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Abstract. Selenium deficient areas have been associated with a higher prevalence 
of cardiovascular disease in some countries. In this study, we investigated the cor-
relation between cardiovascular disease prevalence and selenium concentration in 
paddy soil and rice grains, the main staple food in Lampung, Indonesia. Paddy soil 
and rice samples (ns = 35) from eight regencies (nd = 8) in Lampung were analyzed 
for selenium content. The prevalences of heart disease, stroke, and hypertension 
in those regencies were obtained from the Ministry of Health of Indonesia. The 
Shapiro-Wilk’s test was used to examine the data distribution. The Pearson’s 
correlation was used to examine the correlation between cardiovascular disease 
prevalence and selenium concentration in the paddy soil and rice grains. Heart 
disease prevalence was negatively correlated with the selenium concentration in 
the paddy soil (r = -0.77, p = 0.02) and rice grain (r = -0.71, p = 0.05). A negative 
correlation was seen for stroke prevalence and selenium concentration in paddy 
soil (r = -0.76, p = 0.02). Hypertension prevalence was negatively correlated with 
the selenium concentration in the rice grains (r = -0.83, p = 0.01). These findings 
suggest that the selenium concentration in paddy soil and rice grains in the 
Lampung area may play a role in the fact the area has the lowest cardiovascular 
disease prevalence in Indonesia.
Keywords: selenium, cardiovascular diseases, paddy soil, rice grain, Indonesia 

cause of death among humans. NCDs 
have been prioritized as an urgent public 
health problem by the United Nations 
(UN) (WHO, 2015). CVD is comprised of 
diseases of the circulatory system (WHO, 
1990). The major risk factors for cardio-
vascular disease are tobacco use, physical 
inactivity, and an unhealthy diet (WHO, 
2015). By 2030, CVD is projected to be the 
number one cause of death in Indonesia, 
with a projected 23.6 million deaths by 
that year, primarily due to heart disease 

INTRODUCTION

Cardiovascular disease (CVD), a non-
communicable disease (NCD) is a leading 
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and stroke. The largest increase in cardio-
vascular deaths world-wide is projected 
to occur in Southeast Asia. CVD is the 
leading cause of mortality, in Indonesia, 
comprising 31% of deaths (Indonesian 
Ministry of Health, 2008). 

The Indonesian Ministry of Health 
(2008) in a study conducted in 33 prov-
inces and 440 regencies estimated 7% 
of the Indonesian population has CVD, 
0.9% was diagnosed by medical practi-
tioners and the rest were diagnosed by 
symptoms. The same study found no re-
lationship between either social economic 
status or education and the prevalence of 
CVD. That study also reported the highest 
prevalence of CVD to be in Aceh Province 
and the lowest prevalence to be in Lam-
pung Province (Fig 1). The same study 
found the prevalence of CVD to be more 
common among women than men and 
more common in rural than urban areas. 
The study found the factors associated 
with those aged ≥15 years, were diabetes 
mellitus (39%), hypertension (13.1%), obe-
sity (11.4%) and smoking (9.7%). Lifestyle 
factors associated with CVD in that study 

were low physical activity, smoking, a 
high fat diet and alcohol consumption. 

Two previous ecological studies 
reported finding a negative association 
between selenium (Se) in the environ-
ment and CVD mortality (Shamberger  
et al, 1979; Sun et al, 1985). Shamberger  
et al (1979) found age-specific death rates 
for a number of heart diseases were sig-
nificantly lower in the US regions with 
higher Se levels. Sun et al (1985) reported 
the average Se soil content of 6 areas in 
China with a high prevalence of Keshan 
disease was significantly lower than the 
Se content of 5 areas in China with a low 
prevalence of Keshan disease. Table 1 
shows the Se concentration in the soil and 
the corresponding prevalence of heart 
disease in several countries. In countries 
where the Se concentration was low, such 
as in Turkey, a higher prevalence of heart 
disease was observed. The aim of the 
current study was to evaluate the concen-
tration of Se in the soil and in rice grains 
and its correlation with cardiovascular 
disease prevalence in Lampung Province, 
Indonesia.

