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Abstract

Objective: Se is an antioxidant micronutrient and has been studied for its potential
role in CVD prevention. The purpose of the present study was to conduct a
systematic review of the literature on the relationship between Se and hypertension.
Design: We conducted a systematic literature search in PubMed and OVID of studies
on Se levels and hypertension or blood pressure published in English up to June
2011. Articles meeting inclusion criteria were reviewed and the following informa-
tion was gathered from each publication: study setting, participant demographics,
exclusion criteria, intervention if applicable, medium of Se measure, mean level of
Se, outcome definition, relationship between Se and the outcome variable, sig-
nificance of this relationship, and covariates. In studies that also reported glutathione
peroxidase levels, we extracted results on the relationship between glutathione
peroxidase and hypertension.

Results: Twenty-five articles were included. Approximately half of the studies
reported no significant relationship between Se and hypertension. Of the remaining
studies, about half found that higher Se levels were associated with lower blood
pressure and the other half found the opposite relationship. The studies varied greatly
in terms of study population, study design and Se levels measured in participants.
Conclusions: Based on the present systematic review, there is no conclusive

evidence supporting an association between Se and hypertension. Randomized Keywords
controlled trials and prospective studies with sufficient sample size in populations Selenium
with different Se levels are needed to fully investigate the relationship between Se Hypertension

and hypertension. Blood pressure

(6]

Approximately one billion people worldwide are afflicted formation™”. There is a direct relationship between Se and

by hypertension, hence there is a great deal of interest in
the prevention and treatment of this chronic disorder.
Some studies have shown that individuals with hyper-
tension produce more reactive oxygen species and have
an impaired antioxidant defence system, both of which
increase oxidative stress and lead to an ongoing, vicious
cycle®. Antioxidants inhibit oxidation reactions, thereby
reducing the number of free radicals produced and the
amount of damage they can cause. Se, an essential trace
element with antioxidant properties, was hypothesized to
have a protective effect on hypertension® .

Se is a key component of glutathione peroxidase (GPx),
an enzyme that prevents the oxidation of lipids and athero-
sclerotic plaque formation”. GPx also indirectly prevents
the aggregation of platelets, thereby inhibiting blood clot

*Corresponding author: Email sgao@iupui.edu

https://doi.org/10.1017/51368980013000992 Published online by Cambridge University Press

GPx activity when Se concentrations are low, but GPx
activity plateaus off at high Se levels'®. A direct link
between Se and hypertension was provided by the role of
Se in Keshan disease, a disorder that occurred in regions of
China where Se was severely deficient in the soil and diet'”.
Symptoms of Keshan disease, including hypertension,
heart failure and pulmonary oedema, can be relieved by
administering Se supplements””. However, various studies
have shown that increasing Se levels above the recom-
mended daily intake is not beneficial and can actually cause
hypertension, diabetes and hyperlipidaemia®. Randomized
trials with Se as part of multivitamin supplementation in
Se-deplete areas were shown to reduce gastric cancer,
stroke and overall mortality, but did not reduce the risk for

hypertension, CVD or cataracts® .

© The Authors 2013
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Given the conflicting results regarding the relationship
between Se levels and hypertension, we undertook a
systematic evidence review that examines this relation-
ship in studies conducted in numerous countries with
various study designs.

Methods

A systematic literature search was conducted in PubMed
and OVID of all published articles as of 1 June 2011 that
examined the relationship between Se and hypertension
in man (Fig. 1. Search terms used were ‘selenium’ AND
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(‘hypertension’ OR ‘blood pressure’ OR ‘pulse pressure’). All
articles that reported on animal studies were excluded. The
initial search yielded 291 articles. After excluding articles that
were not written in English and those that were irrelevant
based on a review of article titles, 111 articles were chosen
for review of the abstracts. Review articles, case studies,
poster presentations, any remaining animal studies and
articles with no usable information were excluded. Of the
remaining sixty-one articles, those that measured a different
outcome variable other than hypertension or blood pres-
sure, used pregnant female subjects or lacked sufficient data
were further excluded. Three studies on paediatric popu-
lations were further excluded since blood pressure increases

