, 1-74) and 1-62 (95 % CI 1-28, 2:05), respec-
tively. The association was not materially changed after fur-
ther adjusting for other lifestyle factors including smoking,
alcohol drinking, physical activity, dietary supplement use
and BMI or hypertension. In the fully adjusted model, the
OR for diabetes across the quartiles of Se intake were 1-00,
1-17 (95 % CI 0-92, 1-49), 1-21 (95 % CI 0-94, 1-55) and 1-44
(95 % CI 1-09, 1-89) (Pfor trena 0-:014), respectively. No interac-
tion between Se intake, sex, ethnicity and dietary supplement
use in relation to diabetes was found (data not shown). In sen-
sitivity analysis using Se intake as a continuous variable, per
100 pg/d increment of Se intake had an OR of 1-43 (95 % CI
1-17, 1-74) for diabetes (P < 0-001).

Association between selenium intake and mortality

During a total of 125 232 person-year follow-up, there were 1627
deaths (312 CVD, 386 cancer, 759 other). The mean follow-up
was 0-6 years. Se intake was inversely associated with all-cause
mortality (Fig. 2). The incidences of all-cause mortality were
1247, 9-06, 7-13 and 5-33 per 1000 person-years across quartiles
of Se intake from low to high (Table 3). There was a dose—
response inverse relationship between Se intake and all-cause
mortality with hazard ratios (HR) of 1-00, 0-85 (95 % CI 0-70,

ssaid Anssanun abplgue) Aq auljuo paysiiand X/££10012SLLL000S/LL0L 0L/BI0 10p//:sd1y


https://doi.org/10.1017/S000711452100177X

o

British Journal of Nutrition

1102

B. Hoque and Z. Shi

Table 3. Hazard ratio (95 % CI) for different types of mortality by quartiles of se intake among participants attended NHANES 2003—-2014 (n 18 910) (Hazard

ratios; 95 % confidence intervals)

Q2 (87-4-112:0 pg/d)

Q3 (112:1-143-4 pg/d) Q4(143-5-396-3 pg/d)

Q1 (6-2-87-3 pug/d) HR 95% ClI HR 95% ClI HR 95% ClI Pror trend

All-cause mortality

No. of cases 598 446 344 239

Rate (per 1000) 12.47 9.06 713 5-33

Unadjusted model
Model 1* 1.00 073 0-60, 0-90 0-58 0-48, 0-68 0-43 0-36, 0-51 < 0-001
Model 2t 1-00 0-81 0-67, 0-98 0-71 0-57, 0-88 0-68 0-52, 0-89 0-002
Model 3% 1.00 0-85 070, 1-04 075 0-61, 0-93 0-77 0-59, 1-01 0-024

Cancer mortality

No. of cases 117 105 90 74

Rate (per 1000) 244 1-88 1-61 1-85

Unadjusted model
Model 1* 1-00 077 0-55, 1-09 0-66 0-45, 0-98 0-76 049, 1-18 0-193
Model 2t 1.00 0-86 059, 1-25 0-85 0-50, 1-43 1.32 073, 2.37 0-509
Model 3% 1-00 0-80 0-53, 1-19 0-87 0-51, 1-49 142 0-78, 2:58 0-378

CVD mortality

No. of cases 126 82 62 42

Rate (per 1000) 2.55 1.36 1.52 0-87

Unadjusted model 1-00 0-54 0-35, 0-83 0-60 0-40, 0-89 0-34 0-24, 0-50 < 0-001
Model 1* 1.00 0-58 0-38, 0-88 071 044, 1-16 0-54 0-32, 0-93 0-074
Model 2t 1-00 0-63 0-40, 0-97 0-82 051, 1-33 0-62 0-35, 1-13 0-227
Model 3% 1.00 0-58 0-37, 0-92 0-71 044, 1-14 0-54 0-30, 0-96 0-074

Other mortality

No. of cases 282 211 159 107

Rate (per 1000) 5.95 4.61 314 214

Unadjusted model 1.00 078 0-60, 1-01 0-53 0-40, 0-70 0-36 0-27, 0-49 < 0-001
Model 1* 1-00 0-86 068, 1-10 0-65 0-49, 0-88 0-56 0-39, 0-79 < 0-001
Model 21 1.00 0-92 072, 1-18 0-69 0-50, 0-95 0-64 0-45, 0-91 0-005
Model 3% 1-00 0-92 072,117 0-71 0-51, 0-98 0-60 0-40, 0-89 0-006

* Adjusted for age, sex and energy intake.

