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Abstract Kaschin-Beck disease (KBD) is an endemic osteo-
arthritis, and the etiology is closely related with levels of trace
elements in the human body. Currently, it is clear that the
selenium (Se) status of children in KBD areas is lower than
that in non-KBD areas in the Tibetan Plateau, whereas role of
other elements are yet unknown. This study aimed to assess
some essential trace elements (Se, Mo, Mn, Zn, Fe, Cu, Co,
and Sr) in children using scalp hair as a biomarker, and 157
samples from school children aged 8—14 years old were col-
lected from both KBD and non-KBD areas in Shigatse, Tibet.
Se and Mo were measured by inductive coupled plasma mass
spectrometry, and the other elements were determined by in-
ductive coupled plasma optical emission spectrometry.
Compared with the non-KBD areas, Se, Mo, Mn, Fe, Zn,
Co, and Sr levels of children in KBD areas were found to be
significantly different (P < 0.05); while in linear discriminant
analysis, only Se and Zn were found to contribute to the KBD
prevalence in the study area. The hair Se level of children in
KBD areas ranged from 0.115 to 0.299 mg/kg, while in non-
KBD areas it ranged from 0.135 to 0.519 mg/kg. The Zn
content of children’s hair was between 83 and 207 mg/kg in
KBD areas, while it was 37 and 219 mg/kg in non-KBD areas.
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Lower Se and higher Zn levels in children in KBD areas
was found when compared with non-KBD groups. In addi-
tion, Mo levels were found to be different between KBD areas
and non-KBD areas on the opposite side of the Yarlung
Zangbo River, but no close relationship was shown because
there was no difference compared with the non-KBD area on
the same side of the river. Our observations suggest that Se
deficiency is still an important factor for the occurrence and
prevalence of KBD, while the relationship between Zn and
KBD needs to be further explored in the Tibetan Plateau.
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Introduction

Kaschin-Beck disease (KBD) is an endemic, chronic degen-
erative osteoarthritis that most commonly occurs in children
aged 5-15 years old [1, 2]. KBD was first described by N. L.
Kaschin in 1849, and is mainly distributed throughout North
Korea, Russia, and China [3, 4]. Although the etiology re-
mains unclear up to now, several hypotheses were dominating,
including selenium (Se) deficiency in the environment, grain
contamination by mycotoxin-producing fungi, water contam-
ination by organic materials such as fulvic acid, biological
toxin poisoning, and dietary nutrient deficiency [1, 5-7].

In previous reports, trace element imbalances in humans
can be shown to result from the deficiency or excess of trace
elements in the environment in KBD areas. Se was the most
studied element in KBD areas. Since the distribution of KBD
areas in China was found to correspond with the Se deficiency
distribution, Se deficiency in the external environment (soil,
water, plants, and grain foods), and the internal environment
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of the human body have been extensively studied [3, 8—11].
Moreover, experimental Se supplementation in KBD areas
showed a reduction of the incidence of KBD. Although there
were some problems remained to be solved, such as the failure
to experimentally prove a relationship between Se and KBD
in animals, previous studies indicated that Se deficiency is not
the initial etiology causing KBD [12], it is also a key factor in
the occurrence and development of KBD [3, 13]. Meanwhile,
levels of some other essential trace elements (iodine, molyb-
denum, manganese, iron, and zinc) may be related to the oc-
currence of the KBD [14, 15].

Recently, with economic development and improvements
in living standards, the prevalence of KBD has greatly de-
creased in most affected areas of China. However, KBD in
Tibet is still endemic [16]. To improve the diet of children in
the locality, the free education policy and nutrition improve-
ment plan was adopted in Tibet since 2000. Although Se
levels in school children have greatly improved [17], levels
of the other essential trace elements in children remain un-
known. For environmental exposure bio-monitoring of trace
elements in the human body, hair is widely used for its advan-
tages of noninvasive sampling and ease of storage [18, 19];
therefore, we used scalp hair as a biomarker. The aims of this
study were: (1) to assess the trace element status of school
children in KBD and non-KBD areas in Shigatse, Tibet, and
(2) to explore the relationship between essential trace element
levels in children and KBD distribution in Shigatse, Tibet.

