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ABSTRACT. The aim of this study was to identify the factors 
related to and determine the prevalence of Parkinson’s disease 
(PD) among Uygur residents in Hetian Prefecture, Xinjiang Uygur 
Autonomous Region. This population-based prospective cohort study 
used structured questionnaires to screen for factors related to PD. 
The prevalence in different age groups was analyzed, and PD risk 
was assessed using univariate and multivariate conditional logistic 
regression analysis. In total, 5932 subjects participated in the survey; 
of these, 88 individuals, all of whom were Uygurs, had PD. The 
overall prevalence of PD was 1.48% (1.32%) in people over the age of 
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45; the prevalence was 1.68% (1.59%) in men and 1.28% (1.36%) in 
women. The Fifth Population Census in China found the prevalence 
of PD in Hetian, Xinjiang, to be 1.32%. Single-factor results showed 
that exercise, social activities, and frequent consumption of nuts are 
protective factors for PD, and long-term pesticide exposure, family 
history of PD, and consumption of barbecued food were risk factors 
for this condition. Multi-factor conditional logistic regression analysis 
showed that participation in sports and social activities can reduce the 
risk of PD, whereas long-term pesticide exposure and family history 
of PD increases this risk. These results show that PD is caused by the 
interaction of several factors.
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INTRODUCTION

Parkinson’s disease (PD) is a chronic neurodegenerative disorder affecting older in-
dividuals. Its pooled prevalence and incidence were reported to be 2 per 100,000 people and 
797 per 100,000 person-years (Ma et al., 2014). The progression of this disease is insidious. 
It is clinically characterized by static tremor, hypokinesia, muscle rigidity, and abnormal gait 
and posture (Schapira, 2006; Ma et al., 2014). To date, the etiology of PD is unknown; it may 
be related to several factors such as age, environmental factors, genetic factors, and oxidative 
stress (Zhang et al., 2000). The prevalence of PD varies by geographic location and ethnicity 
(Gordon et al., 2013), and it has never been studied in the Hetian region located in the south 
of Xinjiang, China. This region has a continental arid climate (with long daylight hours, little 
rain, high temperatures, and dry climate throughout the year). This study was a large-scale epi-
demiological investigation in which we aimed to identify the factors related to and determine 
the prevalence of PD in Hetian, Xinjiang Uygur Autonomous Region, which has a unique 
geographical environment.

SUBJECTS AND METHODS

Subjects

Using a hierarchical random cluster sampling method, we randomly sampled popula-
tion clusters from the Hetian, Yutian, Moyu, and Luopu, Cele, Mingfeng, Pishan counties in 
the Hetian Prefecture from November to December 2010. We extracted a sample size within 
the corresponding township number (town) for two-sample clusters; in each of the two-sample 
clusters, registered households (≥10 years) with Uygur resident villagers aged ≥45 years were 
selected yielding a total of 5932 cases. This population met Brainbank diagnosis of Parkin-
son’s disease (Hughes et al., 1992). After mutual consultations, 88 individuals were enrolled 
in the case group and 88 (1:1) individuals were randomly selected for the control group; the 
control group was matched for gender, nationality, and age (difference less than 2 years), and 
no subject in this group had PD or any other extrapyramidal disease.
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Methods

A questionnaire about the factors related to PD was designed considering the causes 
and possible factors of PD, which were previously identified. After repeated testing and 
modification by a panel of experts, the epidemiological survey was performed by medical 
professionals and postgraduates who were trained together. Prior to the start of the survey, the 
researchers introduced the survey contents to the participants, and written informed consents 
were obtained. The items of the questionnaire included: age, gender, nationality, education 
level, profession, years of education, smoking, drinking, exercise, social activities, height and 
weight, history of pesticide exposure, history of head injury, family history of PD, and con-
sumption of water, tea, nuts, potatoes, and barbecued food. The following criteria were used 
for classification: 1) years of education: <9 years of compulsory education was classified as 
low education and 9 or more years of compulsory education as high education; 2) pesticide 
exposure: exposure for 1-2 months each year for more than 5 consecutive years was consider 
positive; 3) exercise: performance of activities such as walking, climbing, cycling, all kinds 
of ball games, and such general sports less than once a week was considered as “low” and 
more than once a week as “high”; 4) social activities: performance of general social activities 
such as dancing, chatting, and playing chess less than once a week was considered as “low”, 
and more than once a week as “high”; 4) body mass index [BMI; calculated as weight (kg)/
height2 (m2)]: the BMI was divided into four levels (Zhou, 2006): low-weight BMI (<18.5 
kg/m2), normal BMI (18.5-23.9 kg/m2), overweight BMI (24.0-27.9 kg/m2), and obesity BMI 
(≥28.0 kg/m2); 5) family history of PD was established if immediate relatives within the last 
three generations had had this disease; 6) tea drinking: drinking at least 1 cup every day, with 
at least 100 mL per cup, was considered positive else it was considered as low consumption; 
7) consumption of nuts: eating at least 50 g each time <2 times/week was defined as low 
consumption and ≥2 times/week was defined as high consumption; 8) consumption of pota-
toes: eating at least 50 g each time <2 times/week was defined as low consumption and 2 or 
more times per week was defined as high consumption; 9) consumption of barbecued food: 
eating ≤1 time/week was defined as low consumption and >1 time/week was defined as high 
consumption.

