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Abstract Previous studies have shown that the selenium (Se)
deficiency is an important factor for the etiology of Kashin—
Beck disease (KBD). Although KBD is presently controlled in
most regions of China, it is still active in the Tibetan Plateau.
The present study aimed to assess the nutritional status of
selenium in school children by using the Se level in hair as a
biomarker in KBD endemic areas of Lhasa in Tibet, China.
Hair samples of 155 school children aged 615 years were
collected in both KBD areas and non-KBD areas of Lhasa in
2013. The Se level in the hair samples was determined by
inductive coupled plasma mass spectrometry (ICP-MS). The
average concentration of Se in children’s hair was 0.232 pg/g
in KBD areas of Lhasa, which was significantly higher than
the data reported decades ago. A significant difference in hair
Se was observed between the boys (0.255 pg/g) and the girls
(0.222 ug/g) in the studied KBD areas (P<0.01, Mann—Whit-
ney U test), but hair Se did not vary by age or region. School
children in KBD endemic areas in Lhasa likely have improved
Se status as a result of high Se content staple food substitution
with the enforcement of Free Education Policy and Nutrition
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Improvement Plan in Tibet. Nevertheless, there were still
20.3 % of students with low Se status (hair Se <0.20 pg/g),
which showed that Se status of school children was also partly
affected by low Se environment in KBD endemic areas of
Lhasa.
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Introduction

Kashin—Beck disease (KBD) is a chronic, endemic, degener-
ative osteoarthropathy characterized by severe skeletal defor-
mation and dwarfism and usually occurs in adolescence. Chi-
na has the highest KBD disease incidence, with cases occur-
ring in 303 counties of 15 provinces, autonomous regions, and
municipalities of Heilongjiang, Jilin, Liaoning, Inner Mongo-
lia, Hebei, Beijing, Shandong, Shanxi, Henan, Shaanxi, Gan-
su, Qinghai, Sichuan, Tibet, and Taiwan [1]. With the imple-
mentation of KBD prevention and control measures, which
included Se supplement with oral sodium selenite tablets,
selenized salt, spraying Se onto crops and eating Se-rich food,
improving water quality by microbiological filtration, grain
substitution, etc., and the improvement of social and economic
conditions in endemic areas starting from1980s, the preva-
lence of KBD has decreased greatly in most regions of China
[1, 2]. However, Qinghai, west of Sichuan, and Tibet still have
relatively active and serious cases of KBD [3].

Since KBD was first described in 1949 in Russia, various
hypotheses about the etiology had been proposed [4-8]. While
the etiology remains obscure, there were three dominating
hypotheses: Se deficiency in the environment, organic matter
in drinking water such as humic acid, and cereal contamina-
tion by myco-toxin producing fungi [9—12]. Recent studies
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have shown that KBD prevalence resulted from interactions of
genetic susceptibility and environmental factors including se-
lenium and/or iodine deficiency, low selenium and/or T-2 tox-
in, etc. [13]. Although there were some problems that need to
be resolved, some studies demonstrated that Se deficiency in
the environment played an important role in leading the oc-
currence of KBD. First, KBD most commonly occurs in the
areas with an environment of low Se. In China, KBD has been
closely related to Se deficiency detected in soil, food grains,
animal and human hair, and human blood in disease-affected
areas, compared with those in unaffected areas. Second, there
has been great success using Se supplementation to prevent
and control KBD [9, 14-17]. However, some scientists con-
sider that the environmental low Se was only an external con-
dition but not the initial etiology causing KBD [18, 19].

The two earliest KBD cases were detected in Tibet in 1965
[20]. By the 1970s, there were 13 counties affected with KBD
in Tibet, and the combined incidence rate presented in
Mozhugongka, Linzhou, and Nimu Counties was 52.0 %
[20]. In 1999, an epidemiological survey of KBD areas in
Tibet reported 18,700 affected patients, which was double
than that of in the 1970s. Young children were considered to
be particularly vulnerable to KBD. The incidence rates in
children aged 4-12 years, detected by radiography, were 59
children (50.4 %) of 117 children in Sangri [21], 20 children
(33.9 %) out of 59 children in Linzhou [21], and 200 out of
331 children in Changdu, in proportion of 60.4 % [22]. Se
deficiency was also associated with the KBD prevalence and
severity in Tibet, which was observed by previous stud-
ies [20, 23, 24].

