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The relation of the intake of selenium and different food groups to serum levels of selenium, glutathione
peroxidase and selenoproteinP, and urinary selenium was studied in 50- to 69-year-old subjects (101 men, 105
women). Blood was sampled six times during the course of 1 year, and during the same time the subjects
performed six 3-day weighed dietary records. The concentration of glutathione peroxidase in serum was higher
among men (4.3 (0.74) mg/L) (mean (SD)) than among women (4.0 (0.76) mg/L,P , 0.03), whereas men had
lower serum selenium (1.10 (0.17)mmol/L) vs. 1.17 (0.19)mmol/L,P, 0.01). The intake of selenium among men
was calculated to be 36 (18–54)mg/day and among women 29 (13–48)mg/day (geometric means (90% central
range)), but there was no significant gender difference when the selenium intake was corrected for energy intake.
No difference between men and women was observed for serum selenoprotein P (1.47 (0.25) a.u. versus 1.47
(0.24) a.u. (mean(SD)) or urinary selenium excretion (0.31 (0.09)mmol/d vs. 0.27 (0.08)mmol/d). Serum
selenium was significantly associated with selenoprotein P in both sexes but with glutathione peroxidase only in
men. Serum selenium had a marked association with urinary selenium excretion. Selenium intake was
significantly associated with serum selenium in men, and with selenoprotein P and urinary selenium in women.
Among 11 major food groups, the intakes of fish and milk products were significantly associated with biomarkers
of selenium status among women. Calculation of the association between biomarkers of selenium status and
variables on intake and serum content of nutrients using multiple regression analysis resulted in most cases in
low explanatory power. The variables most consistently related to more than one variable of selenium status were
serum levels of retinol,a-tocopherol and eicosapentaenoic acid, and intake of protein. The study shows that
individual biomarkers of selenium status are associated differently to variables on dietary intake and nutritional
status. (J. Nutr. Biochem. 8:508–517, 1997)© Elsevier Science Inc. 1997
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Introduction

The concentration of selenium in plasma or blood is often
used as an index of selenium status in epidemiologic and
clinical studies.1–6 The plasma level responds more rapidly
to changes in selenium balance than the blood level. The
interpretation of such changes is complicated by the fact
that the chemical composition of selenium compounds in
plasma and erythrocytes is only partly known. It has been
established for some time that extracellular glutathione
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peroxidase (eGSHPx) is a selenoprotein in plasma,7 and
recently another selenoprotein, selenoprotein P, has been
found in human plasma, accounting for a large part of
plasma selenium.8 Radioimmunoassays have been devel-
oped to measure these proteins.8–10

The concentration of selenium and selenoproteins in
tissues can be influenced by selenium intake,11–13 but the
relation of the intake of different foods to selenium and
selenoprotein concentrations in humans is incompletely
known. There is also a need to assess the influence of other
life-style variables than dietary intake on biomarkers of
selenium status. Moreover, because glutathione peroxidases
and maybe other selenoproteins are believed to act as
components of the oxidant defence, their interaction with
other antioxidants needs further study. In the present study
the mutual relationships of eGSHPx, selenoprotein P, and
selenium in serum, and selenium in urine were investigated.
In addition their associations to dietary intake, some life-
style variables and serum antioxidant levels were studied.

Methods and materials

Study design

Nine hundred subjects (50 to 69 years old) living in Malmo¨ were
randomly selected from the population register and invited to
participate in the study as described in detail elsewhere.14–16 To
screen the subjects for inclusion in the study, they completed a
medical questionnaire and underwent a medical examination,
including assays of clinical-chemical variables. Of the 900 sub-
jects, 552 (61%) took part in this health survey.15 Nineteen
subjects were excluded for medical reasons or because of language
problems, and from the remainder, 375 subjects were offered to
participate in this dietary study. As evidenced by participation in
the first blood sampling, 339 subjects actually started the study,
and 206 subjects (101 men and 105 women) completed the study
based on the participation in blood sampling and on the quality of
dietary information provided. Of these subjects, 45 were smokers
(31 men and 14 women).

Dietary assessment

During the course of approximately 1 year, the subjects performed
six weighed 3-day dietary records, and six blood samples were
taken during the same period. The sampling periods were evenly
distributed during the year, and each 3-day record was performed
within 1 week. For technical reasons, the first sampling preceded
the first dietary record period by a mean of 38 days, and the last
sampling was performed 26 days after the sixth dietary record
period. For the four intermediary periods, the interval between the
first day of record and the blood sampling was usually 1 day. The
food data were coded by nutritionists and the nutrient intake was
calculated using the Swedish Food Tables covering 34 nutrients
for approximately 1,500 food items.16,17 Besides, 24-hr urinary
specimens from 66 subjects (34 men and 32 women) were
obtained on 8 days during part of the experimental period.

Biochemical methods

Blood samples were obtained from an antecubital vein using
vacuum tubes containing a serum separator. On the first and sixth
occasions, the samples were drawn in the morning, while the
subjects had been fasting for.8 hr, and on the other occasions the
subjects were in the nonfasting state. After centrifugation of blood,
serum was stored at270°C until analysis. In the first serum

sample, the concentrations of cholesterol, HDL-cholesterol, tri-
glyceride, creatinine, albumin, cobalamin, folate, and alanine
aminotransferase were measured.

Serum selenium,a-tocopherol, retinol, total carotenoids, and
ascorbic acid were measured in six samples from 206 subjects, and
eGSHPx and selenoproteinP were measured in six samples from
127 subjects. Urinary selenium was measured in eight daily
samples from 66 subjects. Fatty acid composition of serum
phosphatidylcholine was measured in the first sample from 206
subjects.

eGSHPx was assayed by a radioimmunoassay using a poly-
clonal antiserum as described elsewhere.9 A calibration curve was
constructed using different amounts of a normal human serum
pool, and the within-assay and between-assay variation in the
analysis of eGSHPx concentration were 7.0% and 7.4% (c.v.),
respectively. Selenoprotein P was measured by a similar radioim-
munoassay as described elsewhere.10 Serum selenium was ana-
lyzed by atomic absorption spectrophotometry using Zeeman
background correction.18 Urinary selenium was measured using a
fluorimetric method.19 Retinol, a-tocopherol, carotenoids, ascor-
bic acid and fatty acid composition were measured as described
previously,20 and the data will be described in detail elsewhere.

