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Parkinson’s disease research in a prospective cohort in China
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Gao, Xiao-Ou Shu, Caroline M. Tanner, Zhen Hong, and Gong Yang
Epidemiology Branch (H.C) of the National Institute of Environmental Health Sciences, Research 
Triangle Park, North Carolina; Department of Neurology, Huashan Hospital, Fudan University 
(D.D, J.W, Q.Z, H.M, Z.H), Shanghai, China; Vanderbilt University (X-O.S, G.Y), Nashville, 
Tennessee; The Shanghai Cancer Institute (H.L, Y.T.G); and Disease Research Education and 
Clinical Center, San Francisco Veteran’s Affairs Medical Center & Department of Neurology, 
University of California – San Francisco (C.M.T), San Francisco, California

Abstract

Introduction—China has the largest population of Parkinson’s disease (PD) patients; however 

few etiological studies of PD have been conducted in China.

Methods—The Shanghai Women’s Health Study recruited 74,941 women in urban Shanghai, 

aged 40 to 70, from 1996 to 2000. Self-reported PD cases were invited for a neurological 

examination and diagnoses were made by a movement disorder specialist.

Results—This cohort had very few smokers (2.7%), alcohol drinkers (2.3%), and 

postmenopausal hormone users (4.3%); however, tea drinking (29.9%) and exposure to tobacco 

smoke from husbands (61.8%) were common. A total of 301 participants reported PD diagnosis 

during the follow-up. The diagnosis was confirmed in 76 (57%) of the 133 clinically examined 

patients. An additional 19 (53%) PD cases were identified out of 36 participants who self-

confirmed the diagnosis and provided a history on PD symptoms and treatments. As expected, 

increasing age was strongly associated with PD risk. Further, PD risk appears to be inversely 

associated with exposures to second-hand tobacco smoke from husbands and tea drinking, and 

positively with education, although none of these reached statistical significance. The age-adjusted 
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odds ratio (OR) was 0.7 (95% confidence interval: 0.4–1.1) for participants whose husbands were 

current smokers at baseline and 0.8 (0.5–1.3) for ever tea-drinkers. Compared with primary 

education or lower, the age-adjusted OR was 1.3 (0.7–2.4) for middle school and 1.6 (1.0–2.7) for 

high school or above.

Conclusion—PD research in this unique cohort is feasible and, with extended follow-up, will 

allow for prospective PD etiological research in China.

Keywords

Parkinson’s disease/Parkinsonism; risk factors in epidemiology; cohort studies

Parkinson’s disease (PD) is the second most prevalent neurodegenerative disease and affects 

more than 1% of the elderly population. The causes for late-onset sporadic PD are largely 

unknown, and likely involve both genetic and environmental factors and interactions among 

these factors [1]. To date, most PD etiological studies have been conducted in the United 

States and western European countries. Research efforts in China have been limited, despite 

the fact that China has the largest elderly population and is believed to have the largest PD 

population worldwide [2, 3]. PD epidemiological research in China will have important 

public health and economic impacts. Further, such research may potentially lead to the 

identification of environmental or genetic risk factors that are less common in western 

countries [4, 5] and may facilitate cross-cultural comparison of study results from different 

regions of the world [4, 6]. We therefore conducted PD research in a well-established large 

community-based prospective cohort in China: the Shanghai Women’s Health Study 

(SWHS).

Methods

The SWHS cohort was a joint effort by Vanderbilt University, the Shanghai Cancer 

Institute, and the US National Cancer Institute to investigate diet and lifestyle risk factors for 

cancers among Chinese women [7]. Details of this cohort were published previously [7]. 