AND (‘hypertension’ OR ‘blood
pressure’ OR ‘pulse pressure’)

PubMed and OVID search: ‘selenium’

291 articles
v

111 articles
\ 4

61 articles
\ 4

25 articles

Exclude animal studies

Exclude 149 based on title
Exclude 31 non-English

Exclude 23 reviews

Exclude 22 based on abstract
Exclude 3 animal studies
Exclude 1 case study

Exclude 1 poster presentation

Exclude 20 that measured different
outcomes

Exclude 8 pre-eclampsia articles
Exclude 3 paediatric populations
Exclude 5 that lacked data on Se

Fig. 1 Literature search on the relationship between selenium and hypertension in man
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continually until puberty™® and there is no standard defi-

nition of hypertension in children because their blood
pressure fluctuates so much'?. Twenty-five articles met
the criteria for full article review and data abstraction.

For each paper reviewed, information regarding the
study setting, participant demographic information,
exclusion criteria used for the study, interventional
dosage for intervention studies, outcome variable and
covariates were independently extracted by two reviewers
(D.K. and S.G). The level of Se measured in participants
and its relationship to the outcome variable were noted.
In addition, we also extracted the same information in
articles that measured GPx levels. From the final multi-
variate model given in each paper, effect size measures,
hazard ratios, parameter estimates and total or partial
correlation coefficients as well as P values were recorded.
The relationships were described as ‘protective’ if higher Se
levels were associated with a lower risk of hypertension,
‘none’ if there was no significant relationship between Se
and hypertension, or ‘harmful’ if higher Se levels were
associated with a higher risk of hypertension. Statistical
significance was defined as P<<0-05.

For ease of comparison across study populations, mean
serum Se levels were converted to pg/l, if the original levels
reported were not in those units. In three studies, the origi-
nal units for the mean level of Se appeared to be incorrect as
they greatly exceeded the maximum values reported in
man. These were assumed to be erroneous in units and are
denoted in the tables with **. For papers that expressed their
mean Se level as a range or provided multiple numbers
for different populations (for example, hypertensive and
normotensive groups), the average of these values was used
when converting the units of mean level of Se to ng/l. In
those studies that measured Se levels in different media in
the same group of people, we chose to include plasma
measures of Se in the tables, as blood samples were the
most commonly used measures in these studies.

Since the number of studies reporting randomized trials
and prospective analyses was small and some of these
studies lacked information necessary for meta-analysis,
we conducted meta-analyses on cross-sectional studies
and case—control studies where the extracted information
permitted such analyses. For cross-sectional studies, out-
come measures were converted to correlation coefficients
if the original articles reported regression coefficients
or other information using the method proposed by
Thompson et al"®. Difference in mean Se levels between
cases and controls was used as the outcome measure for
case—control studies. Random-effect models in the soft-
ware Comprehensive Meta Analysis version 2 were used
for combining study results.

Results

A total of twenty-five articles reported results on the
relationship between Se and hypertension in adult
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populations. Outcome measures used in these studies
included a binary definition of hypertension with the
cut-off being 140/90 mmHg, continuous systolic blood
pressure (SBP), diastolic blood pressure (DBP), pulse
pressure, or a combination of these variables. Table 1
provides summary information of the twenty-five studies
grouped by study design. Studies reporting both long-
itudinal and baseline results were included in the long-
itudinal section only.

There were no published randomized controlled trials
(RCT) with Se as the only intervention agent. There were
three RCT that included Se as part of the intervention in
dietary supplementation. One study co-administered Se
with vitamin C, vitamin E and coenzyme Q. Another
administered Se in the form of fruits and vegetables so
participants also received vitamins A, C and E, carotene,
Cu, Mg and dietary fibre. In both cases, SBP and DBP
were lowered significantly in the intervention groups.
In addition, both of these studies enrolled only subjects
carrying cardiovascular risk factors. A third and much
larger RCT that administered Se with B-carotene and
a-tocopherol, however, found no difference in blood
pressure between intervention and control groups.