Statistical calculations

Data on nutrient and food intake were calculated as the mean value
of 18 days of weighed food records. These data were loge-
transformed to improve normality, and transformed data were used
unless indicated. Energy-adjusted intakes of selenium and major
food groups were calculated as described by Stryker et al.21 Data
on ascorbic acid, creatinine, selenium, eGSHPx, and selenoprotein
P in serum and urinary selenium were used without transformation,
other data on serum concentrations were loge-transformed. Data on
smoking habits were obtained from the questionnaire,15 and in
some calculations, the data was expressed as the amount of
tobacco used (g/d) and in others smokers and nonsmokers were
indicated by a categorical variable. Data on alcohol intake were
obtained from the dietary records. Data on age, body mass index,
tobacco, and alcohol habits were used without transformation. In
comparison of selenium intake among men and women the data
were backtransformed and expressed as the ratio of geometric
means with its 95% confidence interval.22 The associations of
serum and urinary selenium and serum selenoprotein levels to
other variables were assessed from linear correlation coefficients
and from multiple linear regression analysis with an index of
selenium status as the dependent variable and other variables as
independent ones. Gender was indicated by a categorical variable
(men5 0, women5 1).

Data on intake and serum levels were obtained six times during
the study. Sampling No. 1 was performed in September–October,
No. 2 in December to February, No. 3 in February to April, No. 4
in April to June, No. 5 in June to August, and No. 6 in September
to October. Systematic seasonal variation in selenium intake or
biomarkers of selenium status in serum at the six occasions was
evaluated by Friedman’s two-way analysis of variance (ANOVA).

Results

Selenium intake and selenium status

The dietary selenium intake was higher in men than in
women and the difference was similar at all sampling times
(Table 1). The geometric mean ratio (95% CI) men/women
with respect to the mean intake at six recording periods was
1.26 (1.15, 1.38), but the energy-adjusted selenium intake
was not significantly different in men and women (ratio:
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1.00 (0.92, 1.09)). Men had a significantly lower concen-
tration of serum selenium, and the mean from six samplings
for men was 6% lower than that of women, and a similar
pattern was observed for all six occasions (Table 1).

In contrast, the mean concentration of eGSHPx in serum
at six samplings was significantly higher in men than in
women (7%), and in this case a similar pattern was observed
at the four intermediary samplings, whereas the differences
at the first and sixth samplings seemed smaller (Table 2). In
contrast, there was no significant difference in the concen-
tration of selenoprotein P in serum between men and
women.

Friedman’s two-way ANOVA indicated significant sea-
sonal variation in glutathione peroxidase (P 5 0.004) and
serum selenium (P 5 0.003) concentrations in the male
group. Glutatione peroxidase concentrations were margin-
ally lower at samplings 1 and 6, and serum selenium was
highest at samplings 2 and 4, but the differences between
samplings in this respect were small. There was no signif-
icant systematic seasonal variation in serum selenoprotein P
or selenium intake in the whole group or the gender groups.

The mean 24-hr urinary selenium excretion measured on
8 days tended to be higher in men (0.31 (0.09)mmol/d) than
in women (0.27 (0.08)mmol/d), but the difference (95% CI)
0.03 (20.01, 0.08)mmol/d was not statistically significant.
It could be calculated that the urinary excretion of selenium
corresponded to 75% (32) (men) and 78% (31) (women)
(mean(SD)) of the calculated dietary selenium intake.

Associations among biomarkers of selenium status

Serum selenium was correlated to eGSHPx in men but not
in women (Table 2). Serum selenium was also significantly
associated with serum selenoprotein P in both sexes (Figure
1). There were also strong positive correlations between
serum selenium and urinary selenium excretion in both men
and women. Selenoprotein P was significantly associated
with urinary selenium excretion in men but not in women.
eGSHPx was not significantly correlated to selenoprotein P
or to urinary selenium.

Relation between the intake of selenium and other
nutrients and biomarkers of selenium status

The mean selenium intake was associated with serum
selenium in men, and the association tended to increase after
correction for energy intake (Table 2). In contrast, selenium
intake was associated with selenoprotein P only in women
and to urinary selenium excretion again only in women after
correction for energy intake. No significant correlations
between eGSHPx and selenium intake were observed.

Besides the associations between selenium intake and
selenium status there were only few significant correlations
between nutrient intake and biomarkers of selenium status
(Table 2). Several significant associations between protein
intake and selenium status were observed, which can be
explained by the preferential occurrence of selenium in
protein-rich foods such as meat, milk, fish, and egg.

The association between selenium status and nutrient

Table 1 Selenium status in different seasons

Sampling no.

1 2 3 4 5 6 Mean n

Selenium intake (mg/d)
Men 32 31 31 34 31 33 33 101
Women 26 25 24 26 27 23 26 105
Ratio 1.26 1.21 1.33 1.33 1.16 1.39 1.26
Men-women

(95% CI)
(1.09, 1.45) (1.05, 1.39) (1.16, 1.53) (1.16, 1.52) (1.00, 1.35) (1.20, 1.60) (1.15, 1.38)

Serum selenium (mmol/l)
Men 1.09 1.12 1.09 1.12 1.09 1.10 1.10 99–101
Women 1.16 1.17 1.17 1.18 1.18 1.15 1.17 102–105
Difference 20.07 20.05 20.07 20.07 20.09 20.06 20.07
Men-women

(95% CI)
(20.12, 20.01) (20.11, 0.01) (20.13, 20.02) (20.12, 20.01) (20.15, 20.03) (20.11, 20.03) (20.12, 20.02)

eGSHPx (mg/l)
Men 4.05 4.36 4.34 4.45 4.29 4.09 4.30 55–98
Women 3.99 4.01 3.96 4.03 3.86 3.80 4.00 71–99
Difference 0.06 0.35 0.38 0.42 0.26 0.12 0.30
Men-women

(95% CI)
(20.17, 0.29) (0.07, 0.63) (0.06, 0.69) (0.12, 0.72) (20.01, 0.52) (20.12, 0.36) (0.04, 0.57)

Selenoprotein P (a.u.)
Men 1.48 1.51 1.48 1.47 1.47 1.46 1.47 55–82
Women 1.49 1.47 1.47 1.49 1.48 1.48 1.47 71–90
Difference 20.01 0.04 0.00 20.01 20.01 20.02 0.00
Men-women

(95% CI)
(20.09, 0.07) (20.06, 0.14) (20.10, 0.10) (20.12, 0.09) (20.10, 0.08) (20.09, 0.06) (20.09, 0.09)

Dietary selenium intake and serum selenium, glutathione peroxidase (eGSHPx), and selenoprotein P concentrations in 50- to 69-year-old subjects at
six samplings during 1 year. Data on selenium intake are expressed as geometric means and the comparison between men and women is expressed
as the ratio of geometric means with its 95% confidence interval. Data on serum levels are given as arithmetic means together with the gender
difference (95% CI).
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intake was further studied by multiple regression analysis.
Serum selenium, eGSHPx, selenoprotein P, or urinary
selenium was set as the dependent variable, and the intake
of selenium, energy, protein, total carbohydrates, alcohol,
total fat, fibre, ascorbic acid,b-carotene, retinol,a-tocoph-
erol, folate, and, moreover, gender as independent variables.