Since 2001, a series of trials of multiple control measures
such as Se supplementation, grain substitution, water quality
improvement, and vitamin C supplementation were enforced
in eight KBD-affected counties of Tibet, and within a short
period, decreased clinical detection and X-ray detection rates
of KBD in children were observed [25]. At the same time, the
Free Education Policy implemented involving all primary and
high boarding schools in farming and pastoral areas in Tibet,
with all tuition, food, and lodging expenses free for students
[26]. Since 2012, the Nutrition Improvement Plan has directly
promoted dietary structure and nutritional conditions for
school children in Tibet. However, the Se nutrition impact
assessment of these policies in children in KBD areas
is lacking.

Se levels in blood, plasma, and serum are usually used to
assess the Se status in previous studies [27, 28]. However,
collecting the hair sample has the advantage of noninvasive
sampling, and easy to transport and store for a long time [29,
30]. Furthermore, Se in people’s hair is correlated with the Se
level in the kidney, liver, lung, plasma [31, 32], and blood
[33]. Hair Se concentration has been widely used as a criterion
of evaluating environmental exposure levels and assess sele-
nium nutritional status [34-36]. Moreover, hair Se
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concentration is often employed as a bioindicator for long-
term daily Se intake [36-38]. The focus and aim of this study
were to evaluate and assess Se concentrations in the hair of
school children who were living in KBD areas in Lhasa, Tibet,
China.

Materials and Methods
Site Description and Subject Selection

In August 2013, a cross-sectional study was conducted in two
counties (Mozhugongka County and LinZhou County) in cen-
tral of Tibetan Plateau, located in Lhasa Region of Tibet, Chi-
na. The two counties lie between longitudes 90° 50'-92° 30’
and latitudes 29° 32'-30° 30’, altitude between 3850 and
4200 m. The geographical area of the two counties is 10,
029 km? and has a population of 94,920 at the end of 2010,
97.5 % of whom are Tibetans. Five schools were chosen for
the hair sample collection in the two counties. Among them,
four schools located in KBD endemic areas, which were
Nimajiangre Village, Zhaxigang Village of Mozhugongka
County, and Kazi Village, and Alang Village of Linzhou
County, and one school situated in non-KBD area was select-
ed as the control, which was Jiangxia Village of Linzhou
County (Fig. 1). The five schools had all implemented the
Free Education Policy of Tibet, and staple food samples con-
suming by students in the five schools were also collected.

The study protocol was approved by the Lhasa Health Bureau
of Tibet and the agreements of the five schools. Ten percent of
total students with informed consent were randomly selected in
each school, trying to keep evenly distributed in grades. To guar-
antee a successful collection of hair samples, children with dyed
hair or short hair (length less than 5 mm) were excluded. Under
such selection criteria, 123 school children aged 6-15 years old
(55 boys and 68 girls) were recruited from KBD areas. A second
group consisted of 33 school children aged 615 (14 boys and 18
girls) were recruited from non-KBD areas.

Among the selected students from the KBD area, five chil-
dren were diagnosed to be suspected cases of KBD, which
was determined by X-ray photos for the right hand including
wrist, and the special doctor analyzed those photos and got the
detected results using the diagnostic criteria established by the
Ministry of Health of the People’s Republic of China [39].

Sample Collection and Preparation

Approximately 0.5-g hair samples with length of 1-3 cm were
collected from the nape of the head as near as possible to the
scalp with a pair of stainless steel scissors and stored in poly-
ethylene bags for later sample preparation. The hair samples
were washed three times with neutral detergent, rinsed with
distilled water, and dried in an oven at a temperature of 60 °C
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Fig. 1 Location and sampling sites of the study areas

for 6-8 h. Then, the hair samples were cut into small pieces
(2-3 mm) for Se determination [24, 40].

Three kinds of staple food consuming in the five investigated
schools were collected. Five samples of tsampa as breakfast was
made of local higher barley cultivated in Tibet, and five rice sam-
ples and five wheat flour samples were imported to Lhasa from
other provinces of eastern China. All of the grain samples were
oven-dried at 60 °C for 6-8 h to remove all of the moisture. Then,
the dried grain samples were crushed in a stainless steel vegetation
disintegrator (FW100, Taisite Instrument Co. LTD, Tianjin, China)
for a short time and stored for Se determination [41].

Sample Digestion and Analysis

Hair and grain samples (0.1 g each) were placed separately in
50-mL beakers and digested in a mixture of concentrated
HNO; and H,O, (v:v=2:1) on a hot plate until the solution
became clear. During this process, the temperature was main-
tained at <150 °C to prevent Se from volatilizing. After
cooling, the samples were diluted by deionized water to
10 mL. Blank, parallel, and standard samples for the external
calibration procedure were prepared in the same way.