Four studies utilized the prospective study design
where the development of hypertension was the out-
come. One study found a significant protective effect of
Se on incident hypertension in young adult males, but no
significant relationship in females. The remaining three
studies reported a non-significant association between Se
and hypertension. In addition, one of the three studies
reported a significant interaction between 7-3 fatty acids
and Se on hypertension risk.

Five studies used the case—control study design and
compared Se levels between hypertensive subjects and
normal controls. Two studies reported significantly lower
Se levels in hypertensive subjects for both males and
females, one study found significantly higher Se levels in
hypertensive subjects but in males only, and the other
two studies found no relationship. Figure 2 presents the
meta-analysis of these five studies using random-effect
models. There is no overall difference in Se levels
between hypertensive and normotensive subjects, as the
pooled mean difference was estimated to be —0-228
(95% CI —0-517, 0-060) pg/l.

Cross-sectional analysis was used in twelve studies. Of
these, nine studies found no significant association of Se
with either SBP or DBP. Two studies found higher Se levels
associated with higher blood pressure, while one study
found the opposite relationship. We present a meta-analysis
based on these cross-sectional studies in Fig. 3. The pooled
correlation coefficient between Se and SBP was not
statistically significant (= 0-01, 95% CI —0-02, 0-04).

Seven of the twenty-five studies measured GPx levels
as well as Se in their study population (Table 2). These
studies looked at the relationship between GPx and
SBP, DBP, hypertension, or a combination of the three.
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Table 1 Summary of studies on the relationship between selenium levels, hypertension and blood pressure

Mean level of Se

Study Study setting Participants Exclusion criteria Intervention Se measured in Units reported ng/l Outcome variable Relationship P Covariates
Randomized controlled trials including an Se component
Mark et al. China 3698 people in treatment None Monthly dose of 15mg Diet N/A - SBP None: NS Age, baseline SBP,
(1998)‘26) and 3698 people in B-carotene, 50mg d=0-00 (95% ClI baseline DBP, smoking,
placebo (age 40-60 Se yeast, 60mg —0-59, 0-60) drinking, BMI
years) a-tocopherol from None:
March 1986 to April DBP d=0-26 (95% Cl NS
1991 —0-09, 0-62)
Shargorodsky et Israel 70 people (36 treated History of CVD, major Vitamin C (500 mg), Diet N/A — SBP Protective: P<0-001 Age, sex, BMI, presence of
al. (2010)@" with antioxidants, 34 surgery within vitamin E (2001U), d=—61 CV risk factors, baseline
without antioxidants) 6 months preceding  coenzyme Qi DBP Protective: P=0-034 BP level, arterial
aged 55-68 years; all study, unbalanced (60mg), Se (100 .g) d=-25 elasticity parameters
had to have CV risk endocrine disease, for 6 months
factors liver or kidney
abnormalities
Singh et al. UK 463 people (231 in Diarrhoea, dysentery, Control group: AHA Diet N/A - SBP, % change Protective: P<0-001 Sex, serum cholesterol, BMI
(1992)@® intervention group, cancer, blood urea  Step | diet from baseline d=—-6-1(95% ClI
232 in control group), >40mg/dl (Se: 83-3 pg/d); 1-8—11-1)
mean age 46-0 and intervention group: DBP, % change Protective: P<0-001
47-8 years, F&V 400g/d in from baseline ~ d= -89 (95% Cl
respectively; all had to addition to control 2:0-12:0)
have risk factors of CHD diet (Se: 112-6 pg/d)
Prospective studies
Arnaud et al. France 751 people aged 59-71 None None Blood 1-10 wmol/l 86-9 Se decrease from None: NS None
(2007)(29) years, 9-year follow-up baseline B =—-0-005 (sE 0-022) (P=0-81)
for development
of HT
Nawrot et al. Belgium 346 males aged Urinary volume or None Blood 117-0pg/l 117-0  HT (BP =130/ Protective: P=0-0013 Age, BMI, smoking, 24 h
(2007)©0 =20 years, 5-2-year creatinine excretion 85mmHg oron R = 063 with each urinary excretion of
follow-up outside published medication) unit increase in Se Na and K, menopausal
limits of 20 pg/l status, baseline SBP,
373 females aged =20 None: NS DBP
years, 5-2-year follow-up HR =1-08 with each  (P=0-41)
unit increase in Se
of 20 g/l
AStranges etal. Southern ltaly 281 normotensive males None None Serum 77-5pg/l 775 Development None (results not NS Age, BMI, cigarette
(2011)@" aged 44-57 years, of HT shown) smoking, physical
8-year follow-up activity, use of lipid-
lowering medication;
baseline value of total
cholesterol
CXun et al. USA 3883 people aged 1 Implausible total None Toenail 0-86 n.g/g - HT (BP =140/ Significant interaction Age, gender, ethnicity, study
(2011)(19 8-30 years energy intake, 90 mmHg or use with n-3 fatty acids. centre, BMI, education,