Materials and Methods

Site Description and Subject Selection

Shigatse is located between the middle section of the
Himalayan mountain range and the middle of the Gangdese-

Nyaingentanglha hills. The Yarlung Zangbo River, which is
the longest plateau river in China, cuts across Shigatse. The

river basin is one of the main KBD areas in Tibet, and affected
areas are mostly on the north side of the river [16]. The aver-
age altitude of Shigatse is over 4000 m. Considering the KBD
distribution, geographical landscape, and traffic conditions in
Shigatse, a cross-sectional study was conducted in
Xietongmen County and Lazi County in October 2015.
Xietongmen County lies on the north side of the Yarlung
Zangbo River, between longitude 87° 34'-89° 12" and latitude
29° 18'-30° 26/, at altitudes between 3920 and 6310 m, and
Lazi County is located on the south side of the Yarlung
Zangbo River, between longitude 87° 24'-88° 21’ and latitude
28° 47'-29° 37", at altitudes of 3900 to 4280 m. Renqginze
village in Xietongmen County is a typical KBD area, with
new cases identified in 2009, 2010, and 2015, since
Xietongmen was first defined as a severe KBD endemic area
in 1999 [20-22]. Three schools were chosen for the hair sam-
ple collection in the two counties (Fig. 1). Among them,
Rengqinze primary school (hereafter indicated by RQs) located
in Rengqinze village in Xietongmen County represented the
KBD area. The other two schools located in non-KBD areas,
which were selected as controls, were Tongmen Wanquan
primary school (hereafter indicated by TMs) in Tongmen vil-
lage in Xietongmen County (as an internal contrast to the
KBD area) and Chawu Yiwu primary school (hereafter indi-
cated by CWs) in Chawu village in Lazi County (as an exter-
nal contrast to the KBD area on the north side of the Yarlung
Zangbo River). All three schools had implemented the free
education policy of Tibet.

The study protocol was approved by the Shigatse Health
Bureau of Tibet and parents or legal representatives of all the
participants that gave written consent prior to inclusion in the
study. Children were randomly selected from various age
groups. To guarantee successful hair sample collection, chil-
dren with dyed hair or short hair (length less than 5 mm) were
excluded [9]. Under such selection criteria, 157 children were
accepted to the survey, and the description of the groups is
presented in Table 1.

Fig. 1 Location and sampling
sites of the study areas

® KBD affected village

© Non-KBD village
== Boundary of Shigatse

b
‘U’Zv/‘:".
\

100
L—Ikm

@ Springer



Trace Element Levels in Scalp Hair of School Children in Shigatse

Table 1 Participant

characteristics Parameters Case group (RQs) Control group
TMs CWs
Sex” 22 (33) 24 (30) 24 (24)
Age (years)b 11 £2 (8~14) 11+£1 (8~12) 11+£1(9~12)
Weight (kg)°® 274 £7.2 (18.4~49.0) 30.0 +4.8 (18.7~43.7) 27.3+£3.5(21.9~37.2)
Height (m)" 1.31 £0.12 (1.09~1.60) 1.35+0.08 (1.15~1.52) 1.33£0.57 (1.23~1.46)

Number of male (female)

®Mean + SD (min~max)

Sample Preparation

Approximately 0.5-g hair samples with lengths 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
polyethylene bags for later sample preparation. The hair sam-
ples were washed three times with neutral detergent, rinsed
with distilled water, and dried in an oven at a temperature of
60 °C for 68 h. The hair samples were then cut into small
pieces (2—3 mm) for trace element determination [11, 23].

Sample Digestion and Analysis

Hair samples (0.1 g) were placed separately in 50 mL beakers
and digested in a mixture of concentrated HNOz and H,0,
(viv = 2:1) on a hot plate until the solution became clear.
During this process, the temperature was maintained at
100 £ 50 °C to prevent volatilizing the element. After cooling,
the samples were diluted with deionized water to 10 mL. Se
and molybdenum (Mo) concentrations in the hair were deter-
mined by inductive coupled plasma mass spectrometry (ICP-
MS) [17] (ELAN DRC-e, PerkinElmer Instrument Co,
Shelton, CT, USA). Barium (Ba), cobalt (Co), copper (Cu),
iron (Fe), manganese (Mn), strontium (Sr), and zinc (Zn) were
determined by inductive coupled plasma optical emission
spectrometry (ICP-OES) [24] (ICP-OES 5300DYV,
PerkinElmer Instrument Co, CT, USA). All reagents were of
analytical-reagent grade or better, provided by Sino-pharm
Chemical Reagent, Beijing, China. The purified water used
for all dilutions was of 18.3 M cm™" purity, obtained using a
Milli-Q (Millipore, Bedford, MA, USA) deionization system.
For quality assurance and control, blank spikes, certified ref-
erence materials (CRMs; human hair powder GBW09101b,
Shanghai Institute of Nuclear Research, Shanghai, China),
and blind duplicates were used during the analysis. The levels
of elements estimated in the CRM were found to be consistent
with the values reported in the CRM (Table 2). The recoveries
in spiked samples of the nine elements ranged from 88% to
110%, and the relative percentage differences were <10% in
duplicate samples. The limits of detection for the elements

were 0.002-0.017 pg/L, which were determined as three
times the standard deviation from seven blank solutions.