Se concentrations were determined by ICP-MS (ELAN
DRC-e, PerkinElmer Instrument Co., Shelton, CT, USA)

which has been regarded as an important technique explored
for its potential for Se analysis. The detection limit of Se with
ICP-MS was 0.01 pg/g. Rapid, quasi-simultaneous, multi-
element detection capabilities, high sensitivity, and detection
power have made this technique an important tool for the
analysis of trace elements in biological samples [42—44]. All
of the reagents were of analytical-reagent grade or better, pro-
vided by Sino-pharm Chemical Reagent, Beijing, China. The
purified water for all dilutions was of 18.3 MQ cm™' purity
using the Milli-Q (Millipore, Bedford, MA, USA) deioniza-
tion system.

Accuracy and Precision

For quality control, the accuracy was guaranteed by using of
certified reference materials (CRMs). The Se concentration
determined in the reference material GBW09101b (human
hair, standard reference material, Shanghai Institute of Nucle-
ar Research, Shanghai, China) was 0.580+0.006 mg/kg (n=
8), which was consistent to certified concentration of 0.590+
0.040 mg/kg. The measured Se value in reference material
GBWI10010 (rice, standard reference material, Institute of
Geophysical and Geochemical Exploration, Beijing, China)
was 0.067+0.006 mg/kg (n=8), which was comparable to
certified value of 0.061+0.015 mg/kg.
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Precision was maintained by analyzing parallel samples of
replicate assays (10 % of the total samples), obtaining a coef-
ficient of variation of 0.5-5.3 %.

Statistical Analysis

The data was presented as means and standard deviations for
continuous variables (mean+S.D.). The Kolmogorov—
Smirnov’s test was carried out to examine if the hair Se
followed a Gaussian distribution (P<0.05). Mann—Whitney
U test was used for comparing the difference of hair Se be-
tween any two groups. Kruskal-Wallis H test of one-way
analysis of variance (ANOVA) was performed to compare
Se in the hair of school children among region or age groups.
The linear regression analysis was used to evaluate the asso-
ciation between hair Se and children age. Differences were
considered significant at level of P<0.05. The SPSS 19.0
(IBM Corp., Armonk, NY, USA) was used to perform all
these statistical analyses. Location map of the study area was
made using ArcGIS 10.0 (Esri, Redlands, CA, USA).

Results and Discussion

Kolmogorov—Smirnov’s test result showed that the log trans-
formation Se concentration in the hair samples of all students
formed a Gaussian distribution (Fig. 2). As shown in Table 1,
the mean hair Se level of children in the KBD areas and non-
KBD area were 0.232+0.058 pg/g and 0.236+0.047 ug/g
respectively, and no significant difference was observed be-
tween two groups (Mann—Whitney U test, P>0.05).
Suspected KBD children had significantly lower hair Se con-
centrations than the other healthy children in the KBD endem-
ic areas (Mann—Whitney U test, P<0.01) (Table 2).

The average hair Se levels in boys and girls in KBD areas
were 0.255+0.046 and 0.2224+0.043 ng/g, respectively
(Mann—Whitney U test, P<0.01). Table 3 summarizes the hair
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Fig. 2 The statistical distribution of hair Se concentration in the study
area (gray line)
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Table 1  Se concentration in hair samples of children in the study area
(ng/e)

Group Number Mean+S.D. Min Max
KBD area 123 0.232+0.058" 0.134 0.373
Non-KBD area 32 0.236+0.047* 0.141 0.349

Means bearing the same superscript letter indicate that the observed dif-
ference is not statistically significant (P>0.05, Mann—Whitney U test)

Se levels in all schools as well as in the corresponding gender
groups. Although hair Se levels were all higher in boys than
those in girls in each of the four KBD endemic villages, the
difference was significant only at Nimajiangre, Mozhugongka
County, and Zhaxigang, Mozhugongka County (Mann—Whit-
ney U test, P<0.05). It was found that mean hair Se concen-
trations of boys (0.268+0.046 ng/g) were also significantly
higher than of girls (0.205+0.051 pg/g) (Mann—Whitney U
test, P<0.01) in the non-KBD area. These results were similar
to previous findings reported in China. In Gansu Province, the
Se status of boys was higher than that of girls in KBD areas
such as Longnan and Qingyang Counties. However, in non-
KBD areas such as Tianshui and Lanzhou, the levels were not
significantly different [45]. A similar phenomenon was also
found in the KBD areas of Jilin Province [46]. Moreover, our
findings were similar with those based on a national report of
biochemical indicators of diet and nutrition in the USA
(1999-2002), where the blood Se concentration in boys was
higher than that in girls [47]. Consistent observations have
been documented in children in New Zealand (5-14 years
old) and Slovakia (11-18 years old) [48, 49]. Moreover, in
Ganji of Iran, the hair Se levels were significantly lower in
women than in men [50]. Potential explanations for the differ-
ences between the genders may include a difference in daily
food intake and consumption habits (e.g., amount of caloric
intake) [51, 52]. Second, different absorption and me-
tabolism characteristics in addition to human character-
istics between boys and girls might have an effect on
Se levels. Indeed, more attention should be paid to the
sex-dependent metabolic differences, and the underlying
mechanisms require further research. Moreover, the gen-
der difference should be considered for the prevention
and control of KBD in Tibet.