pregnant women,
HT at baseline

of antihypertensive
medications)

Independent Se
effect not reported

smoking, alcohol,
physical activity, family
history of HT, total
energy, Na, a-linolenic
acid, linoleic acid
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Table 1 Continued

Mean level of Se

Study Study setting Participants Exclusion criteria Intervention Se measured in Units reported g/l Outcome variable Relationship P Covariates
Case—control studies
Coudray et al. Nantes, France 398 males (169 with HT, None None Plasma 1-12 pmol/l in 857 Se Harmful (higher P<0-01 None
(1997)@ 229 with no major chronic hypertensives, Se in hypertensives
diseases or risk factors) 1-05 umol/l in controls than controls)
aged 59-71 years
553 females (248 with HT, 1-08 pmol/l in 86-1 Se None NS
305 with no major hypertensives,
chronic diseases or risk 1-10 wmol/l in controls
factors) aged 59-71
years
Li et al. China 401 people (108 with Pregnant women, None Serum 70-02 ng/l in 75-01 Se Protective (lower Se  P=0-022 None
(2007)@" (Zhoukoudian  HT, 293 controls) serious disease hypertensives, in hypertensives
area, Beijing)  aged 15-84 years 76-85 g/l in controls than controls)
PMihailovic etal.  Yugoslavia 37 people (20 with arterial None None Whole blood, 0-780uM/l in 72:6 Se and GPx Protective (lower Se  P<0-005 None
(1998)©? HT, 17 controls) aged plasma hypertensives, in hypertensives
41-66 years 1-059 uM/I in controls than controls)
in plasma (assumed
pmol/l)**
CPavao et al. Portugal 57 males (7 hypertensive, None None Serum 91 pg/l in normotensive, 88-5 Se and GPx None NS None
(2006)©> 50 normotensive) aged 87 ug/l in hypertensive
20-60 years
ERusso et al. Italy 205 people (105 Chronic disease, None Serum 1-13mmol/l in 90-4 Se and erythrocyte None NS Age, sex
(1998)@ hypertensive, 100 acute intercurrent hypertensive, GPx
normotensive) aged illness, pregnant 1-16 mmol/l in
29-61 years women, taking any normotensive (assumed
drug including wmol/l)**
contraceptive pills,
secondary HT
Cross-sectional studies
Bergmann et al. East Germany 299 females, mean Se intake via vitamins None Blood 0-98 umol/l 77-4 Blood pressure  None (results not NS None
(1998)©@9* age 50-59 years given)
361 females, mean age 119 pmol/I 94-0 Blood pressure  None (results NS
50-59 years not given)
Bukkens et al. Netherlands 82 people aged History of CV event None Plasma, 106-4 pg/l in plasma; 106-4 SBP None: NS Age, gender
(1990)©® 40-75 years and/or heart erythrocyte, 0-59 pg/g Hb in B=0-0719
surgery, treatment toenail erythrocytes; 0-78 ppm (st 0-1286)
in thg last 5 years in toenail DBP None: NS
for kidney or lung
disease, alcohol or B=0-0787 (se 0-195)
drug abuse, age
>75 years,
abnormal diet, not
Dutch nationality
Deguchi Japan 274 males aged None None Blood 132ng/ml 132:0 DBP None NS Age
(1985)®) 20-83 years SBP None NS
419 females aged Pregnant females 122 ng/ml 1220 DBP None NS
20-82 years SBP None NS
Jossa et al. Southern Italy 364 males aged None None Blood 28-187 ug/l 86-1 SBP None: NS Age, BMI
(1991)@7 21-59 years r=0-034
DBP None: NS
r=0-046
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Table 1 Continued