Fig 1–Map of Indonesia with prevalences of cardiovascular disease (Indonesian Ministry of Health, 
2008).
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MATERIALS AND METHODS

This study was conducted in Lam-
pung Province, Indonesia, in 2010. The 
province covers an area of 35,288.35 km², 
is located between 6°45’S 103°40’E and 
3°45’S 105°50’E, and has a tropical climate. 
The area is 21.24% urban and 78.76% rural 
(Indonesian Central Bureau of Statistic, 
2007). District levels were used for unit 
analysis. Using a power estimation of 
80%, eight blocks were identified in this 
area based on geographical information. 
The total rice paddy area in this region is 
approximately 2,233 km2 (Barus and An-
darias, 2007). The people consume locally 
grown rice as their staple food.
Se concentrations in the soil and rice 

Fig 1 shows a map of Indonesia with 
the sampling sites and the distribution 
of heart disease. Samples from 6 other 
islands in Indonesia were also collected: 
Papua (Jayapura), Sulawesi (Kendari), 
Kalimantan (Pontianak and Samarinda), 

Java (Subang), and Bali (Tabanan). The 
Se concentration was measured in the 
rice paddy soil and rice samples using 
the fluorescence method (Abdulah et al, 
2005). Briefly, after acid digestion, the 
amount of Se (IV) was adjusted to a pH of 
2, reacted with 1, 2-diaminonaphthalene 
(DAN), extracted with cyclohexane, and 
measured by fluorometry at 360 and 520 
nm (excitation and emission wavelengths, 
respectively).  

For this study, each soil sample was 
obtained from a depth of 20 cm. The 
paddy soil (n=34) and rice samples (n=34) 
were collected from: West Lampung 
(4°55‘25.98“S, 103°57’37.25“E), South 
Lampung (5°44‘29.06”S, 105°40’30.00”E 
and 5°47‘27.09“S, 105°42’56.72”E), East 
Lampung (5°17‘47.65“S, 105°49’22.31”E; 
5°08‘52.23“S, 105°40’53.60”E; 5°09‘25.82“S, 
105°42’57.01”E,  and 5°09‘52.01“S, 
105°40’12.07”E), Central Lampung (4°54‘ 
13.62“S, 105°20’37.45”E), North Lampung 
(4°46‘24.72“S, 104°55’40.90”E), Way Kanan 

Table 1
Selenium concentration in the soil and prevalence of heart disease by country.

Country Selenium concentration  Reference Heart disease Reference
 (mg/kg)   prevalence (%)

 Min Max   

Bangladesh 0.57 1.37 (Ahsan et al, 2009) 1.85 (Sayeed et al, 2010 )
Brazil 1.0 9.4 (Pacheco and Scussel, 2007) 3.61 (Neto and da Silva, 2008)
Chile 0.1 0.49 (Pinochet et al, 1999) 1.85 (Icaza et al, 2009)
China 0.022 3.806 (Tan et al, 2002) 0.46 (Zhang et al, 2008)
Greece 0.7 0.7 (Chrysikou et al, 2008) 3.90 (Panagiotakos et al, 2009)
India 0.207 0.552 (Yadav et al, 2005) 3.00 (Ahmad and Bhopal, 2005)
Italy 0.02 1.4 (Spadoni et al, 2007) 9.90 (DAI Study Group, 2004)
Libya 0.09 0.62 (El-Ghawi et al, 2007 ) 1.50 (Hassadi et al, 1989)
Saudi Arabia 0.024 0.176 (Al-Saleh et al, 1999) 6.30 (Hakim et al, 2003)
Turkey 0.01 0.08 (Beytut and Karatas, 2002) 5.40 (Aygul et al, 2009)
Cameroon 0.1 3.0 (Njofang et al, 2009) 1.53 (Kengne et al, 2005)
Indonesia 0.24 1.31 Current study 7.20 (Indonesian Ministry of 
      Health, 2008)
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(4°48‘26.27“S, 104°26’16.28“E), Tulang 
Bawang (4°32‘19.99”S, 105°15’20.01”E), 
and Metro (5°08‘13.35“S, 105°18’34.14”E 
and 5°08’59.21“S, 105°18’18.14”E). 
Database collection of outcomes

The prevalence of CVD (ICD/10 code 
I0-I99) was obtained from the database 
of the National Basic Health Survey 
conducted by the Ministry of Health 
of Indonesia, including coronary heart 
disease (ICD/10 codes I20-I25), stroke 
(ICD/10 codes I60-I69), and hypertensive 
disease (ICD/10 codes I10-I15). In Lam-
pung Province, this survey covered 10 
districts: West Lampung, Tanggamus, 
South Lampung, East Lampung, Central 
Lampung, North Lampung, Way Kanan, 
Tulang Bawang, Bandar Lampung, and 
Metro. A total of 424 census blocks, 6,490 
households, and 23,833 household mem-
bers were covered by 36 teams (144 field 
officers). Information abtained included: 
nutrition, maternal and child health, com-
municable diseases, non-communicable 
diseases, utilization of health services, 
and environmental health (Indonesian 
Ministry of Health, 2008). 
Statistical analyses