Statistical Analysis

The Kolmogorov-Smirnov test was performed to verify data
normality. As variables were not normally distributed, non-
parametric testing was used to compare differences between
groups. Linear discriminant analysis (LDA) [18] was used to
highlight variables differentiating the groups from KBD areas
and non-KBD areas. Differences were considered significant
at the level of P < 0.05. SPSS 22.0 (IBM Corp., Armonk, NY,
USA) was used to perform all statistical analyses. A location
map of the study area was made using ArcGIS 10.0 (Esri,
Redlands, CA, USA).

Results and Discussion

The results of hair trace element analysis for RQs, TMs, and
CWs are presented in Table 3, Table 4, and Table 5, respec-
tively. Presented values are arithmetic mean (AM), geometric
mean (GM), minimal, and maximal value (min and max, re-
spectively), percentiles (PS5, P50, and P95), and arithmetic
mean values for boys and girls separately (Male-AM and

Table 2 Concentration of trace elements of the certified reference
materials (GBW09101b), mg/kg

Element Reported values Measured values
Ba 9.8 -12.4 114+0.8

Co 0.138 - 0.168 0.155+0.010
Cu 31.3-359 34.0+0.8

Fe 144 - 176 161 +8

Mn 344-422 3.56+£0.15

Mo 094-1.18 1.06 = 0.02

Se 0.55-0.63 0.578 +0.027
Sr 7.48 — 8.86 7.96 £0.37

Zn 175 -207 184 +4
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Table 3  RQs (case group) hair trace element contents, mg/kg

Element AM GM Min Max SD P5 P50 P95 Male-AM Female-AM
Ba 5.95 4.62 1.13 22.44 421 1.56 5.77 13.23 4.89 6.66

Co 0.236 0.181 0.037 0.944 0.186 0.040 0.194 0.753 0.242 0.233

Cu 15.75 14.19 7.78 40.59 8.13 8.69 12.29 36.64 12.28 18.06

Fe 70.13 63.58 29.63 155.87 33.99 35.62 59.86 150.82 62.26 75.37

Mn 6.04 428 0.98 31.02 5.36 1.21 4.89 15.74 433 7.18

Mo 0.114 0.109 0.058 0.247 0.036 0.062 0.111 0.187 0.121 0.109

Se 0.218 0.211 0.115 0.299 0.051 0.122 0.221 0.289 0.228 0.211

Sr 10.56 7.36 1.29 25.66 7.61 1.99 12.07 22.25 7.06 12.89

Zn 149.62 146.35 83.28 207.51 30.06 91.21 154.98 201.81 144.54 153.01

Female-AM). The concentrations of Zn in TMs and CWs
samples and Se in samples from all three sites were normally
distributed, while the concentrations of other elements in the
different sites were not.

Comparative analysis of RQs and the two control areas was
performed and showed some similarities: hair Se levels in
children were lower in the KBD area (RQs) than those of
the two non-KBD areas (P < 0.05), and Co, Fe, Mn, Sr, and
Zn levels were higher in the KBD area than those of the other
two areas (P < 0.05). The differences in Se content in children
between the KBD area and non-KBD areas were similar to
that of the previous report of other KBD areas [14, 15, 25]. Se
deficiency in children in KBD areas remains a threat to the
prevalence of KBD. Besides Se, the fact that levels of some
other elements (Co, Fe, Mn, Sr, and Zn) in school children
were found to be different between KBD areas and non-KBD
areas illustrated that trace elements in children in KBD areas
may be in an out-of-balance status.

Trace elements with statistically different median concen-
trations were subsequently used to calculate LDA between
RQs and the other two sites, to evaluate which variables con-
tribute to differentiation of the groups and to better interpret
trace element levels in hair of children in KBD areas and non-

Table 4 TMs (control group) hair trace element contents, mg/kg

KBD areas on both sides of the Yarlung Zangbo River (Fig. 2
and Fig. 3). Between RQs and TMs, Se and Zn contributed
most to the separation, and between RQs and CWs, Se, Zn,
and Mo contributed most to the separation.