From 1996 to 2000, the SWHS recruited 74,941 Chinese women, ages 40 to 70, from seven 

communities in the Changning district of Shanghai with an overall consent rate of 92%. At 

baseline, in-person interviews collected information on demographics, dietary habits, 

lifestyle, reproductive and medical histories, and residential and employment histories from 

each women, as well as lifestyle and medical history for her husband. All interviews were 

tape-recorded and randomly checked by quality control staff to monitor the quality of the 

interview. In addition, 87.7% of the study participants donated urine and 75.8% donated 

blood, and among those who did not donate blood, 49.3% provided buccal cells for genetic 

research [7].

The comprehensive baseline survey included questions that are potentially useful for PD 

research. Participants were queried about their smoking and tea drinking habit as well as the 

smoking habit of their husbands. Ever smoking was defined as at least one cigarette per day 

continuously for six months or longer, and tea drinking was defined as continuous drinking 

of at least three times a week for six months or longer. Education level was ascertained with 

the following categorical choices: no formal education, elementary, junior high, high, 
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professional high education, college or above, unknown. In addition, these women also 

provided information on their reproductive characteristics, including oral contraceptive use 

and use of post-menopausal hormones. After the baseline survey, this cohort has been 

followed by in-person interviews every 2–3 years to update exposures and to ascertain the 

occurrence of cancer and selected chronic diseases with response rates consistently over 

92%. Participants were first asked in the third follow-up survey in 2004–2007 whether they 

had ever been told by a physician that they had PD, and those who answered yes or probably 

yes further reported the year and month of diagnosis. Similar questions were included in the 

fourth follow-up survey (2008–2011) to ascertain PD diagnosis since last follow-up. These 

two follow-up surveys identified a total of 301 self-reported PD diagnoses: 220 from the 

third follow-up survey and 81 additional from the fourth follow-up.

For the current study, a field coordinator from the Shanghai Cancer Institute visited the 

home of self-reported PD patients and invited them to a clinical examination at the Hua-

Shan hospital of Fudan University, one of the leading hospitals in China on neurology 

clinical care and research. During the clinical examination, a neurologist took medical and 

neurological history, conducted a video-taped structured examination for PD diagnosis, and 

collected blood and urine samples. The patient was then examined by a senior movement 

disorder specialist, and based on all information collected, the movement disorder specialist 

made the PD diagnosis according to established diagnostic criteria [8, 9]. For self-reported 

cases that refused clinical examination, a neurologist from the Hua-Shan hospital visited 

each participant’s home and completed a screening questionnaire that collected information 

on PD diagnostic history, including where the diagnosis was made, primary clinical 

symptoms, and responsiveness to dopaminergic therapy. These data were subsequently 

reviewed by the senior movement disorder specialist who made a determination regarding 

PD diagnosis.

The current analysis was limited to women who participated in the third or the fourth 

follow-up surveys (n=71,600). We first described the basic population characteristics of 

cohort participants and self-reported cases. Means and standard deviations were presented 

for continuous variables and proportions for categorical variables. We also examined age (in 

5 year groups), education (primary school or under, middle school, high school or above), 

smoking status (never, ever), husband’s smoking status (never, ever / current), tea drinking 

(never, ever), and oral contraceptive use (never, ever) in relation to PD risk. Odds ratios 

(OR) and 95% confidence intervals (CI) were derived from unconditional logistic regression 

models, adjusting for age as a continuous variable when appropriate. Self-reported PD 

patients whose diagnoses were not confirmed were excluded from these analyses. Statistical 

analysis was performed by using the Statistical Analysis Systems (SAS) release 9.3 (SAS 

Institute, Cary, NC, USA) with two-tailed α of 0.05.