The prevalences of coronary heart 
disease, stroke and hypertension were cal-

culated as percentages. The Se concentra-
tions in the samples were recorded as mg/
kg. The Shapiro-Wilk and Kolmogorov-
Smirnov tests were used to check the nor-
mality of the data distribution. Bartlett’s 
test was used to check the homogeneity 
of variances. The data were presented as 
correlation coefficients (r) and probabili-
ties (p). A one-way analysis of variance 
(ANOVA) followed by the post-hoc Tukey 
test was used to determine the differences 
and statistical significance of normally 
distributed variables among the groups. 
The Kruskal-Wallis analysis, followed 
by a post-hoc test using Mann-Whitney 
tests with the Bonferroni correction, was 
used for non-parametric data. The Pear-
son’s product moment and Spearman’s 
rank test were performed for correlation 
analysis. All statistical analyses were 
performed using R commander software, 
version 2.11.1 (R Development Core Team, 
2008). A p-value <0.05 was considered as 
significant.

RESULTS 

Table 2 shows the Se concentrations 
and prevalences of CVD in several prov-
inces of Indonesia. The Shapiro-Wilk test 
showed a significant association between 

Table 2
Se concentration in the soil and rice and prevalences of schemic heart disease,  

hypertension and stoke by location in Indonesia.

Area  Selenium (mg/kg)a  Prevalence (%)

  Soil Rice Heart disease Hypertension Stroke

Papua 1.31±0.07 0.068±0.0015 4.3 22.0 0.38
Lampung 1.25±0.08 0.101±0.0059 2.6 24.1 0.64
Kalimantan 0.18±0.03 0.007±0.0012 4.4 29.8 0.55
Java 0.44±0.11 0.022±0.0040 8.2 29.4 0.93
Bali 0.24±0.03 0.007±0.0040 5.4 29.1 0.68
Sulawesi 0.24±0.03 0.024±0.0006 8.6 31.6 0.76

aMean ± standard deviation (n=3).
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CVD and paddy soi l 
(W=0.7726, p=0.032) and 
rice (W=0.788, p=0.04570). 
A Kruskal-Wallis test re-
vealed significant differ-
ences in Se concentration 
in the soil by province 
(c2=15.8,  p<0.01).  The 
prevalences of heart dis-
ease were significantly 
lower in areas where the 
selenium concentration 
was higher, such as in 
Lampung and Papua.

The correlation be-
tween Se concentration in 
the paddy soil and the rice 
is shown in Fig 4. A posi-
tive correlation was seen 
between the Se concen-
tration in the paddy soil 
and the rice (Spearman’s 
r =0.86, p=0.025). 

Fig 2 shows the Se 
concentration in the soil 
of Lampung and Fig 3 
shows the Se concentra-
tion in the rice of Lam-
pung. The Shapiro-Wilk 
and Kolmogorov-Smirnov 
tests revealed the Se con-
centration in the paddy 
soil were normally dis-
tributed (W=0.94, p=0.6115 
and D=0.2209, p=0.7551, 
respectively); the Se con-
centration in the rice was 
also normally distributed 
(W=0.9655, p=0.8608 and 
D=0.1365, p=0.9928, re-
spectively). 

The correlation be-
tween the Se concentra-
tion in the soil and the 

Fig 2–Concentrations of selenium in paddy soil (mg/kg), Lampung-
Indonesia.
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Fig 3–Concentrations of selenium in rice (mg/kg), Lampung- 
Indonesia.
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Fig 4–Correlation between selenium (Se) concentration in paddy soil and rice. (A) sample from 
Lampung, (B) sample from other areas.
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rice from Lampung is shown in Fig 4. A 
positive correlation was found between 
Se concentration in the paddy soil and in 
the rice (r= 0.81, p= 0.014). 

The correlation between Se concen-
tration and cardiovascular disease in 
Lampung is shown in Fig 5. Heart disease 
prevalence was negatively correlated with 
Se concentration in the paddy soil (r=-0.77, 
p=0.02) and rice (r= -0.71, p=0.05). Nega-
tive correlations were also seen for stroke 
prevalence and Se concentration in the 
paddy soil (r=-0.59, p=0.12) and rice (r= 
-0.46, p=0.25). Hypertension prevalence 
was negatively correlated with the Se 
concentration in the paddy soil (r=-0.76,  
p=0.027) and rice (r=-0.83, p=0.01).