As an essential constituent of selenoproteins such as gluta-
thione peroxidase (GPX), Se is known as an antioxidant [26].
In cases of Se deficiency, some types of damage similar to
KBD would appear to be due to increased peroxidase levels
in cartilage. To control the prevalence of KBD, a pilot project
of selenium-iodine salt supplementation was adopted in KBD
areas including Renqingze village in Xietongmen County
from 2001 to 2003, and children’s hair Se levels improved
from 0.074 mg/kg in 2001 to 0.256 mg/kg in 2003 [27].
Since then, no directly Se salt supplementation has been
adopted in Renqingze village, the mean hair Se level of school
children is rising to 0.218 mg/kg in KBD areas in Renginze
today, which may profit from the outsourced grains (rice and
flour purchasing wheat flour from other provinces of China)
substituting the local staple grain (tsampa, made of highland
barley grains) and the diet improving with the enforcement of
the free education policy and nutrition improvement plan in
Tibet. Merely, the hair Se levels in school children in KBD
area is still lower than those in the non-KBD areas in Shigatse.

Element AM GM Min Max SD P5 P50 P95 Male-AM Female-AM
Ba 3.87 3.01 1.09 12.38 3.06 1.16 2.64 11.82 2.07 532

Co 0.161 0.102 0.011 1.007 0.182 0.012 0.101 0.584 0.086 0.222

Cu 12.05 11.63 7.70 20.83 348 8.35 10.94 19.85 10.84 13.01

Fe 53.35 48.19 23.17 157.33 28.17 26.39 43.45 137.51 50.13 55.94

Mn 3.83 2.87 0.53 13.99 3.05 0.72 333 10.98 247 4.92

Mo 0.148 0.133 0.050 0.347 0.072 0.058 0.123 0315 0.134 0.160

Se 0.331 0.323 0.177 0.509 0.068 0.197 0.338 0.439 0.343 0.321

Sr 5.52 3.01 0.20 22.61 6.18 0.72 2.09 19.85 1.70 8.58

Zn 121.89 114.65 37.02 188.19 38.72 51.07 130.37 180.46 118.95 124.25
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Table 5 CWs (control group) hair trace element contents, mg/kg

Element AM GM Min Max SD P5 P50 P95 Male-AM Female-AM
Ba 4.48 3.63 0.96 10.57 2.82 1.33 3.89 9.45 2.09 6.86

Co 0.164 0.092 0.001 0.877 0.173 0.005 0.102 0.468 0.061 0.268

Cu 13.24 12.44 8.27 33.63 5.55 8.33 11.44 28.42 10.29 16.18

Fe 51.39 46.31 22.96 167.59 27.54 23.98 44.11 110.47 44.41 58.39

Mn 3.95 2.44 0.04 11.71 3.00 0.19 3.46 10.38 1.98 5.93

Mo 0.068 0.059 0.023 0.124 0.027 0.029 0.056 0.117 0.056 0.064

Se 0.308 0.290 0.135 0.519 0.104 0.153 0.306 0.506 0.359 0.257

Sr 8.29 4.68 0.17 28.08 741 0.40 5.68 23.23 1.93 14.66

Zn 134.79 130.91 50.79 219.09 31.10 86.69 137.93 178.82 123.95 145.64

Trace elements in the human body mainly come from the
daily diet. However, the dietary structure of residents at home
in Tibet is simple; grain, mainly barley, accounted for 75.6%,
and other food, such as meat, eggs, and dairy products, made
up only 22% [28]. The Se content in tsampa, which is made
from local barley, was only 0.003 mg/kg and 0.007 mg/kg,
respectively, in KBD areas and non-KBD areas [29], and the
Se content of rice and wheat flour from other provinces in
China was about 0.036 mg/kg and 0.029 mg/kg [30].
Although children consume moderate amounts of Se from rice
and wheat flour, which is purchased from other provinces at
boarding schools, the children’s diet at home is still dominated
by local foods with low Se contents, especially in KBD areas.
According to the threshold of children’s hair Se values classi-
fied by past research efforts into Se nutrition in China [31],
children whose hair Se level is lower than 0.20 mg/kg are
deemed Se deficient. In this study, 38.2% of children in RQs
were Se deficient in KBD areas, compared to 12.7% in non-
KBD areas. Low levels of Se in the local environment are still
a limiting factor for Se nutrition levels in children, and much
more Se-rich food, such as fish, meat, eggs, and nuts, need to

be taken in the diet when children were at home during
holidays.