Only low explanatory power was observed when serum
selenium in the total study group was the dependent
variable, the adjustedR2 being 0.07 when three variables
(intakes of selenium (P 5 0.009(1)), energy (P 5
0.0001(2)) anda-tocopherol (P 5 0.08(1)) were kept in
the model. (TheP value indicates the significance of the
association, and the ensuing sign shows whether it was
positive or negative). When the same calculation was made
for the male group similar results were obtained, but in
females no significant associations were observed.

When eGSHPx was the dependent variable, an adjusted
R2 of 0.09 was observed with only retinol intake as
independent variable (P 5 0.0003(1)). For the male
group, no significant associations were found. In the female
group, the adjustedR2 was 0.15 with three variables remaining,
energy (P 5 0.04(2)), protein (P 5 0.05(1)), and retinol
(P 5 0.05(1)).

When selenoprotein P was the dependent variable, a
model with two independent variables was obtained, sele-
nium intake (P 5 0.002(1)) and fat intake (P 5
0.03(2)) with an adjustedR2 of 0.07. In the male group no
such associations were found, and in the female group and
adjustedR2 of 0.07 was obtained with selenium intake as
the only variable (P 5 0.013(1)).

Finally, when urinary selenium was the dependent vari-
able an adjustedR2 of 0.40 was found with four intake

Table 2 Biochemical markers of selenium status in relation to dietary intake

Serum selenium
(mmol/l)

eGSHPx
(mg/l)

Selenoprotein P
(a.u.)

Urinary selenium
(mmol/d)

Men
eGSHPx 0.31 (P 5 0.020)
Selenoprotein P 0.59 (P , 0.001) 0.15
Urinary selenium 0.61 (P , 0.001) 20.09 0.64 (P 5 0.019)
Energy 20.08 0.07 20.02 0.14
Fat (E%) 20.06 0.14 20.01 0.06
Protein (E%) 0.24 (P 5 0.018) 0.01 0.16 0.08
Carbohydrate (E%) 20.01 20.02 0.02 20.09
Alcohol (E%) 0.10 0.10 0.08 0.04
Selenium 0.23 (P 5 0.022) 0.10 0.14 0.20
Seleniuma 0.30 (P 5 0.003) 0.08 0.20 0.17
Retinol equiv. 20.01 0.08 0.15 20.08
a-Tocopherol 0.02 0.17 0.10 0.14
Ascorbic acid 0.05 20.16 0.07 20.08

Women
eGSHPx 0.02
Selenoprotein P 0.35 (P 5 0.003) 0.23 (P 5 0.055)
Urinary selenium 0.58 (P 5 0.001) 0.15 0.22
Energy 20.07 0.05 20.07 20.27
Fat (E%) 20.08 20.09 20.07 0.29
Protein (E%) 0.03 0.31 (P 5 0.009) 0.34 (P 5 0.004) 0.51 (P 5 0.004)
Carbohydrate (E%) 20.00 0.01 20.11 0.18
Alcohol (E%) 0.10 0.10 0.08 0.04
Selenium 0.10 0.22 (P 5 0.07) 0.30 (P 5 0.012) 0.27
Seleniuma 0.13 0.21 (P 5 0.008) 0.34 (P 5 0.004) 0.37 (P 5 0.04)
Retinol equiv. 20.05 0.28 (P 5 0.019) 0.07 0.30
a-Tocopherol 0.08 20.00 0.00 20.29
Ascorbic acid 0.00 0.01 20.08 0.05

Pearson correlation coefficients between different indices of selenium status and the intake of selenium and some other nutrients. Loge-transformed
data on nutrient intake (mean from 18 days) were used except for alcohol. Data on serum levels were means from six samples and urinary data were
means from eight samples. The number of subjects (men/women) was 101/105 for serum selenium, 56/71 for eGSHPx and selenoprotein P, and
30/30 for urinary selenium. P values are given if #0.10.
a, corrected for energy intake

Figure 1 Relation between selenoprotein P and selenium in serum for
126 (55 men/71 women) 50–69-year-old residents of Malmö. The
correlation coefficient for men was 0.59, P , 0.001 and for women
0.35, P 5 0.003 (triangles, men; squares, women).
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variables remaining (protein (P 5 0.022(1)), fat (P 5
0.052(2)), b-carotene (P 5 0.004(1)), and fibre (P 5
0.016(2))). In themale group, an adjustedR2 of 0.34 was
obtained with six intake variables remaining in the model
(energy (P 5 0.0009(1)), carbohydrates (P 5 0.001(2)), fibre
(P 5 0.0013(1)), retinol (P 5 0.02(2)), and folate (P 5
0.09(2))). For thefemale group, the adjustedR2 was 0.40
with four variables remaining (protein (P 5 0.02(1)), fat
(P 5 0.05(2)), fibre (P 5 0.016(2)), and b-carotene
(P 5 0.004(1))).

Thus, also these calculations showed that selenium
intake was associated to serum selenium and selenoprotein
P but not to eGSHPx. The complex pattern of variables
found to be related to urinary selenium may be attributable
to the smaller number of subjects used or to strong inter-
correlations between independent variables. There were no
associations between selenium status or intake and smoking
habits.

Relation between the intake of food groups and
selenium status

For this calculation, the intake of 11 major food groups was
corrected for energy intake, which, in most cases tended to
give somewhat higher correlation coefficients between food
intake and selenium status than without such correction.
The most consistent positive associations to selenium status
were observed for the women’s intake of milk products
(r 5 0.08, 0.27/P 5 0.02/ and 0.45/P 5 0.01/ forserum
selenium, selenoprotein P and urinary selenium, respec-
tively) and fish (r 5 0.22/P 5 0.023/, 0.22/P 5 0.06/
and 0.40/P 5 0.03/ for serum selenium, selenoprotein P
and urinary selenium, respectively). No significant correla-
tions were observed between eGSHPx and the intake of
food groups.

