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Abstract
Objectives: Few spatial studies on Keshan disease (KD) prevalence and serum selenoprotein P (SELENOP) levels have been reported in the Heilongjiang 
Province, China. This study aimed to investigate the spatial relationships between KD prevalence, SELENOP levels, and the socio-economic status for the pre-
cise prevention and control of KD. Material and Methods: The study was carried out in all the 66 KD endemic counties in the Heilongjiang Province using 
a non-probability sampling method of a key village survey based on county-wide case-searching. The participants completed a questionnaire and had their 
serum SELENOP levels measured using enzyme-linked immunosorbent assay. Thematic maps were created, and spatial regression analysis was performed 
by ordinary least squares using ArcGIS 9.0. Results: Overall, 53 676 residents were surveyed based on case-searching, and blood samples were collected from 
409 residents. In total, 50 chronic KD cases were identified with a total prevalence of 9.3/10 000 population. The prevalence in the Tangyuan County was 
the highest (250/10 000 population). The mean serum SELENOP level was 13.96 mg/l. The spatial regression analysis showed that KD prevalence positively 
correlated with SELENOP levels and negatively with per capita disposable income among rural residents. Conclusions: The Tangyuan County should be con-
sidered for the precise prevention and control of KD. Further research is necessary to verify the reliability of SELENOP for estimating body selenium levels, 
and to better understand the relationship between selenium intake and KD in the investigated area. Int J Occup Med Environ Health. 2021;34(5):659 – 66
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pling method of a key village survey based on county-wide 
case-searching according to the Implementation Proj-
ect for Prevention and Control of Endemic Disease [16]. 
The method was similar to that described by Li [17]. First, 
case-searching was conducted by reviewing medical re-
cords in all county-, township-, and village-level medical 
institutions within the 66 counties. Second, the 2 townships 
with the greatest number of KD cases were selected from 
each county. Third, 1 village with the greatest number of 
KD cases was selected from each township as a key survey 
site. All permanent residents within the survey site under-
went medical examinations, and completed questionnaires. 
The reported KD cases confirmed or suspected by village 
doctors were identified using a combination of the medical 
history, clinical characteristics, and epidemiological data 
based on the Criteria for Diagnosis of Keshan Disease [1] at 
the township or county hospitals. The study was approved 
by the Ethical Committee Review Board of Harbin Medical 
University (hrbmuecdc20200302, hrbmuecdc20180301).

Survey areas
All the 66 endemic counties, including Acheng, Aihui, 
Anda, Bayan, Baiquan, Baoqing, Beian, Bin, Boli, Didao, 
Dongning, Dongshan, Duerbote, Fangzheng, Fujin, 
Fuyu, Gannan, Hailin, Hailun, Huma, Hulin, Huachuan, 
Huanan, Jidong, Jixian, Jiayin, Jiaoqu, Kedong, Keshan, 
Lanxi, Lindian, Linkou, Lingdong, Longjiang, Mashan, 
Meilisi, Mishan, Mingshui, Mulan, Muling, Nehe, Nenji-
ang, Ning’an, Qiezihe, Qinggang, Qing’an, Raohe, Saertu, 
Shangzhi, Sifangtai, Suibin, Suifenhe, Suiling, Sunwu, 
Tahe, Tangyuan, Taoshan, Tieli, Tonghe, Wuchang, Wu-
dalianchi, Xunke, Yanshou, Yi’an, Yilan, and Zhaodong, 
were surveyed in the Heilongjiang Province.

Population surveyed
In the selected KD endemic areas, all permanent residents, 
defined as those who lived in their residence for ≥6 months 
every year, were asked to participate. The inclusion crite-