Besides Se, the higher Zn level in children in KBD area
also requires some attention. Zn is an essential element for
humans, involved in the activity of about 100 enzymes, in-
cluding RNA polymerase and carbonic anhydrase, and has
important functions in growth and development of adoles-
cents [32]. Deficiency or excess in children would both be
harmful to health. However, the relationship between Zn and
KBD is still controversial. Some reports have shown altered
levels in people with KBD, while some show no difference
between patients with KBD and healthy people. Although the
possibility of higher Zn levels in children influencing occur-
rence of KBD is unclear, the phenomenon of higher Zn levels
in KBD areas needs to be investigated during future study in
Tibet.

Mo is also an essential trace element for humans and is a
component of many enzymes, such as sulfite oxidase and
xanthine oxidase [33]. Although there are some studies show-
ing that Mo content in the environment was much lower in
some KBD areas than non-KBD areas [34, 35], Hou reported

20— 20—
RQS TMs

[02] )]
S 15 ‘5 15 ]
e - "&‘ o |
o >
2 3
3 2
O 10+ g 10 ~
o] o]
:

0—— | | I 0— T | e~

-4 -2 0 2 4 -4 -2 0 2 4

Fig. 2 LDA of results of RQs (case group) and TMs (control group on the north side of Yarlung Zangbo River). The D function denotes the unique
(partial) contribution of each variable to the discriminant function. D = Se(0.934) + Zn(—0.485). The efficiency of separation was 90.2%
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Fig. 3 LDA of results of RQs (case group) and CWs (control group in
the south side of Yarlung Zangbo River). The D function denotes the
unique (partial) contribution of each variable to the discriminant

that they found no correlation between Mo and KBD [36]. In
this study, hair Mo levels in children from the non-KBD CWs
on the south side was lower than those of children from TMs
and RQs on the north side of the river, which supports the
likelihood that Mo is not an important influencing factor for
KBD. The difference in Mo levels between the two sides of
the river may be caused by different environments, since the
north side originates in the Gangdese-Nyaingentanglha hills
while the south side is in the Himalayan mountain range area
[37]. In other words, Mo differences are merely due to the
different environments on either side of the Yarlung Zangbo
River and have no correction with KBD.

In addition, considering the phenomenon of different dis-
ease distributions between the two sides of the Yarlung
Zangbo River, it may be in part due to the different levels of
trace elements in the environment. Beyond that, geographical
factors such as climate, topography, and geomorphology
could also affect the spatial KBD distribution [38, 39], and
the reason for the difference in KBD distribution between the
two sides of the Yarlung Zangbo River requires much more
comprehensive studies.

Gender differences in each group were also assessed. For
each site, higher Ba, Co, Cu, Fe, Mn, and Sr levels were found
in girls than boys. In boys, higher levels of Se were measured
for each site, whereas Mo levels were significantly higher in
boys than girls in RQs and CWs. Meanwhile, for all the chil-
dren, no obvious relationships between trace element levels
and age or body mass index were found (calculations not
shown).

The tendency of gender-related differences of Se levels
corroborated reports from some KBD areas and non-KBD
areas in Lhasa, Sichuan, and Qinghai [17, 40, 41]. In non-
KBD areas of China and Sri Lanka, higher Se in males than
females was also found [19, 42]. The similar results in New
Zealand and Slovakia also found that serum Se concentration
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function. D = Se(0.918) + Zn(—0.755) + Mo(0.407). The efficiency of
separation was 91.3%

was higher in boys than in girls [43, 44]. For other elements,
Co, Fe, Mn, and Sr were reported to have the same tendency in
the normal areas [45, 46], and Saranga et al. showed the same
tendency for higher Ba, Co, Cu, Fe, Mn, and Sr levels in
females than in males [42]. However, in KBD areas, the rele-
vant data was absent. Different food consumption habits and
amount of exercise between boys and girls may be possible
reasons [19].

Conclusion

The present study has demonstrated that Se status of children
is obviously lower in KBD areas than in non-KBD areas in
Shigatse, Tibet. Furthermore, levels of other trace elements,
such as Co, Fe, Mn, Mo, Sr, and Zn, were found to be signif-
icantly different between school children in KBD endemic
areas and non-KBD areas. In LDA analysis, only Se and Zn
were discovered to be closely related to KBD. In Tibet, Se
deficiency remains a threat to the children in KBD areas.
Meanwhile, higher Zn levels in children, and their relationship
to KBD, need further investigation. Moreover, there are still
some limitations, such as lack of investigation of the daily
dietary food consumption by children at school and home,
and the correspondence between hair element status and die-
tary trace element intake at home and school will be further
studied in Tibet.
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