Multiple regression analysis was used to further study
the association between serum selenium (dependent vari-
able) and the intake of eleven food groups (independent
variables in addition to energy intake and gender). In a
model where fish intake (P 5 0.003(1)) and energy intake
(P 5 0.004(2)) were the remaining independent vari-
ables, the adjustedR2 was 0.06. For the male group, an
adjustedR2 of 0.11 was obtained with four variables, intake
of potato (P 5 0.005(2)), meat (P 5 0.02(1)), fish
(P 5 0.04(1)), and rice plus pasta (P 5 0.05(1)), and
for the female group, the adjustedR2 was 0.14 with three
variables: fish intake (P 5 0.07(1)), egg intake (P 5
0.09(2)), and intake of rice plus pasta (P 5 0.0015(2)).
Also, when eGSHPx was the dependent variable, a low
adjustedR2 of 0.06 was observed with two independent
variables remaining (intake of meat (P 5 0.04(1)) and
bread (P 5 0.05(1))). Separate calculations for the gender
groups showed no significant associations.

With the selenoprotein P level as the dependent variable,
a model with four independent variables emerged, intake of
energy (P 5 0.04(2)), fish (P 5 0.02(1)), egg (P 5
0.02(1)), and cereals plus grains (P 5 0.09(1)) and an
adjustedR2 of 0.07. No associations were found in the male
group, and for women three remaining variables were
obtained, intake of fish (P 5 0.04(1)), egg (P 5
0.01(1)), and fats (P 5 0.01(2)) with an adjustedR2 of

0.15. When urinary selenium was the dependent variable an
adjusted R2 of 0.10 was found with two independent
variables (intake of fish (P 5 0.02(1)) and the gender
variable (P 5 0.06(1)). No consistent pattern was found
for each gender group.

Thus, also in these calculations the intake of fish and to
some extent those of egg and meat showed positive associ-
ations to selenium status. The reason why no relation was
found for milk products as in the correlation analysis, is
probably the presence of strong intercorrelations between
independent variables.

Relation between concentrations of nutrients in
serum and selenium status

Serum retinol was positively correlated to serum selenium,
negatively to eGSHPx and also showed some association to
selenoprotein P and urinary selenium excretion (Table 3).
Also seruma-tocopherol was positively associated to serum
selenium (Figure 2), selenoprotein P and urinary selenium.
Significant associations between selenium status and the
fatty acid composition of serum phosphatidylcholine were
also observed, especially between selenium or selenoprotein
P and individual or total n-3 fatty acids (Table 3). This can
probably be explained by the association of these fatty acids
with fish intake.

Relation of selenium status to general clinical-
chemical variables

Because a major part of the eGSHPx in serum is produced
in the kidney, the association of its concentration to serum
creatinine was studied. Indeed, the inverse correlation
observed between creatinine and eGSHPx was the most
consistent association to clinical-chemical variables in both
sexes (Table 3). Similar correlations were observed when
the mean eGSHPx from six samplings, the mean of the first
and sixth samplings, or data from the first sampling only
was used. In most cases the correlation was not materially
affected when the few subjects with supernormal values of
serum creatinine were excluded from the calculation. Uri-
nary selenium excretion showed a positive association to
creatinine in both sexes, and selenoprotein P showed a
positive association in men. As expected also serum retinol
was correlated to serum creatinine. Among serum lipids,
HDL cholesterol was associated with eGSHPx concentra-
tion in both sexes, but no mechanism for this association is
known.

The associations between serum selenium and serum
analytes (ascorbic acid,a-tocopherol, carotenoids, retinol,
cobalamin, folate, creatinine, cholesterol, HDL-cholesterol,
triglyceride, albumin, alanine aminotransferase) and gender
were also studied using multiple regression analysis. In the
whole study group, an adjustedR2 of 0.16 was found with
six variables in the model withP values,0.05 for cobal-
amin, a-tocopherol, and retinol, and,0.10 for albumin,
ascorbic acid, and the gender variable (all associations
positive). For the male group a significant association was
observed only for seruma-tocopherol (P 5 0.01(1)) and
albumin (P 5 0.014(1)) with an adjustedR2 of 0.11. For
women the adjustedR2 was 0.25 withP values,0.05 for
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cobalamin, carotenoids (negative), retinol, ascorbic acid and
P 5 0.06 foralanine aminotransferase. When eGSHPx was
the dependent variable an adjustedR2 of 0.20 was obtained
with five independent variables (gender (P 5 0.0006(2)),
HDL-cholesterol (P 5 0.025(1)), folate (P 5 0.012(1)),
retinol (P 5 0.05(2)), and creatinine (P 5 0.0001(2))).
Among men, the adjustedR2 was 0.13 with two variables in
the model (albumin (P 5 0.05(1)) and creatinine (P 5
0.0003(2))) and among women 0.29 with three variables
remaining (triglyceride (P 5 0.004(2)), folate (P 5
0.004(1)), and creatinine (P 5 0.002(2))). Finally, when
selenoprotein P was the dependent variable, a model with

four independent variables (ascorbic acid (P 5 0.01(1)),
cobalamin (P 5 0.04(1)), retinol (P 5 0.05(1)), and
creatinine (P 5 0.07(1)) gave an adjustedR2 of 0.10.
Among men, an adjustedR2 of 0.13 was found with retinol
(P 5 0.02(1)) anda-tocopherol (P 5 0.06(1)) as explan-
atory variables, and in women, an adjustedR2 of 0.10 was
found with cobalamin (P 5 0.03(1)), retinol (P 5
0.06(1)), and ascorbic acid (P 5 0.08(1)) as independent
variables.

After this search within different categories of variables,
the 18 variables most associated to selenium status and the
gender variable were entered in the same model as indepen-

Table 3 Relationships of biochemical markers of selenium status to plasma analysis and anthropometrical variables

Serum selenium
(mmol/l)

eGSHPx
(mg/l)

Selenoprotein P
(a.u.)