1 Further adjusted for race, intake of fat, leisure time physical activity, education, income, smoking and alcohol drinking.

} Further adjusted for BMI (continuous) and hypertension.

1:04), 0-75 (95% CI 0-61, 0-93) and 0-77 (95% CI 0-59, 1-01)
across the quartiles of Se intake (Pgo; yrena 0-024). No significant
association between Se intake with CVD mortality or cancer mor-
tality was found. However, Se intake was inversely associated
with other cause mortality. When comparing the extreme quar-
tiles of Se intake, the HR for other mortality was 0-60 (95 % CI
0-40, 0-89) in the fully adjusted model. In sensitivity analysis
using Se intake as a continuous variable, per 100 pg /d increment
of Se intake had an HR of 0-75 (95 % CI 0-60, 0-95) (P 0-015) for
all-cause mortality.

Interaction between diabetes, sex, ethnicity and selenium
intake

There was a significant interaction between ethnicity and Se
intake in relation to all-cause mortality (Fig. 3). The inverse asso-
ciation between Se intake and all-cause mortality was only
observed in white ethnicity. No interaction between Se intake,
sex and diabetes was found in relation to all-cause mortality.
However, if we used the first-day food recall data without
excluding misreporting of EI, there was a significant interaction
between Se intake and sex and diabetes. The inverse association
between Se intake and all-cause mortality was only observed in
women and those without diabetes (data not shown). No inter-
action between dietary supplement use and Se intake was found
(data not shown).

Discussion

In this study, the association between Se intake and diabetes was
investigated in a representative sample of the US population
aged 20 years and above. Data collected from six cycles of
NHANES from 2003 to 2014 demonstrated a significant positive
association between Se intake and diabetes. During a mean of
6-6 years follow-up, Se intake was inversely associated with
all-cause mortality. Compared with low intake of Se intake, high
intake was associated with 23 % reduced risk of all-cause mortal-
ity. The association between Se intake and mortality was only
seen for causes other than CVD/cancer and was only among
white. There was a significant ethnicity and Se intake interaction
in relation to all-cause mortality.

Our findings suggested a higher intake of Se is associated
with an increased prevalence of diabetes. The findings are con-
sistent with the existing limited number of studies that have
assessed the association between dietary Se intake and diabe-
tes(!11225 A study conducted in Italian adults showed that each
increment of 50 pg/d dietary Se intake was associated with an
increase in fasting blood glucose concentrations by 0-14
mmol/l and 0-11 mmol/l in men and women, respectively®.
In a cross-sectional study of 5423 Chinese adults, compared with
low intake of Se, high intake (highest quartile) was associated
with an increased likelihood of having diabetes (OR 1-52,
95% CI 1.01, 2-28)'?. Tt is worth noting that participants in
the Chinese study had an average daily dietary Se intake of
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Figure 3. Association between quartiles of Se intake and all-cause mortality by diabetes status, sex and race among participants attending NHANES 2003-2014 (n
18 910). Models were adjusted for age, sex, race, intake of fat and energy, leisure time physical activity, education, income, smoking and alcohol drinking, BMI (con-
tinuous) and hypertension. Stratification variables were not adjusted in corresponding models. HR for diabetes and quartiles of Se interaction was 1-04 (95 % Cl 0-62,
1.72),1-60 (95 % CI1 1-06, 2-41) and 1-15 (95 % CI1 0-69, 1-91) for quartiles 2, 3 and 4, respectively. HR for sex and quartiles of Se interaction was 0-90 (95 % CI 0-63, 1-27),
1-11 (95 % CI1 0-67, 1-83) and 0-97 (95 % CI 0-54, 1.75) for quartiles 2, 3 and 4, respectively. HR for Se intake (continuous) and race interaction was 1-006 (95 % CI 1-002,
1-010), 1-008 (95 % CI 1-004, 1-012), 1-009 (95 % CI 1-004, 1-014) for non-Hispanic black, Mexican American/Hispanic and others, respectively.
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43-51 pg/d, which is much lower than the intakes in the US
population.

Se supplementation has been found to be positively associ-
ated with diabetes?2%_ A meta-analysis of experimental studies
revealed 11 % increased risk of diabetes in people supplemented
with Se as compared with placebo®. Furthermore, a rando-
mised, placebo-controlled trial indicated adverse effects of Se
supplementation on plasma glucose homoeostasis in patients
with type 2 diabetes®”.