DISCUSSION

Problems associated with an excess 
or deficiency of Se are found world-wide. 
Keshan disease and Kashin-Beck disease, 
have been endemic in parts of China. 
Keshan disease in an endemic cardio-

myoparthy and Kashin-Beck disease is an 
endemic osteoarthropathy; these diseases 
are associated with Se deficiency in the 
soil (Ge and Yang, 1993; Tan et al, 2002). 
A low Se concentration in the soil has 
been shown to contribute to increased 
incidence of Kashin-Beck disease in the 
former Soviet Union (Ermakov, 1992). In 
areas where the soil Se concentration is 
highly variable, such as in the USA, isch-
emic heart disease deaths were inversely 
correlated with blood Se concentrations 
in 25 cities from 22 states (Jackson, 1988). 
Our results showed a broad variation in Se 
concentration in paddy soil and rice from 
different islands in Indonesia. 

When considering the relationship 
between disease and Se concentration in 
the soil, Tan et al (2002) proposed a refer-
ence values of 0.123-0.175 mg/kg and >3 
mg/kg as Se-deficiency and Se-excess, 
respectively. Using these threshold val-
ues, the Se concentration of the paddy 
soil from Lampung is neither Se-deficient 
nor Se-excessive. The Se concentrations 
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of the paddy soil and rice samples from 
Lampung were higher than the samples 
from the other islands. The mean Se con-
centration from Lampung was 1.2 mg/kg 
with a range of 0.41-2.38 mg/kg and 0.23 
mg/kg, with a range of 0.08-0.62 mg/kg in 
the paddy soil and the rice, respectively.

Along with having higher Se con-
centrations in the paddy soil and rice in 
Lampung, residents had a lower preva-
lence of CVD than other provinces of 
Indonesia. The national prevalence of 
diagnosed heart disease is 0.9% with a 
range of 0.4-2.0%, while in Lampung, the 
prevalence of diagnosed heart disease was 
0.5%. Similarly, the national prevalence 
of hypertension is 31.7% with a range of 
20.1-39.6%, while in Lampung, the preva-
lence of hypertension is 24.1% (Indonesian 
Ministry of Health, 2008). 

Rice is thought to concentrate Se 
more efficiently from the soil than from 
other food crops (Steinnes, 2009). In Enshi 
County, China, Se-rich soil is present. In 
this seleniferous area, the rice contains up 
to 2.5 µg/g Se (Yang et al, 1989). However, 
in West Kalimantan, where the Se concen-
tration is 0.18 mg/kg in the soil, we found 
a rice Se concentration of 0.007 mg/kg. 
Therefore, the Se content of staple foods 
depends on the amount of Se present in 
the soil (Raghunath et al, 2002). 

The Se intake by humans is deter-
mined mainly by the level of available Se 
in the soil in which their food is grown 
as well as their diet. The Se concentration 
in the human body depends mainly on 
the amount of Se in the diet (Dodig and 
Cepelak, 2004). People who consume Se-
rich rice would be expected to have fewer 
Se deficiency symptoms than those who 
consume Se-poor rice. Study by Karita et al  
(2001), the serum Se concentration of 
Japanese living in Sao Paulo was lower 

than Japanese living in Tokyo and the rice 
grown in Japan had a higher concentration 
of Se than rice grown in Brazil.

In our study we found a negative as-
sociation between CVD prevalence and Se 
concentration; however a study from New 
Zealand (Robinson, 1989) found no asso-
ciation. In that study, the Se concentration 
in the soil of New Zealand was lower, but 
the prevalence of hypertension and cancer 
were similar to those Western countries 
with higher Se intakes (Robinson, 1989). 
The wheat used in making bread in New 
Zealand is primarily imported and is 
Se-rich (Lyons et al, 2003). The negative 
correlation between CVD prevalence 
and Se concentration in our study sug-
gests the local people primarily eat food 
grown locally, where there is a low soil Se 
concentration. 

Our study had some limitations. 
Causal inference cannot be made based on 
the results of this study. Other CVD fac-
tors, such as genetics, smoking and obe-
sity, were not controlled for in this study.

Our study gives evidence of a signifi-
cant negative association between CVD 
prevalence and Se in the environment. 
These results show the importance of Se 
for human health, in particular, cardiovas-
cular health. The Se concentration in the 
soil should be considered as associated 
with CVD. Further studies of providing Se 
supplementation as primary prophylaxis 
of CVD need to be conducted.