Urinary selenium
(mmol/d)

Men
a-Tocopherol 0.35 (P , 0.001) 0.29 (P 5 0.03) 0.27 (P 5 0.047) 0.44 (P 5 0.016)
Retinol 0.28 (P 5 0.004) 20.31 (P 5 0.019) 0.35 (P 5 0.009) 0.28
Carotenoids 0.19 (P 5 0.06) 0.09 0.30 (P 5 0.025) 0.23
Ascorbic acid 0.16 0.06 0.29 (P 5 0.031) 0.20
18:2 20.13 0.16 20.12 0.13
20:4 0.10 0.10 0.13 0.18
Total n-6 20.14 0.19 (P 5 0.07) 20.08 0.15
20:5 0.17 (P 5 0.08) 20.11 0.22 (P 5 0.044) 0.21
22:6 0.20 (P 5 0.043) 20.13 0.17 0.08
Total n-3 0.20 (P 5 0.048) 20.14 0.19 (P 5 0.10) 0.12
Cholesterol 0.16 0.05 0.03 0.16
HDL cholesterol 20.02 0.18 (P 5 0.08) 20.12 0.05
Triglyceride 0.18 (P 5 0.08) 20.13 0.29 (P 5 0.011) 0.16
Albumin 0.25 (P 5 0.014) 0.14 0.06 0.09
Creatinine 0.05 20.34 (P 5 0.001) 0.27 (P 5 0.016) 0.45 (P 5 0.016)
Cobalamin 0.18 (P 5 0.08) 0.04 0.06 0.25
Folate 0.07 0.05 20.07 0.15
Body mass index 0.20 (P 5 0.046) 20.11 0.16 0.17
Body weight 0.21 (P 5 0.038) 20.18 (P 5 0.09) 0.23 (P 5 0.040) 0.33 (P 5 0.09)
Waist-hip-ratio 0.07 20.34 (P 5 0.001) 0.12 0.39 (P 5 0.037)
Age 0.08 20.05 20.05 0.27

Women
a-Tocopherol 0.45 (P , 0.001) 20.17 0.20 (P 5 0.10) 0.33 (P 5 0.07)
Retinol 0.32 (P 5 0.001) 20.38 (P 5 0.001) 0.17 0.39 (P 5 0.033)
Carotenoids 0.02 0.08 0.07 20.40 (P 5 0.029)
Ascorbic acid 0.18 (P 5 0.06) 0.10 0.10 20.05
18:2 20.22 (P 5 0.023) 20.02 20.12 20.47 (P 5 0.008)
20:4 0.01 0.21 (P 5 0.034) 20.01 0.27
Total n-6 20.24 (P 5 0.013) 0.11 20.16 20.30
20:5 0.25 (P 5 0.012) 0.05 0.33 (P 5 0.001) 0.28
22:6 0.08 20.01 0.12 0.30
Total n-3 0.15 0.00 0.20 (P 5 0.056) 0.31 (P 5 0.09)
Cholesterol 0.17 (P 5 0.09) 20.17 (P 5 0.09) 0.13 0.15
HDL cholesterol 20.03 0.24 (P 5 0.016) 0.08 20.32 (P 5 0.09)
Triglyceride 0.04 20.33 (P 5 0.001) 20.10 0.44 (P 5 0.017)
Albumin 0.16 20.00 0.01 0.02
Creatinine 0.01 20.42 (P , 0.001) 0.11 0.19
Cobalamin 0.22 (P 5 0.025) 0.19 (P 5 0.06) 0.23 (P 5 0.03) 0.10
Folate 0.07 0.36 (P , 0.001) 0.11 0.01
Body mass index 20.09 20.20 (P 5 0.053) 20.07 0.37 (P 5 0.046)
Body weight 20.09 20.13 20.10 0.44 (P 5 0.016)
Waist-hip-ratio 20.03 20.07 20.05 0.08
Age 0.06 20.26 (P 5 0.011) 0.01 0.26

Pearson correlation coefficients of different indices of selenium status to the concentration in serum of other nutrients, lipids and other components,
anthropometrical indices, and PUFA composition of serum phosphatidylcholine (expressed as % of total fatty acids and then loge-transformed).
Loge-transformed data on serum lipids, vitamins and albumin were used. Data on serum levels of selenium components, a-tocopherol, retinol,
carotenoids, and ascorbic acid were means from six samples and urinary data were means from eight samples. Other data on serum levels were
obtained from the first sampling. The number of subjects (men/women) was 101/103 for serum selenium, 56/70 for eGSHPx, 55/70 for selenoprotein
P and 30/30 for urinary selenium. Fatty acids are abbreviated as no. of carbon atoms: number of double bonds. P values are given if #0.10.

Plasma selenoproteins as indices of selenium status: Åkesson et al.

J. Nutr. Biochem., 1997, vol. 8, September 513



dent variables (intake of selenium, protein, retinol,a-
tocopherol, fibre, energy, meat, egg, fish and fats, serum
levels of retinol, cobalamin,a-tocopherol, ascorbic acid,
creatinine, albumin and eicosapentaenoic acid, and body
mass index). Intake of fish and fats, serum levels of
a-tocopherol and retinol and the proportion of eicosapenta-
enoic acid in serum phosphatidylcholine were the variables
significantly associated to serum selenium levels in this
model yielding an adjustedR2 of 0.30 (Table 4). For
eGSHPx the adjustedR2 was 0.26 with the following

remaining variables, energy and protein intake, serum
creatinine and retinol, and gender. For selenoprotein P
levels the adjustedR2 was lower, 0.12, and the remaining
variables were intake of energy anda-tocopherol, albumin
and retinol levels, and the proportion of eicosapentaenoic
acid. Finally, with urinary selenium excretion as the depen-
dent variable an adjustedR2 of 0.37 was obtained with four
variables in the model, seruma-tocopherol, proportion of
eicosapentaenoic acid, body mass index, and the gender
variable. Thus, the variables most consistently related to
more than one variable on selenium status were serum
levels of retinol,a-tocopherol and eicosapentaenoic acid,
and intake of protein. It would have been expected that the
intake of fish or selenium would have been more closely
related, but maybe the eicosapentaenoic acid variable re-
flected these relationships.

Discussion

The established metabolic role of selenium in mammalian
species is tied to its presence in selenocysteine residues in
specific selenoproteins. One of them, eGSHPx, catalyzes
the reduction of different hydroperoxides using glutathione
or the thioredoxin and glutaredoxin systems as electron
donors.7,23 The function of the other selenoprotein demon-
strated in human plasma, selenoprotein P, is unknown, but
it may be involved in the oxidant defense.24 This study
examines the use of the serum levels of these selenoproteins
as biomarkers of selenium status based on their relation-
ships to other markers of selenium status, to dietary intake,
and to circulating levels of other nutrients.

Figure 2 Relation between the concentrations of selenium and a-
tocopherol in serum among 206 (101 men/105 women) 50–69-year-
old residents of Malmö. The correlation coefficient for men was 0.35,
P 5 0.001 and for women 0.45, P , 0.001 (triangles, men; squares,
women).