All SWHS participants provided written consent at the baseline survey; participants who 

underwent the clinical examination further provided written consent for the clinical 

examination. The study protocol was approved by the Institutional Review Boards of the US 

National Institute of Environmental Health Sciences, the Shanghai Hua-Shan hospital, 

Vanderbilt University, and the Shanghai Cancer Institute.
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Results

Figure 1 shows the disease confirmation process. Of the 301 women who self-reported PD, 

49 had died, 39 could not be located, 17 refused participation, and 1 was deaf and unable to 

communicate. Of the remaining195 self-reported patients, 26 denied ever having a diagnosis 

of PD, 36 refused an examination but completed the screening interview and 133 were 

clinically examined. PD was confirmed in 76 of those clinically examined. For those whose 

PD diagnosis was not confirmed at the clinical examination, 34 had essential tremor, 8 

secondary parkinsonisms (4 vascular, 2 drug-induced, 1 neurotoxicant induced, 1 other), 4 

progressive supranuclear palsy, 4 enhanced physiological tremor, 2 dementia, 2 dystonia, 1 

ischemic stroke,1 spinocerebellar ataxia and 1 had no neurological disease. Of the 36 

potential cases who only provided medical history data, 19 were considered to have PD after 

review by the movement disorder specialist. Therefore a total of 95 PD patients were 

confirmed and the prevalence (/100,000) was 71.8 for ages <55 years, 124.8 for ages 55–64 

years, 256.3 for ages 65–74 years, and 106.7 for ages 75–84 years.

Table 1 presents population characteristics of all cohort participants and self-reported cases 

with various PD confirmation results. The average age of cohort participants was 52.0 years 

at study baseline, and few were ever smokers or alcohol drinkers, or had ever used 

postmenopausal hormones. However, about 30% of these women drank tea and 62% had a 

husband that ever smoked. In comparison to the entire cohort, confirmed PD cases were 

older at baseline and more likely to have a primary school education or lower, but they were 

less likely to smoke cigarettes, drink tea or have a husband that ever smoked or “currently” 

smoked at study baseline.

The risk for PD clearly increased with age (Table 2). After adjusting for baseline age, higher 

educational level tended to be associated with greater PD risk: the OR was 1.0 (reference) 

for primary school or below, 1.3 (0.7–2.3) for middle school, and 1.6 (1.0–2.7) for high 

school or above. But this association was attenuated in the sensitivity analysis limited to 

participants younger than age 65 at the cohort’s baseline survey. On the other hand, 

smoking, tea drinking, and exposure to second-hand smoke from husband tended to be 

associated with lower risk. However, none of these associations reached statistical 

significance.

Overall, the clinical characteristics of the 76 clinically confirmed PD cases are consistent 

with typical late-onset PD (Table 3). All but one of the self-identified patients whose PD 

diagnosis was not confirmed after the clinical examination turned out to have some other 

neurologic disorders, mostly essential tremor or secondary Parkinsonism. We documented 

clear differences in diagnostic accuracy by the level of hospitals and the specialty of 

physicians. Compared with self-reported patients whose diagnoses were not confirmed, 

confirmed cases were much more likely to receive their previous diagnosis from one of the 

municipal-level hospitals in Shanghai (82.9% in confirmed vs. 47.4% in unconfirmed) and 

from a movement disorder specialist at PD specialty clinics (36.8% vs. 8.8%). If we use the 

final diagnosis by the movement disorder specialist on our research team as the “gold 

standard”, 70.0% of the treating physician’s diagnoses made at the municipal-level hospitals 

were accurate as compared with 38.7% of the diagnoses made at the lower level district 

Chen et al. Page 4

Parkinsonism Relat Disord. Author manuscript; available in PMC 2016 October 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



hospitals. Similarly, the clinical diagnosis was 84.9% accurate at the PD specialty clinics as 

compared to 57.5% at the general neurology department.

Discussion

A recent study estimated that China had 2 million PD patients or 48% of all PD patients 

from the world’s fifteen most populous countries [3]; this number is expected to increase to 

5 million by the year 2030. Epidemiological studies in China are therefore needed to 

understand the causes of PD and to reduce disease burden [2, 4]. To the best of our 

knowledge, this study is among the first efforts to establish a large population-based 

prospective study for PD research in China [10].