INTRODUCTION
Keshan disease (KD), an endemic cardiomyopathy char-
acterized primarily by myocardial injuries, was first re-
ported in the Keshan County, the Heilongjiang Prov-
ince, China [1–3]. The Heilongjiang Province where KD 
was the most prevalent in the 1950s through 1960s has 
66 KD endemic counties, accounting for 20% of the total 
KD endemic counties in China [4,5]. Since late 1970s, both 
the incidence and prevalence of KD have declined, and 
the disease has been well controlled [6,7].
Many observational and experimental studies have shown 
that selenium deficiency is a cause of KD based on causa-
tion of modern epidemiology [8–11]. Selenium plays a bi-
ological role in the form of selenoproteins in the human 
body, of which the selenium content bound by selenopro-
tein P (SELENOP) is the highest, reflecting the best se-
lenium nutrition of the human body [12,13]. Not only is 
serum SELENOP considered the best measure of seleni-
um containing proteins, but it can also be used to evaluate 
the effectiveness of KD prevention and control measures. 
Because of the endemicity of KD, spatial epidemiology 
may provide some useful prevention and control strate-
gies by elucidating spatial characteristics and identifying 
the clustering of KD [14]. Although the authors’ team had 
previously carried out a spatial description and analysis of 
the serum SELENOP levels in residents living in rural and 
urban areas in the KD endemic and non-endemic provinces 
in mainland China, KD prevalence and serum SELENOP 
levels were not closely examined at the county level [15]. 
Therefore, this study aimed to understand and visualize 
the current prevalence of KD and its influencing factors 
to provide evidence for the precise prevention and control 
of KD at the county level in the Heilongjiang Province.

MATERIAL AND METHODS
Study design
The study was carried out in all 66 KD endemic counties 
in the Heilongjiang Province using a non-probability sam-
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income were conducted by creating thematic maps and or-
dinary least squares using ArcGIS v. 9.0 (Esri, Redlands, 
CA, USA).

RESULTS
Prevalence rate of KD
In the study, 53 676 study participants were investigated 
from among the permanent residents of the selected en-
demic areas. In total, 50 chronic KD cases were detected 
with a prevalence rate of 9.3/10 000 population (50/53 676). 
The cases of chronic KD were distributed among 8 counties 
including Shangzhi, Fuyu, Mishan, Lindian, Huanan, Tieli, 
Tangyuan, and Wudalianchi. Among the counties, the prev-
alence rate in the Tangyuan County (250/10 000 popula-
tion) was the highest while the lowest prevalence rate was 
recorded in the Shangzhi County (12.2/10 000 population). 
The spatial distribution of the KD prevalence rate is shown 
in Figure 1.

Mean serum SELENOP levels
A total of 409 participants, including 120 (29.3%) men and 
289 (70.7%) women, were included in this survey. The aver-
age age of the subjects was 22 years, including 151 (36.9%) 
people aged <20 years, 192 (46.9%) aged 20–24 years, 
and 66 (16.1%) aged >24 years. The mean serum SELE-
NOP level was similar in men (13.9 mg/l, 95% confidence 
interval [CI]: 12.7–15.1) and women (14.0 mg/l, 95% CI: 
13.1–14.8). The mean serum SELENOP level of the people 
living in the endemic areas was 13.96 mg/l. The mean serum 
SELENOP level of the residents of the Meilisi County was 
the lowest (5.6 mg/l) while that of the residents of the Qiezi-
he County was the highest (27.3 mg/l). In 34 KD endemic 
counties, including Acheng, Aihui, Baiquan, Binxian, Boli, 
Didao, Dongshan, Fangzheng, Gannan, Hailin, Hailun, 
Hulin, Huachuan, Jixian, Jiayin, Keshan, Lindian, Linkou, 
Meilisi, Muling, Nehe Nenjiang, Ning’an, Qing’an, Raohe, 
Shangzhi, Suibin, Suifenhe, Taoshan, Tonghe, Wuchang, 
Xunke, Yanshou, and Yian, the mean serum SELENOP 

ria for the participants with serum SELENOP measured 
were as follows: age 17–30 years, ability to converse with 
researchers, volunteering to join the study, and willingness 
to provide written informed consent.

Questionnaire
The following basic epidemiological data were obtained 
from a pre-designed questionnaire, which included ques-
tions on gender, age, a history of KD, and address.

Criteria
The suspected cases of KD were diagnosed according to 
the Criteria for Diagnosis of Keshan Disease (WS/T 210-
2011) [1]. The evaluation of disease prevention and con-
trol was based on factors included in the Delimitation and 
Classification of Keshan Disease Areas (GB 17020-2010) 
and the Evaluation of Key Endemic Disease Control and 
Elimination (2019) criteria [18,19].

Serum SELENOP
From each of the 409 subjects, a sample of 2 ml of 
venous blood was collected after they had fasted for 8 h. 
The serum was separated and stored in a refrigerator at 
–80°C for analysis. The serum SELENOP was measured 
using enzyme-linked immunosorbent assay kits (Shang-
hai Enzyme-Linked Biotechnology Co., Ltd, Shanghai, 
China) according to the manufacturer’s instructions.