Mean level of Se

Study Study setting Participants Exclusion criteria Intervention Se measured in Units reported g/l Outcome variable Relationship P Covariates
Laclaustra et al. USA 2638 people aged Pregnant women None Serum 137-1 pg/l 1371 SBP Harmful: P<0-001 Sex, age, race/ethnicity,
(2009)19 40 years and older Q5 to Q1 adjusted education, BMI,
A=6-3(95% Cl education, smoking,
3-4,9.2) cotinine concentration,
DBP Harmful: P=0-004  Menopausal status,
Q5 to Q1 adjusted vnan';ln/mlnteral
A=28(95% Cl supplemens,
antihypertensive
11,46) medication
Pulse pressure  Harmful: P<0-001
Q5 to Q1 adjusted
A=4-6 (95% CI
1-8, 7-4)
Parizadeh et al. Iran 283 people (152 with None None Serum 111-8 pumol/l 111-8 SBP None NS None
(2009)©® angiographically defined (assumed pg/l)** DBP None NS
CAD) aged 41-64 years
283 people (61 with normal 112-3 pmol/l 1123 SBP None NS
angiogram) aged 41-64 (assumed pg/l)** DBP None NS
years
283 people (70 controls) 104-2 pmol/l 104-2 SBP None NS
aged 41-64 years (assumed pg/l)** DBP None NS
Pemberton et al. UK 94 females (46 with None None N/A 84-55 g/l 84-6 SBP None: NS None
(2009)©® rheumatoid arthritis) r=0-191
aged 50-59 years
94 females (48 controls) 91-14 g/l 911 SBP None: NS
aged 50-59 years r=-0-24
Robinson et al.  New Zealand 230 people aged None None Whole blood, 61 ng/ml in whole blood; 49-0 SBP None NS None
(1983)140 24-58 years erythrocyte, 73ng/ml in erythrocytes; DBP None NS
plasma 49 ng/ml in plasma
Salonen et al.  Eastern Finland 722 males, mean HT, cerebrovascular None Serum 85-7 pg/l 857 SBP Protective: P=0-0024 BMI, urinary excretion of
(1988)“" age 54 years diasease, B=-0-109 nicotine metabolites, HT
antihypertensive . in siblings, serum Zn,
medication bep go:ni.ooso (Pf'g‘%s%) Mg, Cu, plasma ionized
- Ca, liver disease,
plasma renin activity,
MMPI rejection scale,
work pressures,
smoking
BSuadicani et al. Denmark 3041 males aged Non-fatal AMI, angina None Serum 1-17 wmol/l in IHD patients, 93-2 HT (BP > 150/ Harmful: P=0-003 Age
(1992)@ 53-74 years pectoris, previous 1-19 umol/l in controls 100mmHg or on  partial r=0-054
stroke, intermittent medication)
claudication
Telisman et al. Croatia 154 males aged Occupational exposure None Serum 73-6 pg/l 736 SBP None NS None
(2001)42 19-53 years to metals, use of DBP None NS

antihypertensive
medications or those
containing Se,
diabetes, CVD, renal
disease,
hyperthyroidism,
adrenogenital
syndrome, primary
aldosteronism, and
other diseases that
could influence BP
or metal metabolism
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Of these, only one study showed a protective relationship
between Se and hypertension while all others showed no
relationship. When examining the relationship between
GPx and hypertension in these same studies, three of the
four case—control studies showed lower GPx levels in
hypertensive subjects than controls and one study that
measured GPx in erythrocytes found higher GPx levels in
hypertensive subjects than controls.