Statistical analysis

Two researchers used EpiData 3.1 to input data independently and analyzed the preva-
lence of PD among different age groups (45-100 ages) in Hetian, Xinjiang Uygur Autonomous 
Region. Statistical Package for the Social Sciences (SPSS) 19.0 was used for single-factor 
and multi-factor conditional logistic regression analysis to compute the maximum likelihood 
estimator of odds ratio (OR), 95% confidence interval (95%CI), and P values. P < 0.05 was 
considered to be statistically significant.

RESULTS

Prevalence of PD and general characteristics in the study population

For the 5932 people enrolled in the survey, the average age was 57.80 ± 10.02 years, 
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and the respondents consisted of 3034 men (51.15%) and 2898 women (48.85%). The age 
distribution and prevalence of PD is shown in Table 1. From the epidemiological survey, we 
found that 88 patients had PD. We included 88 subjects in the control group by recruiting in a 
1:1 manner from the local population. There were 51 men (57.95%) and 37 women (42.05%) 
in both the groups. The average age was 64.76 ± 11.471 years (range: 45-95 years) in the PD 
group and 64.81 ± 11.01 years (range: 45-93 years) in the control group.

Age (y)		                         Male			                        Female			                         Total

	 Survey	 PD	 Prevalence 	 Survey	 PD	 Prevalence	 Survey	 PD	 Prevalence
	 number	 cases	 [standard prevalence (%)]	 number	 cases	 [standard prevalence (%)]	 number	 cases	 [standard prevalence (%)]

45-	   894	   5	 0.56 (0.19)	 1118	   6	   0.54 (0.18)	 2012	 11	 0.55 (0.25)
55-	 1033	 16	 1.55 (0.51)	   930	 11	   1.18 (0.39)	 1963	 27	 1.38 (0.37)
65-	   792	 20	 2.53 (0.62)	   655	 13	   1.98 (0.48)	 1447	 33	 2.28 (0.42)
75-	   252	   8	 3.17 (0.22)	   166	   5	   3.01 (0.21)	   418	 13	 3.11 (0.23)
85-	     49	   2	 4.08 (0.05)	     19	   1	   5.26 (0.06)	     68	   3	 4.41 (0.05)
95-100	     14	   0	 0.00 (0.00)	     10	   1	 10.00 (0.04)	     24	   1	 4.17 (0.00)
Sum	 3034	 51	 1.68 (1.59)	 2898	 37	   1.28 (1.36)	 5932	 88	 1.48 (1.32)

Table 1. Age distribution and prevalence of PD among all age groups.

Analysis of factors related to PD

Exercise, social activities, and frequent consumption of nuts were protective factors 
for PD (P < 0.05), while pesticide exposure, family history of PD, and frequent consumption 
of barbecued foods were risk factors (P < 0.05; Table 2). Multi-factor conditional logistic re-
gression analysis showed that exercise and social activity are associated with a reduced risk 
for PD, and pesticide exposure and PD family history of PD can increase the risk of PD onset. 
Consumption of barbecued food and nuts showed no obvious correlation with PD incidence 
(Table 3).

DISCUSSION

Prevalence of PD

Due to the social and economic development, life and health quality have improved. 
With the increase in aging population worldwide, the prevalence of PD is increasing every 
year. In the US, the prevalence of PD is about 0.03% in the entire population (McNaught and 
Olanow, 2006), 0.1-0.2% in individuals aged 65 or more, and 0.4-0.5% among individuals 
aged >85 years (Rao et al., 2006). Zhang et al. (2005) reported the PD prevalence to be 1.07% 
(95%CI = 0.96-1.19%) in the population of >55-year olds in China and 1.67% (95%CI = 1.49-
1.87%) in individual aged ≥65 years. We standardized our study population according to the 
1999 Chinese population age distribution. The nationwide number of >55-year-old patients 
having PD was about 1.72 million (Zhang et al., 2005).