Per capita disposable income
Data on per capita disposable income were collected 
through the Heilongjiang Statistical Yearbook [20].

Statistical analyses
Data input was conducted using Epi Info v. 3.5.1 (Cen-
ters for Disease Control, Atlanta, GA, USA). Statistical 
analyses were performed using SPSS v. 17.0 (IBM Corp, 
Armonk, NY, USA). The spatial descriptions and regres-
sion analyses of KD, SELENOP, and per capita disposable 
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and per capita disposable income among rural residents as 
independent variables. The results are shown in Table 1. 
The independent variables were entered into the spatial 
regression model. The model residuals were tested using 
spatial autocorrelation analysis revealing that they were 
independent and had no spatial autocorrelation. The es-
tablished ordinary least squares model was significant. 
The prevalence of KD positively correlated with the level 
of SELENOP and negatively with per capita disposable 
income among rural residents.

DISCUSSION
As KD is not a notifiable disease, its incidence or prev-
alence in the affected population can only be estimated 
through active surveillance. This case-searching method 
used in endemic counties is equivalent to a survey of 
the whole population when all the endemic counties are 
covered. At the same time, the authors found villages most 

levels were lower than the average value of 13.96 mg/l, ac-
counting for 51.5% (34/66) of all the endemic counties sur-
veyed. The spatial distribution of the mean serum SELE-
NOP levels in KD endemic areas is shown in Figure 2.

Per capita disposable income
The spatial distribution of per capita disposable income 
among rural residents of the KD endemic areas is shown in 
Figure 3. The average per capita disposable income of rural 
residents in the Heilongjiang Province was CNY 10 453. 
The per capita disposable income of rural residents in 
the Tangyuan County was the lowest (3427 yuan) and that 
of rural residents in the Dongning County was the highest 
(18 090 yuan).

Spatial regression analysis
A spatial regression model was established with KD prev-
alence as the dependent variable, and the SELENOP level 
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Figure 2. Spatial distribution of the mean serum selenoprotein P 
(SELENOP) levels in Keshan disease (KD) endemic counties 
in the Heilongjiang Province, China, in 2015–2016
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Figure 1. Spatial distribution of the Keshan disease (KD) 
prevalence rate in KD endemic counties  
in the Heilongjiang Province, China, in 2015–2016
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though the prevention and control measures for KD have 
achieved some success, the etiologic factors in some en-
demic areas may be still active. Therefore, it is necessary 
to continue the prevention and control of KD.
The disease in question is an endemic cardiomyopathy, 
and its etiology is not fully understood. Since 1935, vari-
ous etiological hypotheses have been proposed including 
the mycotoxin hypothesis, the selenium deficiency theory, 

affected by KD by combining methodologies for disease 
investigation in key populations. They focused on inves-
tigating the cofactors of the disease, as well as on moni-
toring and evaluating the prevention and control of KD 
in a holistic way [21]. This combined method has the ad-
vantages of timeliness, simplicity, flexibility, and improved 
data quality [22,23].
The survey sites covered 100% (66/66) of the KD endemic 
counties in the Heilongjiang Province. Therefore, the re-
sults are most likely to reflect the highest prevalence of 
KD and to indicate where further preventative measures 
need to be taken. As seen in Figure 1, 50 chronic KD cases 
were identified in only 8 counties, indicating that KD is 
well controlled. The highest KD prevalence was found 
in the Tangyuan County; thus, this should be the target-
ed area for KD prevention and control. The prevalence 
of KD in the Shangzhi County, historically considered 
a highly-affected area, was relatively low. Only the Shang-
zhi County, of the 8 counties with chronic cases, achieved 
the control goal but did not achieve the elimination goal 
according to the Content and Criteria of Keshan Disease 
Control and Elimination Assessment in the 2019 Key 
Endemic Disease Control and Elimination Assessment 
Method.
Compared with the prevalence of KD in Jilin, Liaon-
ing, Shandong, Gansu, Inner Mongolia, Shaanxi, Shanxi, 
Hebei, and Henan, the prevalence of KD in the Heilongji-
ang Province was lower [24]. These results suggest that, 