Discussion

The present systematic literature review on Se and hyper-
tension offered no conclusive evidence on a relationship
between Se and hypertension. The review also highlighted
the limited number of large RCT or prospective studies on
Se and hypertension. No RCT with Se as the only inter-
vention agent was published and the three RCT included in
the review used different dietary components in addition
to Se, making comparisons between studies difficult. Only
one out of the four prospective studies reported a significant
protective effect of Se on the development of hypertension
while the remaining studies found no association between
Se and hypertension.

It is likely that the heterogeneity in study design,
sample size and demographic characteristics of study
participants contributed to the divergence in findings. The
present review also underscores the complex relationship
between Se and blood pressure. It is possible that the
relationship between Se and hypertension is non-linear
so that in populations with low Se intake, higher Se may
be protective against hypertension; while in those with
high Se intake, higher Se may be associated with hyper-
tension risk™?.

Since the effect of Se on human health is channelled
through GPx activities, it is highly likely that other agents
with similar antioxidant properties may interact with Se
on the control of blood pressure as reported in one pro-
spective study™. In addition, it has been shown that in
subjects with low Se intake, vitamin E can protect against
hypertension'®. Therefore, it is important that studies
examining the relationship between Se and hypertension
also measure other important antioxidant levels and explore
potential interactive relationships with Se.

In the several studies measuring GPx activities as well
as Se, a trend for a positive correlation between Se levels
and GPx activity was seen. This was anticipated because
Se is a component of GPx"” . Increased GPx activity was
found to reduce lipid peroxidation, atherosclerotic plaque
formation and platelet aggregation'*”. Therefore, higher
GPx activity is thought to be protective against hyperten-
sion, a view supported by animal studies. When comparing
rats that received a high-Se diet with those that did not,
higher Se intake increased GPx activity and reduced the size
of myocardial infarct™®. However, GPx activity plateaus at
high Se levels despite a direct relationship between Se and
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Statistics for each study

Std diff Lower Upper
Study name in means limit limit
Coudray (1997) 0-088  -0-040 0-216
Li (2007) -0-236 0457 -0-014
Mihailovic (1998) -1-228 -1-932  -0-523 —
Pavao (2006) -0-270  -1-063 0-522 I
Russo (1998) -0-137 -0-411 0-137
-0-228 -0-517 0-060 . . . .
-1.00 -0.50 0.00 0.50 1.00
Protective Harmful

Std diff in means and 95 % CI

Fig. 2 The association of selenium with hypertension from case—control studies. Random-effects meta-analysis showing the
standard difference (std diff; and 95 % confidence interval) in mean plasma selenium level (.g/l) between hypertensive subjects
and normal controls; the size of the square indicates the weight of each study in the analysis, the horizontal lines represent the
95 % Cl and the diamond represents the pooled mean difference (its width represents the 95 % CI of the pooled mean difference)

Statistics for each study

Subgroup Lower  Upper
Study name within study Outcome Correlation limit limit
Bergmann (1998) Combined SBP 0-000 —0-076 0-076 —_—
Bukkens (1990) Both SBP 0-063 —0-156 0-276
Deguchi (1985) Combined SBP 0013 —0-061 0-088 s
Jossa (1991) Male SBP 0-034 —0-069 0-136 e —
Laclaustra (2009)  Both SBP 0041 0003 0.079 ——
Parizadeh (2009) Both SBP 0-000 —0-235 0-235
Pemberton (2009) Female SBP —0-024 —0-306 0-262
Robinson (1983) Both SBP 0-000 —0:129 0129
Salonen (1988) Male SBP —0-109 —0-181 —0.036 —_—
Suadicani (1992) Male SBP 0054 0018 0.089 -
Telisman (2001) Male SBP —0-058 —0:214 0101 _—
Virtamo (1985)_1 Male SBP —0-030 —0-111  0-051 —_—
Virtamo (1985)_2 Male SBP 0-050 —0-035 0135 e —