Additionally, Kruskal-Wallis H test of ANOVA was used
to obtain a better insight into the difference of hair Se levels
among the four KBD-affected villages. No significant differ-
ences in hair Se concentrations of boys among the village
groups were evident, as well as those of girls (P>0.05). It
can be partly explained that the dietary Se intake is the major
factor influencing Se status in human body, the dietary struc-
ture of students in the studied schools is broadly consistent
with the adoption of the Free Education Policy and Nutrition
Improvement Plan in Tibet, and all of the primary schools in
Lhasa had adopted unified food supply.
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Table 2 Comparison of Se concentration in hair samples of children
suspected of KBD and healthy children in the KBD area (p1g/g)

Group Number Mean+S.D. Min  Max
Children suspected of KBD 5 0.183+£0.031* 0.134 0.212
Healthy children 150 0.237£0.049° 0.141 0373

Means bearing the different superscript differ significantly (P<0.05,
Mann—Whitney U test)

For age comparisons, the participants in KBD areas were
divided into an older age group (11-15 years old) and younger
age group (610 years old). The hair Se concentration in the
older age group (11-15 years old) was slightly higher (0.239+
0.049 ng/g) than that in the younger age group (610 years
old) (0.223+0.047 ng/g) (Mann—Whitney U test, P>0.05).
According to the average Se concentration of every age, there
was an equation: y=0.004x+0.2078 (R*=0.370, P>0.05).
This linear relationship did not include children in age of 6—
7 as the number of the two age groups was small. Although
there were no significant differences among all the age groups
(Kruskal-Wallis H test of ANOVA, P>0.05), hair Se levels
had a rise along with the increase of children age. Increase of
food intake may be the factor in the rising of hair Se in older
students. This was also observed in children hair samples from
North and South Libya and Ankara [34, 37].

On comparison with the recent data of KBD areas in other
provinces of China (Table 4), the hair Se concentration of
school children in KBD areas of Lhasa was similar to the
results reported in Rangtang of Sichuan Province and higher
than those in Longnan, Qingyang, Dingxi of Gansu Province,
Guide, and Xinghai of Qinghai Province. However, when
compared with the non-KBD areas in central of China, the
mean hair Se was much lower than the data in Xinxiang
(0.53+£0.14 pg/g) and Zhengzhou (0.38+0.18 ng/g) of
the Henan Province, Nanchong of Sichuan Province

(0.44+0.81 pg/g), and Lanzhou of Gansu Province
(0.42£0.11 pg/g).

Among the 123 survey school children in KBD area of
Lhasa, 36 children (29.3 %, 23 boys and 13 girls) had normal
hair Se level, according to the threshold of hair Se value clas-
sified by past research efforts related to Se-endemic disease in
China [57], quoted in many research papers [51, 58, 59]. The
hair Se level of 25 children (20.3 %, 5 boys and 20 girls) was
lower than 0.20 png/g, which was deemed to be in Se deficien-
cy status. The hair Se concentration of 62 children (50.4 %, 27
boys and 35 girls) ranged from 0.20 to 0.25 pg/g and would be
indicated on the edge of Se deficiency. These data suggested
that Se nutritional status of school children living in KBD
areas of Lhasa was still relatively low.