REFERENCES

Abdulah R, Miyazaki K, Nakazawa M, Koyama 
H. Low contribution of rice and vegetables 
to the daily intake of selenium in Japan. Int 
J Food Sci Nutr 2005; 56: 463-71.

Ahmad N, Bhopal R. Is coronary heart disease 
rising in India? A systematic review based 



Ecological Study of SElEnium and cardiovaScular diSEaSE

Vol  47  No. 2  March  2016 307

on ECG defined coronary heart disease. 
Heart 2005; 91: 719-25.

Ahsan DA, DelValls TA, Blasco J. Distribution of 
arsenic and trace metals in the floodplain 
agricultural soil of Bangladesh. Bull Envi-
ron Contam Toxicol 2009; 82: 11-5.

Al-Saleh IA, Al-Jaloud A, Al-Doush I, El-Din 
G. The distribution of selenium levels in 
Saudi dairy farms: a preliminary report 
from Al-Kharj. J Environ Pathol Toxicol 
Oncol 1999; 18: 37-46.

Aygul N, Ozdemir K, Abaci A, et al. Prevalence 
of risk factors of ST segment elevation 
myocardial infarction in Turkish patients 
living in Central Anatolia. Anadolu Kardiyol 
Derg 2009; 9: 3-8.

Barus J, Andarias A. Phosphorus and potassium 
status in paddy soils (Sawah) of Central 
Lampung Regency. Jurnal Tanah dan Ling-
kungan 2007; 9: 4 (in Indonesian).

Beytut E, Karatas F. Lambs with white muscle 
disease and selenium content of soil and 
meadow hay in the region of Kars, Turkey. 
Vet J 2002; 163: 214-7.

Chrysikou L, Gemenetzis P, Kouras A, Manoli 
E, Terzi E, Samara C. Distribution of per-
sistent organic pollutants, polycyclic aro-
matic hydrocarbons and trace elements in 
soil and vegetation following a large scale 
landfill fire in northern Greece. Environ Int 
2008; 34: 210-25.

DAI Study Group. The prevalence of coronary 
heart disease in Type 2 diabetic patients 
in Italy: the DAI study. Diabet Med 2004; 
21: 738-45.

Dodig S, Cepelak I. The facts and controver-
sies about selenium. Acta Pharm 2004; 54: 
261-76.

El-Ghawi UM, Al-Fakhri SM, Al-Sadeq AA, Be-
jey MM, Doubali KK. The level of selenium 
and some other trace elements in different 
Libyan arable soils using instrumental 
neutron activation analysis. Biol Trace Elem 
Res 2007 119: 89-96.

Ermakov VV. Biogeochemical regioning prob-
lems and the biogeochemical selenium 

provinces in the former USSR. Biol Trace 
Elem Res 1992; 33: 171-85.

Ge K, Yang G. The epidemiology of selenium 
deficiency in the etiological study of en-
demic diseases in China. Am J Clin Nutr 
1993; 57: S259-63.

Hakim IA, Alsaif MA, Alduwaihy M, Al-
Rubeaan K, Al-Nuaim AR, Al-Attas OS. 
Tea consumption and the prevalence of 
coronary heart disease in Saudi adults: 
results from a Saudi national study. Prev 
Med 2003; 36: 64-70.

Hassadi MF, Khattri HN, Nimkhedkar K, 
Maheshwari VD, Mousa ME. Echocardio-
graphic features of mitral valve prolapse 
in Libyan patients. Afr J Med Med Sci 1989; 
18: 83-7.

Icaza G, Nunez L, Marrugat J, et al. [Estimation 
of coronary heart disease risk in Chilean 
subjects based on adapted Framingham 
equations]. Rev Med Chil 2009; 137: 1273-82.

Indonesian Central Bureau of Statistic. 2007. 
[Cited 2011 Feb 22]. Available from: http://
www.bps.go.id/index.php/publikasi/

Indonesian Ministry of Health. The report on 
results of national basic health research 
(RISKESDAS). Jakarta: Ministry of Health, 
2008.

Jackson ML. Selenium: geochemical distribu-
tion and associations with human heart 
and cancer death rates and longevity in 
China and the United States. Biol Trace Elem 
Res 1988; 15: 13-21.

Karita K, Hamada GS, Tsugane S. Comparison 
of selenium status between Japanese living 
in Tokyo and Japanese Brazilians in Sao 
Paulo, Brazil. Asia Pac J Clin Nutr 2001; 
10: 197-9.