0-023  0-003 0-042 | | L 2 | |

—0.25 —0.13 0.00 0.13 0.25

Protective Harmful

Correlation and 95 % ClI

Fig. 3 The association between selenium and systolic blood pressure from cross-sectional studies. Random-effects meta-analysis
showing the correlation coefficient (and 95 % confidence interval) between mean plasma selenium level and systolic blood
pressure; the size of the square indicates the weight of each study in the analysis, the horizontal lines represent the 95 % CI and
the diamond represents the pooled correlation coefficient (its width represents the 95 % CI of the pooled correlation coefficient)

©)

GPx activity when Se concentrations are low ”, making be a different role for Se in hypertension prevention

the effect of high Se level beyond that required for optimal
GPx activity uncertain. In a study conducted in a US
population with high mean serum Se concentration
(137 pg/D, higher Se was found to be associated with higher
blood pressure'”. A possible explanation for the harmful
effect of higher Se may be that excess Se overwhelms the
liver and kidneys, both of which play an important role in
the metabolism and excretion of Se®”. Over time, the heart
may have to work harder to pump more blood to these
organs, leading to hypertension.

Hypertension is suspected to impair the antioxidant
defence system'®. Hence, a further complication leading
to the diverse study findings on Se and hypertension may
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compared with hypertension treatment. It is possible that
the amount of Se for maintaining normal blood pressure
may be different from the amount required in hyperten-
sive subjects who may already have a damaged anti-
oxidant defence system affecting the way Se and other
antioxidants are metabolized and stored. In the present
review, apart from the two prospective studies>*"
where incident hypertension was the outcome, no other
studies examined the relationship between Se and blood
pressure in normotensive subjects and hypertensive
subjects separately. Given the large percentage of
hypertensive subjects in the reviewed studies, the possi-
bility of a reverse causation could be another source
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Table 2 Comparison of selenium and glutathione peroxidase levels in man in relation to hypertension and/or blood pressure

Mean level of Se Mean level of Se GPx Mean level of GPx activity Mean level of GPx Outcome Se-HT
Study (units given in paper) (rg/l) measured in (units given in paper) activity (U/g Hb) variable relationship P GPx-HT relationship P
Case—control studies
Djordjevic et al. N/A - Plasma 19-60 uM-min-mg Hb/ 2412 Se-dependent N/A N/A Protective (lower GPx in P<0-001
(1998)“4) NADPH in GPx hypertensive subjects
hypertensives, than controls)
28-64 uM-min-mg Hb/
NADPH in controls
PMihailovic et al. 0-780 wM/I in hypertensives, 726 Plasma 2-116 ukat/l in - Se and GPx Protective (—26-3 % P<0-005 Protective (lower GPx in P<0-001
(1998)©2) 1-059 pM/I in controls hypertensives, change from control) hypertensive subjects
(assumed pmol/l)** 2-886 ukat/l in controls than controls)
CPavao et al. 87 pg/l in hypertensives, 90 pg/l 88-5 Serum 35U/g Hb in hypertensives, 41-5 Se and GPx None NS Protective (lower GPx in P<0-05
(2006)? in controls 48 U/g Hb in controls hypertensive subjects
than controls)
ERusso et al. (1988)® 1-13mmol/l in hypertensives, 90-4 Erythrocytes  7-451U/g Hb in 7-015 Se and GPx None NS Harmful (higher GPx in P<0-005
1-16 mmol/l in controls** hypertensives, 6-58 1U/g hypertensive subjects
Hb in controls than controls)
Cross-sectional studies
Bukkens et al. 106-4 g/l 106-4 Erythrocytes 28U/g Hb 28 SBP None NS None NS
(1990)©9) 106-4 pg/l 106-4 Erythrocytes 28U/g Hb 28 DBP None NS None NS
Parizadeh et al. 111-8 pmol/l (assumed pg/l)** 111-8 Serum 0-26 U/ml — SBP None NS None NS
(2009)©®) 112:3 pmol/l (assumed ng/l)** 112:3 Serum 0-26 U/ml - SBP None NS None NS
104-2 pmol/l (assumed pg/l)** 104-2 Serum 0-36 U/ml - SBP None NS None NS
111-8 pmol/l (assumed wg/l)** 111-8 Serum 0-26 U/ml - DBP None NS None NS
112-3 pmol/l (assumed pg/l)** 1123 Serum 0-26 U/ml - DBP None NS None NS
104-2 pmol/l (assumed pg/l)** 104-2 Serum 0-36 U/ml - DBP None NS None NS
Robinson et al. 61ng/ml whole blood, 73 ng/ml 49 Serum 12:3U/g Hb 123 SBP None NS None NS
(1983)0 erythrocytes, 49 ng/ml
plasma
61ng/ml whole blood, 73 ng/ml 49 Serum 12:3U/g Hb 123 DBP None NS None NS