Chronic KD 
prevalance rate (per 10 000)

12.0–25.0
25.1–56.0
56.1–88.0
88.1–250.0

N
0 100 200 km

Per capita 
income

CNY 3.427–5.992
CNY 8.072–10.928
CNY 5.993–8.071
CNY 10.983–12.826
CNY 12.827–18.090

Figure 3. Spatial distribution of per capita disposable income 
among rural residents of Keshan disease (KD) endemic 
counties in the Heilongjiang Province, China, in 2015–2016

Table 1. Spatial regression analysis of the Keshan disease (KD) prevalence rate in KD endemic counties in the Heilongjiang Province, 
China, in 2015–2016

Variable Regression 
coefficient SD t p VIF

β0 0.177 1.34 0.13 0.90 –
SELENOP 11.210 0.86 13.08 <0.001 5.08
Per capita disposable income –0.010 0.001 –7.58 <0.001 5.08

SELENOP – selenoprotein P; VIF – variance inflation factor.
R2 = 0.67, Radj

2 = 0.66, F = 129.12, p < 0.01.
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tic interventions aimed at the prevention and control of 
KD through economic development.
Serum SELENOP is probably the biomarker that best rep-
resents selenium nutrition levels in the human body. It is 
undoubtedly of great significance to scientifically provide 
precise visual evidence to supplement molecular-level in-
formation on the KD etiology of selenium deficiency, and 
to provide evidence of the effectiveness of prevention and 
control measures. The results are valuable for KD pre-
vention and control in terms of selenoprotein nutrition. 
This research translates the advances of selenoproteins 
and spatial epidemiology into KD prevention and con-
trol. In addition, its results can be used as evidence for 
the selenium nutritional level of residents in the different 
counties of the Heilongjiang Province. Some limitations of 
this study include the small numbers of participants who 
had their serum SELENOP assessed, the low proportion 
of residents living in some of the KD endemic areas, and 
the lack of selenium measurements to verify SELENOP 
data. An additional selenium biomarker measure would 
be helpful to improve the quality of collected data. Further 
molecular-level investigations to understand the value 
of different selenium biomarkers are warranted [32,33]. 
The authors wish to further explore the relationship be-
tween plasma or serum selenium, hair selenium, and 
SELENOP levels.

CONCLUSIONS
The Tangyuan County should be considered for the precise 
prevention and control of KD. Further research is neces-
sary to verify the reliability of SELENOP for estimating 
body selenium levels, and to better understand the rela-
tionship between selenium intake and KD in the investi-
gated area.
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and the virus theory. Among these, selenium deficiency is 
the best-supported theory. Assessing the association be-
tween KD and selenium deficiency is based on the prin-
ciples of a causal inference of modern epidemiology.
As seen in Figure 2, the mean serum SELENOP levels 
among residents of 34 endemic counties, accounting for 
51.5% (34/66) of the surveyed endemic counties, were 
lower than those in all endemic counties; these should be 
the key counties for KD prevention and control. As pre-
sented in Table 1, the spatial regression analysis showed 
that the prevalence of KD positively correlated with 
the level of serum SELENOP. Although the strong associ-
ation of KD with selenium deficiency has been widely rec-
ognized, epidemiological studies on selenium risk doses 
in the development of KD remain poorly understood. 
Previous reports on the relationship between selenium 
and other indicators of human nutritional status and KD 
were inconsistent, especially the results of the cross-sec-
tional studies. This study is also consistent with cardio-
vascular disease studies that have reported adverse ef-
fects [25–27].
The spatial regression analysis showed that the preva-
lence of KD negatively correlated with the level of per 
capita disposable income. The KD endemic areas are all 
rural areas, which are remote and mountainous, with 
inconvenient transportation and underdeveloped econ-
omy [28–30]. The diet of residents living in KD endemic 
areas was mainly affected by locally grown grains [3,31]. 
With economic development, a large proportion of 
grains with higher nutrient value has been imported; 
thus, with the resultant improvement in diet, selenium 
deficiency has remarkably decreased, and the preva-
lence of KD has declined. Therefore, rapid economic de-
velopments and substantial improvements in the living 
standards of residents have led to a decline in KD 
prevalence. The level of per capita disposable income 
in the Tangyuan County is the lowest in the province; 
thus, the Tangyuan County should be the focus of holis-
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