Table 4 Variables associated to four indices of selenium status in 50–69 year-old subjects using multiple regression analysis

Variables B 95% CI P Multiple R Adj. R2

Serum selenium
Fish intake 0.033 0.002, 0.064 0.035
Fat intake 20.012 20.20, 20.038 0.004
S-a-Tocopherol 0.31 0.20, 0.41 ,0.001
S-Retinol 0.16 0.037, 0.27 0.010
S-20:5 0.077 0.025, 0.13 0.004

0.56 0.30
eGSHPx

Gender 20.52 20.87, 20.17 0.004
Energy intake 21.62 22.62, 20.62 0.002
Protein intake 1.96 1.00, 2.92 ,0.001
S-Retinol 21.11 21.73, 20.48 ,0.001
S-Creatinine 20.014 20.023, 20.0045 0.004

0.54 0.26
Selenoprotein P

Energy intake 20.22 20.43, 20.023 0.029
a-Tocopherol intake 0.15 20.002, 0.30 0.054
S-Albumin 20.76 21.39, 20.13 0.019
S-20:5 0.080 20.015, 0.17 0.098
S-Retinol 0.38 0.16, 0.59 ,0.001

0.40 0.12
Urinary selenium

Gender 20.051 20.088, 20.013 0.009
Body mass index 0.007 0.002, 0.013 0.012
S-a-Tocopherol 0.21 0.12, 0.30 ,0.001
S-20:5 0.070 0.025, 0.11 0.003

0.64 0.37

The prefix S- indicates that the variable is a serum analyte.
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In most previous studies on the relation between serum
selenium and GSHPx, the latter has been measured as
enzymatic activity. In study groups with similar selenium
status as that in the present study, serum selenium was
correlated to serum GSHPx activity (r 5 0.49, P ,
0.001) in 483Swedish 68-year-old men25 and in subjects
from Northern Ireland (r 5 0.58 (P , 0.001) in 52men,
and r 5 0.36 (P , 0.01) in 48 women).26 With the
immunoassay used in the present study,9 a larger sample
throughout is possible. A significant association between
eGSHPx and serum selenium was found by us only in the
male group, and this gender difference has no obvious
explanation. The associations between biomarkers are usu-
ally closer in groups with low or widely varying selenium
status as observed in patients on parenteral nutrition27 and in
Chinese subjects.2,28 In one study, selenium supplementa-
tion raised both plasma glutathione peroxidase activity and
plasma selenium, but groups with higher plasma selenium
obtained a relatively smaller increase in GSHPx than in
selenium concentration,2 indicating that selenoprotein levels
will not reflect changes in selenium intake when it has
reached a level saturating the requirement for synthesis of
the relevant selenoprotein. If it is assumed that steady state
levels of selenoprotein reflect selenium intake, their con-
centration may also be influenced by different responses in
their secretion to or elimination from plasma occurring in
individuals with changing selenium status because of a
differential regulation of the biosynthesis of individual
selenoproteins.11

We found a higher serum selenium in women than in
men, whereas men had higher eGSHPx in serum. The latter
finding agrees with results from another study,26 whereas
discrepant findings on the gender difference in plasma
selenium have been reported,26,29–31 indicating that such
differences depend on local factors rather than on a general
biologic mechanism. No relations of alcohol use or smoking
to serum selenium, eGSHPx, and selenoprotein P were
found in the present study. Previously, discrepant results on
the relation of alcohol consumption to plasma selenium
concentration and GSHPx activity have been reported.32

The absence of a relation between plasma selenium and
smoking habits was also reported in other studies using
multiple regression analysis or other methods.30,31,33

A variable with a major inverse association to eGSHPx
was serum creatinine in agreement with the finding that the
kidney is the main source of plasma eGSHPx.34 In principle,
this association could disguise a relationship between
eGSHPx and other biomarkers of selenium status, but
recalculation of some of the correlation coefficients shown
in Table 2 using instead eGSHPx corrected for serum
creatinine gave only marginal differences. Also, a parallel
study indicated an inverse association between serum cre-
atinine and eGSHPx,35 and similar results were found using
measurement of glutathione peroxidase activity.36

Fewer studies have been made on the association be-
tween selenoprotein P and selenium in plasma. The highest
correlations were also in this case found in studies of
patients on parenteral nutrition,27 of Chinese subjects with
varying selenium status,37 and, moreover, of subjects from
several European countries.38 In most cases, the correlation
coefficients between selenoprotein P and selenium were

higher than those between plasma selenium and eGSHPx.
This may be attributable to selenoprotein P being a larger
fraction of plasma selenium than eGSHPx, and selenopro-
tein P levels being less influenced by factors unrelated to
selenium status such as kidney function.

The associations between selenium intake and biomark-
ers of selenium status found in this study were generally
low. Several additional factors may explain such findings,
one being the source of error involved in the use of food
composition tables to calculate selenium intake. Moreover,
intake of different forms of selenium results in discrepant
responses in biomarkers of selenium status, and such effects
are difficult to account for with the present study design. In
analogy with previously discussed arguments, much higher
associations between selenium intake and biomarkers of
selenium status were found in areas with high selenium
intake.31,39

One reason for calculating the relations between nutri-
tional status and food intake instead of nutrient intake is that
uncertainties regarding nutrient content of food are avoided.
In the common Swedish diet, fish accounts for the largest
part of dietary selenium (25%), followed by milk products
(20%), meat (21%), and eggs (16%).40 We found some
association of the intake of fish and milk products to
selenium status among women. In spite of the high selenium
content of fish, its contribution to the selenium used by the
body is unclear, because its bioavailability may be low. In a
study of middle-aged men a positive association was found
between fish intake and plasma selenium,41 but not with
individual plasma selenoproteins.42 Also, in the present
study the associations of fish intake to selenium status were,
if anything, closer for serum and urinary selenium than for
serum selenoprotein levels. On the other hand, eicosapen-
taenoic acid seemed to be more closely related to seleno-
protein P than serum selenium levels (Table 3), which is at
variance with previous findings.41,42In other studies, serum
selenium was instead found to be positively associated to
plasma n-6 fatty acids33,43and negatively to saturated fatty
acids but not to n-3 fatty acids of plasma phospholipids.43

Another study showed a positive relation between plasma
GSHPx activity and arachidonic acid,44 but our data did not
show a significant association on this point.

The close correlation found between the daily urinary
excretion of selenium and serum selenium levels suggests
that both variables are useful for estimating selenium status
in these 50- to 69-year-old subjects as also reported by
others.45 Because the selenium intake was in the lower
range in our study, the urinary selenium output probably
reflects body stores and blood levels more than recent
intake.45 A recent compilation showed a close relationship
between dietary and urinary selenium when data from
different populations were plotted,46 and high correlations
have been found, especially in subjects with high intake.39

Moreover, changes in urinary selenium are usually more
pronounced than those in plasma selenium after changes in
selenium intake47 because of rapid renal compensatory
mechanisms.48

The significant association of serum selenium to retinol
and a-tocopherol in serum has no obvious explanation.
Maybe subjects eating a surplus of retinol anda-tocopherol
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also consume selenium in the upper range, although retinol
levels are not usually influenced by retinol intake. Previ-
ously, a relation between serum selenium and retinol intake
was found.33 Maybe there is an interaction between sele-
nium anda-tocopherol, both participating in the antioxidant
defence and sparing the utilization of each other. Further
studies of possible biochemical mechanisms for this are
necessary. In general, the present study shows that different
biomarkers of selenium status are differently associated to
variables on dietary intake and nutritional status.