The present study found that the total prevalence of PD in Hetian was 1.48%, while 
the prevalence among individuals aged 45-54, 55-64, 65-74, 75-84, 85-94, and >95 years were 
0.55, 1.38, 2.28, 3.11, 4.41, and 4.17%, respectively. In >55- and >65-year-old people, PD 
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Variable	 Regression coefficient	 SE	 χ2	 P	 OR	 95%CI

Exercise and social activity*	 -1.60	 0.44	 13.60	 0.00	 0.20	 0.09-0.47
Pesticides*	  1.05	 0.37	   7.87	 0.01	 2.85	 1.37-5.91
PD family history*	  1.83	 0.80	   5.21	 0.02	 6.21	   1.30-29.80
Barbecue	 -0.17	 0.28	   0.39	 0.53	 0.84	 0.49-1.44
Nut	 -0.71	 0.44	   2.63	 0.11	 0.49	 0.21-1.16

*P < 0.05.

Table 3. Results of multi-factor conditional logistic regression analysis of variables associated with PD.

prevalence was 1.96% (77/3920) and 2.56% (50/1957), respectively. In Hetian, PD prevalence 
in Uyghurs aged >55 years was 1.98% and in those aged >65 years, it was 2.60%. PD preva-
lence among Uyghur residents in the area increased with age; this finding agrees with most of 
the research conducted in China as well as abroad. The high prevalence of PD in the area may 

Factors	                      PD group (N = 88)	          Control group (N = 88)	 χ2	 P	 OR	 95%CI

	 Cases	 %	 Cases	 %

Profession					       0.36	 0.95
   Peasant	 73	 82.95	 72	 81.82		
   Worker	   7	   7.95	   8	   9.09		
   Civil servant	   5	   5.68	   4	   4.55		
   Unit	   3	   3.41	   4	   4.55		
Civil servant					       2.10	 0.15
   Civil servant	 77	 87.50	 82	 93.18		
   Higher education	 11	 12.50	   6	   6.82		
Exercise, social activity*					     17.59	 0.00
   <1/week	 53	 60.23	 20	 22.73		
   ≥1/week	 35	 39.77	 68	 77.27			   0.21	 0.10-0.44
History of head injury					       0.78	 0.38
   No	 84	 95.45	 87	 98.86		
   Yes	   4	   4.55	   1	   1.14		
Pesticide exposure history*					     14.56	 0.00
   No	 20	 22.73	 51	 57.95		
   Yes	 68	 77.27	 37	 42.05			   3.21	 1.76-5.85
Drinking water 					       3.29	 0.19
   Tap water	 36	 40.91	 30	 34.09		
   River water	 15	 17.05	 11	 12.50		
   Well water	 37	 42.05	 47	 53.41		
Classification of BMI					       7.22	 0.07
   Underweight	   3	   3.41	   6	   6.82		
   Normal	 51	 57.95	 39	 44.32		
   Overweight	 27	 30.68	 26	 29.55		
   Fat	   7	   7.95	 17	 19.32		
PD family history*					       3.98	 0.04
   No	 76	 86.36	 84	 95.45		
   Yes	 12	 13.64	   4	   4.55			   3.67	   1.02-13.14
Drinking tea 					       1.74	 0.19
   No	 13	 14.77	   7	   7.95		
   Yes	 75	 85.23	 81	 92.05		
Nut*					       6.03	 0.01
   <2/week	 49	 55.68	 33	 37.5		
   ≥2/week	 39	 44.32	 55	 62.5			   0.43	 0.22-0.84
Potato					       0.44	 0.51
   <2/week	 34	 38.64	 38	 43.18		
   ≥2/week	 54	 61.36	 50	 56.82		
Barbecue*					       4.80	 0.03
   ≤1/week	 60	 68.18	 71	 80.68		
   ＞1/week	 28	 31.82	 16	 18.18			   2.50	 1.10-5.68

Table 2. Results of single-factor conditional logistic regression analysis.

*P < 0.05.
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be related to the high average lifespan in the region, the increased elderly population compared 
to other regions, nationality, regional environment, living customs, and other factors.

PD-related factors

Numerous studies have found that age is closely related to PD incidence (Collier et 
al., 2007). Other factors, such as exposure to pesticides and heavy metals, drinking well water, 
occupation, educational level, gender, smoking history, physical exercise, are related to the 
development of PD (Collier et al., 2007; Pallone, 2007).