Potential PD cases from this cohort were first identified by self-report, and then followed by 

a direct clinical examination or a review of medical history by a movement disorder 

specialist. Through the fourth follow-up in 2011, we documented 95 PD cases in this cohort. 

Although it is difficult to directly compare the prevalence of PD across studies due to 

differences in study settings and methods [1], the prevalence of PD in this cohort was lower 

than that in most surveys in China that often used door to door survey and two stage disease 

confirmation [11].

An inverse association with smoking is the most robust epidemiology finding for PD in 

Western populations; however, the nature of this observation has been debated [1], largely 

due to concerns on personality and reverse causation [12]. This may be less of a concern in 

this cohort as very few (2.3%) women ever smoked. In contrast, most (61.8%) of the 

participants’ husbands were smokers. Although the current sample size is limited, our 

preliminary result suggests that second-hand smoke exposure may be associated with a 

lower risk for PD among these women. This observation is consistent with data from two 

previous studies [13, 14] and thus lends support for potential biological explanation(s) for 

the smoking-PD relationship [15]. We also found that PD patients are more likely to report 

higher education level than other cohort participants after accounting for age, a finding 

consistent with a population-based study in the US [16]. However, explanations for this 

observation are not straightforward as education may be a surrogate for various lifestyle, 

occupational or environmental exposures, health consciousness, and access to quality health 

care. Further the association was attenuated when the analyses was limited to participants 

younger than age 65 years at baseline, suggesting potential bias that older PD cases with low 

education level were less likely to participate in case confirmation.

The Shanghai Women’s Health Study offers a unique opportunity to study PD etiology in 

China. The cohort infrastructure has been well-established over the past 15 years by leading 

US and Chinese cancer epidemiologists and oncologists. The size of this cohort is 

comparable to that of the larger population-based US cohorts [17–22]. All cohort 

participants were from a single administrative district in Shanghai and thus make a clinical 

examination of self-identified PD patients more feasible than most of the large population-

based US cohorts [18–22].
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More importantly, the cohort has collected information on a range of environmental 

exposures from diet and lifestyle to occupation and residential histories as well as blood and 

urine samples. These exposure data and biospecimens will become increasingly valuable 

with future follow-ups and incident PD case accumulation. Further, the exposure profile of 

this population is rather unique. Factors known to be associated with PD risk such as active 

smoking and coffee drinking are largely absent in this population, which provides a 

relatively clean population in which to study other risk factors. In contrast, some other 

exposures are prevalent. For example, data from Western countries suggest that 

organochlorines may increase PD risk [23–25], and a previous study among Shanghai 

women found much higher plasma levels of organochlorines than those reported in Western 

countries [26]. Finally, diet in this population was characterized by high-consumption of 

tofu, certain vegetables, and fish and low intake of red meat [7, 27]. Dietary patterns high in 

legume, plant-based foods and fish have been linked to lower risk for PD in both the US 

[28] and Japan [29].

Several clinical observations are worth mentioning. Of clinically examined cases, only 57% 

of the previous PD diagnoses were confirmed. The clinical diagnostic accuracy was high for 

diagnoses made at PD specialty clinics and at municipal level hospitals, but was poor 

otherwise. Further, overall only 36.8% of PD patients received their clinical diagnosis from 

movement disorder specialists at PD specialty clinics. Most erroneous self-reports turned out 

to be essential tremor which has a more benign clinical course and a better prognosis than 

PD [30]. These errors might be the result of misdiagnosis by physicians, but also could be 

due to the confusion of patients and family members who did not seek diagnostic 

confirmation by well-trained specialists. Therefore, potential PD patients in China should be 

educated to actively seek diagnostic confirmation by movement disorder specialists. This 

also implies that population-based studies on PD in China require diagnostic confirmations 

by experienced movement disorder specialists.