Acknowledgments

The study was planned by a working group at the Swedish
Medical Research Council, and we thank Prof. H. Daniels-
son for his support during the initiation of the study. Ms. E.
Callmer, Ms. I. Malmquist and Ms. I. Mattisson supervised
the contacts with the subjects and administered the dietary
assessment procedures. Ms. B. Ekstro¨m, Ms. B. Mårtens-
son, and Ms. B. Mattsson gave skilful assistance in the
analytical work. Dr. U. Stro¨mberg gave much valuable
statistical advice.

References
1 Fex, G., Pettersson, B., and Åkesson B. (1987). Low plasma

selenium as a risk factor for cancer death in middle-aged men.Nutr.
Cancer10, 221–229

2 Xia, Y., Hill, K.E., and Burk, R.F. (1989). Biochemical studies of a
selenium-deficient population in China: measurement of selenium,
glutathione peroxidase and other oxidant defense indices in blood.J.
Nutr. 119,1318–1326

3 Knekt, P., Aromaa, A., Maatela, J., Alfthan, G., Aaran, R.K.,
Hakama, M., Hakulinen, T., Peto, R., and Teppo, L. (1990). Serum
selenium and subsequent risk of cancer among Finnish men and
women.J. Natl. Cancer Inst.82, 864–868

4 Suadicani, P., Hein, H.O., and Gyntelberg, F. (1992). Serum sele-
nium concentration and risk of ischaemic heart disease in a prospec-
tive cohort study of 3000 males.Atherosclerosis96, 33–42

5 Comstock, G.W., Bush, T.L., and Helzlsouer, K. (1992). Serum
retinol, beta-carotene, vitamin E, and selenium as related to subse-
quent cancer of specific sites.Am. J. Epidemiol.135,115–121

6 Lockitch, G. (1989). Selenium: Clinical significance and analytical
concepts.Crit. Rev. Clin. Lab. Sci.27, 483–541

7 Avissar, N., Whitin, J.C., Allen, P.Z., Palmer, I.S., and Cohen, H.J.
(1989). Antihuman plasma glutathione peroxidase antibodies: Im-
munologic investigations to determine plasma glutathione peroxi-
dase protein and selenium content in plasma.Blood 73, 318–323

8 Åkesson, B., Bellew, T., and Burk, R.F. (1994). Purification of
selenoprotein P from human plasma.Biochim. Biophys. Acta1204,
243–249

9 Huang, W. and Åkesson, B. (1993). Radioimmunoassay of glutathi-
one peroxidase in human serum.Clin. Chim. Acta219,139–148

10 Persson-Moschos, M., Huang, W., Srikumar, T.S., Lindeberg, S.,
and Åkesson, B. (1995). Selenoprotein P in serum as a biochemical
marker of selenium status.Analyst120,833–836

11 Burk, R.F. and Hill, K.E. (1993). Regulation of selenoproteins.
Annu. Rev. Nutr.13, 65–81

12 Behne, D., Hilmert, H., Scheid, S., Gessner, H., and Elger, W.
(1988). Evidence for specific selenium target tissues and new
biologically important selenoproteins.Biochim. Biophys. Acta960,
12–21

13 Åkesson, B., Persson-Moschos, M., Huang, W., Marchaluk, E.,
Lindgärde, F., and Burk, R.F. (1994). Assessment of selenium status
in relation to the intake of different foods. InProceedings of the Fifth
International Symposium on the Uses of Selenium and Tellurium
(S.C. Carapella SC, J.E. Oldfield, and Y. Palmieri, eds.), p. 41–44,
Selenium-Tellurium Development Association, Grimbergen

14 Jacobsson, L., Lindga¨rde, F., and Manthorpe, R. (1989). The
commonest rheumatic complaints of over six weeks’ duration in a
twelve-month period in a defined Swedish population.Scand.
J. Rheum.18, 353–360

15 Jacobsson, L., Lindga¨rde, F., Manthorpe, R., and Ohlsson, K. (1992).
Effect of education, occupation and some lifestyle factors on
common rheumatic complaints in a Swedish group aged 50–70
years.Ann. Rheum. Dis.51, 835–843

16 Callmer, E., Riboli, E., Saracci, R., Åkesson, B., and Lindga¨rde, F.
(1993). Dietary assessment methods evaluated in the Malmo¨ Food
Study.J. Intern. Med.233,53–57

17 Livsmedelstabeller. (1986). National Food Administration, Uppsala
18 Borglund, M., Åkesson, A., and Åkesson, B. (1988). Distribution of

selenium and glutathione peroxidase in plasma compared in healthy
subjects and rheumatoid arthritis patients.Scand. J. Clin. Lab. Invest.
48, 27–32

19 Koh, T.S., and Benson, T.H. (1983). Critical re-appraisal of fluori-
metric method for determination of selenium in biological material.
J. Assoc. Off. Analyt. Chem.66, 918–926

20 Jacobsson, L., Lindga¨rde, F., Manthorpe, R., and Åkesson, B.
(1990). Correlation of fatty acid composition of adipose tissue lipids
and serum phosphatidylcholine and serum concentrations of micro-
nutrients with disease duration in rheumatoid arthritis.Ann. Rheum.
Dis. 49, 901–905

21 Stryker, W.S., Kaplan, L.A., Stein, E.A., Stampfer, M.J., Sober, A.,
and Willett, W.C. (1988). The relation of diet, cigarette smoking, and
alcohol consumption to plasma beta-carotene and alpha-tocopherol
levels.Am. J. Epidemiol.127,283–296

22 Gardner, M.J. and Altman, D.G. (1989). Statistics with confidence.
British Medical Journal, London

23 Björnstedt, M., Xue, J., Huang, W., Åkesson, B., and Holmgren, A.
(1994). The thioredoxin and glutaredoxin system are efficient
electron donors to human plasma glutathione peroxidase.J. Biol.
Chem.269,29382–29384