Kengne AP, Amoah AG, Mbanya JC. Cardiovas-
cular complications of diabetes mellitus in 
sub-Saharan Africa. Circulation 2005; 112: 
3592-601.

Lyons G, Stangoulis J, Graham R. High-sele-
nium wheat: biofortification for better 
health. Nutr Res Rev 2003; 16: 45-60.

Neto GB, da Silva EN. Os custos da doença 



SoutheaSt aSian J trop Med public health

308 Vol  47  No. 2  March  2016

cardiovascular no Brasil: Um breve co-
mentário econômico. Arq Brasil Cardiol 
2008; 91: 217-8.

Njofang C, Matschullat J, Amougou A, Tch-
ouankoué JP, Heilmeier H. Soil and plant 
composition in the Noun river catchment 
basin, Western Cameroon: a contribution 
to the development of a biogeochemical 
baseline. Environ Geol 2009; 56: 1427-36.

Pacheco AM, Scussel VM. Selenium and afla-
toxin levels in raw Brazil nuts from the 
Amazon basin. J Agric Food Chem 2007; 
55: 11087-92.

Panagiotakos DB, Pitsavos C, Chrysohoou 
C, Skoumas I, Stefanadis C. Prevalence 
and five-year incidence (2001-2006) of 
cardiovascular disease risk factors in a 
Greek sample: the ATTICA study. Hellenic 
J Cardiol 2009; 50: 388-95.

Pinochet H, De Gregori I, Lobos MG, Fuentes 
E. Selenium and copper in vegetables and 
fruits grown on long-term impacted soils 
from Valparaiso region, Chile. Bull Environ 
Contam Toxicol 1999; 63: 327-34.

Raghunath R, Tripathi RM, Mahapatra S, Sa-
dasivan S. Selenium levels in biological 
matrices in adult population of Mumbai, 
India. Sci Total Environ 2002; 285: 21-7.

R Development Core Team. R: A lanquage 
and environment for statistical comput-
ing. Vienna: R Foundation for Statistical 
Computing, 2008.

Robinson MF. Selenium in human nutrition in 
New Zealand. Nutr Rev 1989; 47: 99-107.

Sayeed MA, Mahtab H, Sayeed S, Begum T, 
Khanam PA, Banu A. Prevalence and risk 
factors of coronary heart disease in a rural 
population of Bangladesh. Ibrahim Med 
Coll J 2010 4: 37-43.

Shamberger RJ, Willis CE, McCormack LJ. 

Selenium and heart disease. III. Blood se-
lenium and heart mortality in 19 states. In: 
Trace substances in environmental health. 
Columbia: University of Missouri, 1979.

Spadoni M, Voltaggio M, Carcea M, Coni E, 
Raggi A, Cubadda F. Bioaccessible sele-
nium in Italian agricultural soils: Compari-
son of the biogeochemical approach with 
a regression model based on geochemical 
and pedoclimatic variables. Sci Total Envi-
ron 2007; 376: 160-77.

Steinnes E. Soils and geomedicine. Environ 
Geochem Health 2009; 31: 523-35.

Sun S, Zhai F, Zhou L, Yang G. The bioavail-
ability of soil selenium in Keshan disease 
and high selenium areas. Chin J End Dis 
1985; 4: 21-8.

Tan J, Zhu W, Wang W, et al. Selenium in soil 
and endemic diseases in China. Sci Total 
Environ 2002; 284: 227-35.

World Health Organization (WHO). Interna-
tional classification of diseases. Geneva: 
WHO, 1990. [Cited 2015 Jun 18]. Available 
from: http://www.who.int/classifications/
icd/en/

World Health Organization (WHO). Cardiovas-
cular disease. Geneva: WHO, 2015. [Cited 
2015 Jun 28]. Available from: http://www.
who.int/mediacentre/factsheets/fs317/en/

Yadav SK, Singh I, Singh D, Han SD. Selenium 
status in soils of northern districts of India. 
J Environ Manage 2005; 75: 129-32.

Yang G, Zhou R, Yin S, et al. Studies of safe 
maximal daily dietary selenium intake in 
a seleniferous area in China. I. Selenium 
intake and tissue selenium levels of the 
inhabitants. J Trace Elem Electrolytes Health 
Dis 1989; 3: 77-87.

Zhang XH, Lu ZL, Liu L. Coronary heart dis-
ease in China. Heart 2008; 94: 1126-31.