Nevertheless, the mean hair Se level of school children
observed in the KBD areas of Lhasa in this study was sub-
stantially higher than the data observed decades ago in KBD
areas in Tibet, i.e., 0.067 pug/g reported in 1982 [60], as well as
0.142 ug/g reported in 2003 [61], which may benefit from the
implementation of the Free Education Policy and Nutrition
Improvement Plan in Tibet. Particularly, the staple foods con-
sumed by school children were mainly outsourced foods such
as rice and wheat flour from other provinces of China, com-
pared with most of their consumption of locally sourced foods
at home, such as tsampa, made of highland barley grains.
Results of Se concentration of staple foods collected at
schools showed that the average Se concentration of local
tsampa was 5.4+1.3 pg/kg (5), which was much lower than
that in rice (53.3+£9.3 pg/kg (5)) and wheat flour (31.8+
5.1 pug/kg (5)) imported from other provinces of China
(Mann—Whitney U “test, P<0.01). Undoubtedly, outsourcing
of staple foods provides a major contribution to improvements
in the dietary Se intake of school children in KBD endemic
area of Lhasa, China.

Whereas students spend 28 weeks of every year (200 days)
in school and the rest of the time is spent at home, the dietary

Table 3  Gender differences in hair Se concentrations of school children from different villages (p1g/g)

Location (village, county) Boys Girls P value
n Mean+S.D. Min Max n Mean=S.D. Min Max
KBD area
Nimajiangre, Mozhugongka 18 0.265+0.041 0.177 0.332 18 0.237+0.047 0.177 0314 0.027
Zhaxigang, Mozhugongka 13 0.246+0.040 0.183 0.308 14 0.214+0.020 0.185 0.251 0.033
Kazi, Linzhou 10 0.235+0.029 0.200 0.308 20 0.221+0.042 0.174 0.331 0.183
Alang, Linzhou 14 0.265+0.062 0.197 0.373 16 0.215+0.053 0.134 0.329 0.077
Non-KBD area
Jiangxia, Linzhou 14 0.268+0.046 0.204 0.349 18 0.205+0.051 0.141 0.328 0.001

Comparison of hair Se between boys and girls in each village was done using Mann—Whitney U test, and significant P values are indicated in italics (boys

vs. girls)

n sample numbers
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Table 4 Comparison of hair Se

levels from different KBD area Location Number Mean+S.D. Range References

and non-KBD area of China

(ug/g) KBD area
Longnan, Gansu 86 0.22+0.07 0.07-0.41 Kang F et al. [45]
Qingyang, Gansu 99 0.22+0.06 0.09-0.40 Kang F et al. [45]
Dingxi, Gansu 69 0.20+0.07 0.08-0.46 Kang F et al. [45]
Rangtang, Sichuan 75 0.24+0.09 0.07-0.54 Xu X et al. [53]
Guide, Qinghai 171 0.15+0.07 0.05-0.38 Zhang Q et al. [54]
Xinghai, Qinghai 130 0.19+0.09 0.04-0.46 Zhang Q et al. [54]
Lhasa, Tibet" 123 0.23+0.06 0.13-0.37

Non-KBD area

Lanzhou, Gansu 65 0.42+0.11 0.17-0.63 Kang F et al. [45]
Nanchong, Sichuan 22 0.44+0.81 0.33-0.63 Xu X etal. [53]
Zhengzhou, Henan 30 0.38+0.18 n.a. Wang D et al. [55]
Xinxiang, Henan 102 0.53+0.14 0.24-0.92 Gao G et al. [56]

n.a. data is not available
#Data from this study

pattern at home would also influence the hair Se levels of
school children. Therefore, the Se status of students in KBD
areas of Lhasa was still partly affected by the low Se environ-
ment. This may explain why some of the students in the pres-
ent study were still Se-deficient.

The present study focuses on assessment of hair Se status
of school children in the KBD areas in Lhasa. There were
some limitations in this study, including the relatively small
sample size, logistic constraints that prevented the collection
of every kind of food samples daily consumed by students
both at school and at home. The corresponding association
of hair Se levels with dietary Se intake at school and at home
in KBD areas in Tibet will be further studied.

Conclusion

The current study showed that the nutritional status of Se in
children has improved considerably in comparison with the
level of decades ago. These changes are primarily caused by
the increase in dietary intake of Se for school children, which
likely resulted from high Se level grain substitution within the
enforcement of the Free Education Policy and Nutrition Im-
provement Plan for school children in Tibet. Meanwhile, the
Se status of school children is partly affected by low Se envi-
ronment in KBD endemic areas of Lhasa. Se deficiency stays
in some students, especially female students. Therefore, it is
important to strengthen the supply of Se-rich foods for school
children such as seafood, eggs, meats, chicken, dry fruits, and
legumes, as others such mushrooms and garlic [30, 62-65].
The dietary Se intake survey of students in their school and
family is needed to deeply study the relationship between hair
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Se levels and daily Se intake, as well as its improvement
impact on the prevention and control of KBD in Tibet.
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