erythrocytes, 49 ng/ml
plasma

GPx, glutathione peroxidase; HT, hypertension; SBP, systolic blood pressure; DBP, diastolic blood pressure; N/A, not applicable; NS, P= 0-05.
Definition of hypertension was not given unless otherwise noted: CSBP = 140 mmHg and DBP =90 mmHg or current use of antihypertensive medications; Psecond- or third-degree HT using the classification of the World Association of Cardiologists;

E>135/85 mmHg.

**Units were assumed to be something other than what was given in the paper.
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contributing to the heterogeneity in results. We also note
that a harmful relationship between Se and hypertension
was observed from case—control®® and cross-sectional
studies >,

Many studies included in our review were conducted in
small sample sizes, thus suffering from insufficient power
to detect a significant relationship between Se and blood
pressure or hypertension. We decided to include all stu-
dies regardless of sample size in our review to provide the
full range of studies conducted on this subject. However,
if we were to restrict the review to the nine largest studies
with a minimum sample size of 700, we would still have
five studies finding no association, two finding higher Se
to be protective and another two studies finding higher Se
to be harmful for hypertension. It seems that the diver-
gence in results remains even if we only consider studies
with large sample sizes.

Our review points to a potential gender difference in
the relationship between Se and hypertension. In eight
studies that separately reported results for males and
females, two showed a significant protective effect, two
showed a harmful effect and the rest showed no asso-
ciation between Se and hypertension. In females, how-
ever, all of the studies found no relationship. This gender
difference could be due to the antioxidant properties of
oestrogen, which reduces the number of superoxide
anions and results in less endothelial dysfunction in
females®**>. Future studies will need to carefully
examine a potential gender difference and plausible
mechanisms for such difference.

Our review suggests that future studies investigating
the relationship between Se and hypertension need to
measure multiple antioxidants as well as Se in prospective
designs and that the association between Se and blood
pressure needs to be examined separately in hypertensive
and normotensive subjects. It is also necessary to conduct
more research including laboratory studies of animals
focusing on the relationship between the antioxidant
system and the blood pressure-regulating mechanism to
provide better targets for epidemiological studies and
randomized trials.

The current review has a number of strengths over
previous literature reviews. Our review offered a com-
prehensive summary of up-to-date results on Se, hyper-
tension and blood pressure. We also attempted to extract
information on cohort characteristics, study design and
other potentially relevant information from each study so
that potential factors accounting for the diverse findings
may be compared. There are also limitations to the
review. The first is that our search terms were limited to
‘hypertension’ and ‘blood pressure’, thus studies that
reported on other CVD without using blood pressure or
hypertension as an outcome were not included. Second,
our review excluded non-English articles and may bias
the review results towards research publications in Eng-
lish. Since thirty-one non-English articles were identified
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after the initial search results out of 291 articles, assuming
the same rate of usable information contained in the non-
English articles as in the English articles, we anticipate
missing approximately 10% of articles (approx. three
articles) with usable results on Se and hypertension.

Conclusion

The present systematic literature review does not offer
conclusive evidence supporting an association between
Se levels and blood pressure or hypertension. Future
research focusing on the mechanism between the anti-
oxidant system and blood pressure regulation would
provide valuable input and better targets for RCT and
prospective studies. These future studies should also be
designed to address the role of Se in hypertension pre-
vention separately from its role in hypertension treatment.
In addition to measuring Se levels, future studies should also
measure other antioxidants and GPx levels, if possible, to
explore potential interactions with Se and to determine the
mechanism underlying a potential relationship between Se
and blood pressure.
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