24 Burk, R.F., Hill, K.E., Awad, J.A., Morrow, J.D., Kato, T., Cockell,
K.A., and Lyons, P.R. (1995). Pathogenesis of diquat-induced liver
necrosis in selenium-deficient rats: Assessment of the roles of lipid
peroxidation and selenoprotein P.Hepatology21, 561–569

25 Åkesson, B. and Steen, B. (1987). Relation of plasma selenium and
glutathione peroxidase to cancer and cardiovascular disease among
68-year-old men.Compr. Gerontol. A1, 61–64

26 McMaster, D., Bell, N., Anderson, P., and Love, A.H.G. (1990).
Automated measurement of two indicators of human selenium status,
and applicability to population studies.Clin. Chem.36, 211–216

27 Rannem, T., Persson-Moschos, M., Huang, W., Staun, M., and
Åkesson, B. (1996). Selenoprotein P in patients on home parenteral
nutrition. JPEN20, 287–291

28 Xia, Y., Zhao, X., Zhu, L., and Whanger, P.D. (1992). Distribution
of selenium in erythrocytes, plasma, and urine of Chinese men of
different selenium status.J. Nutr. Biochem.3, 211–215

29 Verlinden, M., van Sprundel, M., Auwera, J.C.V., and Eylenbosch,
W.J. (1983). The selenium status of Belgian population groups.Biol.
Trace Elem. Res.5, 91–102

30 McAdam, P.A., Smith, D.K., Feldman, E.B., and Hames, C. (1984).
Effect of age, sex, and race on selenium status of healthy residents of
Augusta, Georgia.Biol. Trace Elem. Res.6, 3–9

31 Swanson, C.A., Longenecker, M.P., Veillon, C., Howe, S.M.,
Levander, O.A., Taylor, P.R., McAdam, P.A., Brown, C.C.,
Stampfer, M.J., and Willett, W.C. (1990). Selenium intake, age,
gender, and smoking in relation to indices of selenium status of
adults residing in a seleniferous area.Am. J. Clin. Nutr.52,858–862

32 Snook, J.T. (1991). Effect of ethanol use and other lifestyle variables
on measures of selenium status.Alcohol 8, 13–16

33 Olivieri, O., Stanzial, A.M., Girelli, D., Trevisan, M.T., Guarini, P.,
Terzj, M., Caffi, S., Fontana, F., Casaril, M., Ferrari, S., and
Corrocher, R. (1994). Selenium status, fatty acids, vitamins A and E,
and aging: The Nove Study.Am. J. Clin. Nutr.60, 510–517

34 Avissar, N., Ornt, D.B., Yagil, Y., Horowitz, S., Watkins, R.H., Kerl,
E.A., Takahashi, K., Palmer, I.S., and Cohen, H.J. (1994). Human
kidney proximal tubules are the main source of plasma glutathione
peroxidase.Am. J. Physiol.35, C367–C375

35 Huang, W., Koralewska-Maka´r, A., Bauer, B., and Åkesson, B.
(1997) Extracellular glutathione peroxidase and ascorbic acid in

Research Communications

516 J. Nutr. Biochem., 1997, vol. 8, September



aqueous humor and serum of patients operated on for cataract.Clin.
Chim. Acta261,117–130

36 Schiavon, R., Guidi, G.C., Biasioli, S., Fanti, E.D., and Targa, L.
(1994). Plasma glutathione peroxidase activity as an index of renal
function.Eur. J. Clin. Chem. Clin. Biochem.32, 759–765

37 Hill, K.E., Xia, Y., Åkesson, B., Boeglin, M.E., and Burk, R.F.
(1996). Selenoprotein P concentration in plasma as an index of
selenium status in selenium-deficient and selenium-supplemented
Chinese subjects.J. Nutr. 126,138–145

38 Marchaluk, E., Persson-Moschos, M., Thorling, E.B., and Åkesson,
B. (1995). Variation in selenoprotein P concentration in serum from
different European regions.Eur. J. Clin. Nutr.49, 42–48

39 Longenecker, M.P., Taylor, P.R., Levander, O.A., Howe, S.M.,
Veillon, C., McAdam, P.A., Patterson, K.Y., Holden, J.M.,
Stampfer, M.J., Morris, S.M., and Willet, W.C. (1991). Selenium in
diet, blood, and toenails in relation to human health in a seleniferous
area.Am. J. Clin. Nutr.53, 1288–1294

40 Becker, W. (1994). Befolkningens kostvanor och na¨ringsintag i
Sverige 1989. Statens Livsmedelsverk, Uppsala

41 Svensson, B.G., Schu¨tz, A., Nilsson, A., Åkesson, I., Åkesson, B.,
and Skerfving, S. (1992). Fish as a source of exposure to mercury
and selenium.Sci. Total Environ.126,61–74

42 Huang, W., Åkesson, B., Svensson, B.G., Schu¨tz, A., Burk, R.F., and
Skerfving, S. (1995). Selenoprotein P and glutathione peroxidase

(EC 1.11.1.9) in plasma as indices of selenium status in relation to
the intake of fish.Br. J. Nutr.73, 455–461

43 Cabre´, E., Periago, J.L., Mingorance, M.D., Ferna´ndez-Banares, F.,
Abad, A., Esteve, M., Gil, A., Lachica, M., Gonza´lez-Huix, F., and
Gassull, M.A. (1992) Factors related to the plasma fatty acid profile
in healthy subjects, with special reference to antioxidant micronu-
trient status: A multivariate analysis.Am. J. Clin. Nutr.55,831–837

44 Honkanen, V.E.A. (1991). The factors affecting plasma glutathione
peroxidase and selenium in rheumatoid arthritis: A multiple linear
regression analysis.Scand. J. Rheumatol.20, 385–391

45 Robberecht, H.J. and Deelstra, H.A. (1984). Selenium in human
urine: concentrations levels and medical implications.Clin. Chim.
Acta 136,107–120

46 Alaejos, M.S. and Romero, C.D. (1993). Urinary selenium concen-
trations.Clin. Chem.39, 2040–2052

47 Srikumar, T.S., Johansson, G.K., O¨ ckerman, P.A., Gustafsson, J.Å,
and Åkesson, B. (1992). Trace element status in healthy subjects
switching from a mixed to a lactovegetarian diet for 12 months.
Am. J. Clin. Nutr.55, 885–890

48 Robinson, J.R., Robinson, M.F., Levander, O.A., and Thomson,
C.D. (1985). Urinary excretion of selenium by New Zealand and
North American human subjects on different intakes.Am. J. Clin.
Nutr. 41, 1023–1031

Plasma selenoproteins as indices of selenium status: Åkesson et al.

J. Nutr. Biochem., 1997, vol. 8, September 517