The study by Goldman et al. (2005) showed that engaging in agricultural labor in-
creased the risk of PD, while an occupation in the service industry was associated with a 
relatively lower risk of PD. A case-control study conducted in New York found that PD risk 
increases with education level (Marder et al., 1998). In contrast, Taylor et al. (1999) showed 
that a high education level was protective factor in PD. Our study found no obvious correla-
tion of occupation and educational level with the incidence of PD. This may be because of the 
influence of regional characteristics, occupational exposure, and health status. Because most 
of the people in this region were farmers and the professional distribution was manual labor, 
further research is needed to clarify the association between PD incidence and occupation.

There was significant difference between the case and control groups with respect 
to pesticide exposure (P < 0.05). Compared with no pesticide exposure, long-term exposure 
to pesticides increased the risk of PD by 3.21 times. Controlling for other confounding fac-
tors, pesticide exposure was identified as a risk factor for PD. This is in line with the results 
reported by Kamel (2013) and other investigators.

Previous studies have found that people who engage in physical activity or exercise 
have a lower risk of PD and later onset age than the general population (Chen et al., 2005). 
Patients also can improve the symptoms of PD through appropriate exercise (Crizzle and 
Newhouse, 2006). Our study showed that the risk of PD in people who participated in exer-
cise and social activities (≥1 time/week) was 0.21 times lower than that in those who did not 
exercise often (95%CI = 0.10-0.44, P < 0.05). These results suggest that exercise and social 
activities are protective against PD. Multi-factor conditional logistic regression analysis also 
showed that participation in sports (exercise) and social activities affords protection from PD.

A study by Tanner et al. (1999) found that genetic factors are the most important rea-
son for early-onset PD; however, patients in whom PD presented after the age of 50 did not 
have obvious genetic characteristics. Further, a family history of PD increases the risk of PD 
by 3.67 times (Zorzon et al., 2002). In this study, the case and control groups significantly dif-
fered with respect to family history of PD (P < 0.05). Further, multi-factor conditional logistic 
regression analysis showed that family history of PD was a risk factor for PD development.

Galanaud (2005) found that smoking was negatively correlated with the incidence of 
PD. Alves et al. (2004) found that smoking in patients already diagnosed with PD had no pro-
tective effect. In our study, influenced by folk habits, few of the subjects smoked. Therefore, 
we did not investigate the correlation between smoking and PD.

Latest research (Mandel et al., 2008) shows that the risk of PD is reduced by 28-80% 
in long-term tea drinkers. However, a case-control analysis revealed that drinking tea is a risk 
factor for PD (Preux et al., 2000). Our study did not show an obvious correlation between tea 
drinking and PD. It may be because most Uyghurs drink tea frequently, leading to no obvious 
difference in the Uyghur residents in this aspect. Uyghurs like to eat nuts such as BaDanMu, 
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which is rich in protein, fat, minerals, vitamins, trace elements, and dietary fiber. Nuts can af-
fect growth, eliminate free radicals, delay senescence, and inhibit DA neurons damage. The 
Maillard reaction, which occurs during the process of grilling, results in the formation of 
products which are transformed to advanced glycosylation end-products (AGEs) in the body. 
Accumulation of AGEs in the body over a long period can lead to Alzheimer’s disease, PD, 
and other neurological diseases (Takeuchi and Makita, 2001). Studies examining the relation-
ship between consumption of nuts and barbecued food and PD are limited. In this study, con-
sidering the characteristics of the Xinjiang region, we investigated the correlation between the 
residents’ habit of eating nuts and barbecued food and PD. Our results show that people who 
eat nuts frequently are 0.43 times less likely to develop PD than those who do not (P < 0.05). 
However, when controlling for other confounding factors in multiple factor analysis, we found 
no obvious association. Eating barbecued food more than once a week increased PD risk by 
2.50 times, compared to eating ≤1 times/week. However, again, multi-factor conditional lo-
gistic regression analysis did not show significant correlation between PD and consumption of 
barbecued food (P > 0.05).

PD is a result of multiple factors involving environmental and genetic interaction 
(Kyrozis et al., 2013). This epidemiological investigation studied the prevalence of and fac-
tors related to PD in the area of Hetian, Xinjiang Uygur Autonomous Region. We showed that 
participation in exercise and social activities and eating nuts frequently were protective factors 
against PD. The risk factors were a family history of PD and long-term pesticide exposure; a 
possible risk factor was eating barbecued food. Based on our results, feasible measures should 
be implemented to prevent and control the occurrence of PD in Hetian, Xinjiang region.
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