Although the mechanisms of the positive association between
Se and diabetes are not clear, evidence from animal studies pro-
vides some clues. Se is known for its antioxidant properties.
However, the safe window of Se seems to be narrow. Some Se
compounds are associated with the generation and accumulation
of reactive oxygen species, which ultimately leads to insulin resis-
tance®-3Y, High intakes of Se promote activities of the enzymes
containing Se (e.g. glutathione peroxidase 1, Selenoprotein S and
Selenoprotein P)®32), This up-regulation can interfere in insulin sig-
nalling pathways. Increased expression of hepatic Selenoprotein P
mRNA was correlated with a reduction in glucose tolerance and
high levels of glucose in the fasting stage, both of which are indica-
tive of insulin resistance®®. In contrast, Selenoprotein P deletion in
mice provided protection against insulin resistance and diet-
induced obesity™®. The role of Selenoprotein P in down-regulating
insulin signalling pathways makes it as a drug target for treating dia-
betes. Metformin, one of the most common drugs prescribed for
controlling blood glucose, suppresses Selenoprotein P expres-
sion®®. Furthermore, the overexpression of these Selenoproteins
can lead to over-scavenging of hydrogen peroxide, which can
reduce oxidative inhibition of tyrosine phosphatase and counteract
insulin signalling pathways®23>,

Despite a positive relation with diabetes in the study, Se
intake was inversely associated with all-cause mortality but
not with CVD or cancer mortality. The findings are partly in line
with other studies"®. A prospective cohort study among Chinese
adults found an inverse association between dietary Se intake
and all-cause mortality and CVD mortality'?. When comparing
the extreme quintiles, HR for all-cause mortality was 0-79 (95 %
CI 0-71, 0-88) for women and 0-79 (95 % CI 0-70, 0-89) for men;
HR for CVD mortality was 0-80 (95 % CI 0-66, 0-98) for women
and 0-66 (95 % CI 0-54, 0-82) for men'¥. Most studies on Se status
and mortality focused on serum Se and found an inverse associ-
ation between the two®3%_In NHANES 111, a non-linear inverse
association between serum Se levels and all-cause mortality was
found®®, Increase in serum Se levels up to 130 ng/ml was asso-
ciated with decreased mortality. In contrast to these findings, a
study conducted in LinXian China found no significant associa-
tion between baseline serum Se (mean =73 pg/l) and all-cause
mortality (RR = 0-93 (95 % CI 0-72, 1-19)%.

The underlying biological mechanisms related to high Se
intakes and decreased mortality risk remain to be explored. If
the inverse association is due to the antioxidant effect of Se,
we would expect to see an inverse association with CVD or
cancer mortality. However, in the study, no such inverse associ-
ations were seen. Further studies with repeated measures of Se
intake in different populations should be conducted.

In the analysis using first-day food intake data without
excluding those who misreported EI, a significant interaction

between Se intake, sex and diabetes was found. However, no
such interactions were found when we used the 2-d mean intake
and excluded those who misreported EI. It suggests the impor-
tance of the use of valid food intake data. The interaction
between Se intake and race in relation to all-cause mortality is
unexpected. It could be due to residual confounding.

The study has several strengths. Firstly, we used six cycles of
NHANES data. The study sample represents the general popula-
tion. The sample size is large and improves precision of estimates.
The findings are generalisable. Secondly, the extensive data on
risk factors and cofounding variables for the outcome measures
permitted comprehensive adjustments  of
However, several limitations also exist that merit consideration.
First, the dietary intake was measured via 24-h recalls and did
not represent long-term dietary habits. The analysis on the asso-
ciation between Se intake and diabetes was cross-sectional study
design. Itis not possible to claim any causation. Although we have
adjusted a variety of the confounding variables, residual or
unmeasured confounding may still exist. In the longitudinal mor-
tality analysis, the use of baseline dietary Se is another limitation.
Dietary habits may change over time. Further researches with
multiple waves of Se intake are warranted. In the present study,
serum Se data were not analysed. However, our findings are sup-
ported by other publications on the association between serum Se
and diabetes or mortality using data from NHANESG*40,
Furthermore, diabetes treatment was not adjusted in the analysis.
However, in the subgroup analyses, we did not find interaction
between Se intake and diabetes in relation to mortality.

confounders.

Conclusion

High Se intake was positively associated with diabetes but
inversely associated with all-cause mortality in the US adults.
High se intakes reduced the risk of all-cause mortality in white
but not other ethnicity. There is no interaction between se intake
and diabetes in relation to all-cause mortality. In future research,
longitudinal studies with repeated measures of se intake and
serum se in different populations are warranted to validate the
findings.
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