The current study also has several limitations. Due to the size of this cohort, we had to rely 

on self-reported physician diagnosis to identify potential PD patients for later clinical work-

up. We therefore inevitably missed some cases who failed to report their diagnoses. Further, 

about 30% of self-reported cases were either deceased or could not be located and therefore 

they could not be reached for diagnostic confirmation. These, together with possible under-

diagnosis of PD in Chinese communities [2, 4], led to under-ascertainment of PD cases in 

this cohort. This under-ascertainment has limited our ability to examine etiological 

hypotheses for PD, and might have biased the analysis on education. Finally, the study was 

conducted in Shanghai, therefore the findings may not be readily generalizable to less 

developed areas of China.

In summary, preliminary results from the Shanghai Parkinson Study prove the feasibility of 

conducting prospective PD research in China. Such research not only has the potential to 

identify environmental and genetic risk factors among Chinese, but also may provide 

insights into PD etiology in general.
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Highlights

1. Chinese populations have unique characteristics for Parkinson etiological 

research

2. Among Chinese women, passive smoking may be associated with a lower risk 

for Parkinson disease

3. A substantial portion of the self-reported Parkinson diagnoses in China could 

not be clinically confirmed; diagnostic confirmation by a movement disorder 

specialist is needed.
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Figure 1. 
Flowchart of PD confirmation.
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Table 2

Age-adjusted odds ratios and 95%confidence intervals of PD according to selected baseline characteristics

PD
cases

Participants
free of PD

OR (95%CI) OR (95%CI) in
sensitivity analysis*

Baseline age,

  <55 26 45248 1.0 (reference)

  55–59 13 7257 3.1 (1.6–6.1)

  60–64 27 9142 5.1 (3.0–8.8)

  ≥65 29 9655 5.2 (3.1–8.9)

Education level,

  Primary or under 35 14938 1.0 (reference)

  Middle school 23 26683 1.3 (0.7, 2.4) 1.2 (0.6, 2.5)

  High school or above 37 29669 1.6 (1.0, 2.7) 1.2 (0.7, 2.4)

Smoking

  Never 94 69359 1.0 (reference)

  Ever 1 1943 0.2 (0.03, 1.6) 0.5 (0.06,3.3)

Husband smoking

  Never 41 24350 1.0 (reference)

  Ever 42 39459 0.8 (0.5, 1.3) 0.9 (0.5, 1.5)

    Current 26 33743 0.7 (0.4, 1.1) 0.7 (0.4, 1.3)

Tea drinking

  Never 76 49958 1.0 (reference)

  Ever 19 21344 0.8 (0.5–1.3) 0.8 (0.4, 1.4)

Oral contraceptive use

  Never 74 56636 1.0 (reference)

  Ever 21 14666 1.1 (0.7–1.8) 1.1 (0.6, 1.9)

*
Analyses limited to 66 PD cases and 61,640 individuals without PD who were younger than 65 years of age at study baseline.
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Table 3

Clinical characteristics of clinically confirmed Parkinson cases and those whose diagnosis was not confirmed

Clinical characteristics Clinically examined

PD Confirmed PD not confirmed

Number of participants 76 57

Age at examination, years (mean±SD) 71.9±7.3 72.9±6.8

Diagnosis hospital, N (%)

    Municipal level 63 (82.9) 27 (47.4)

    District level 12 (15.8) 19 (33.3)

    Missing 1 (1.3) 11 (19.3)

Specialty of clinics, (%)

    PD specialty clinics 28 (36.8) 5 (8.8)

    Neurology 46 (60.5) 34 (59.6)

    Others 1 (1.3) 7 (12.3)

    Missing 1 (1.3) 11 (19.3)

Age at diagnosis, years (mean±SD) 63.5 ± 8.0 63.4 ± 9.5

Age at first symptoms, years (mean±SD) 62.1 ± 8.5 60.6 ± 10.7

Duration at enrollment, years (mean±SD) 8.4 ± 4.4 9.3 ± 6.7

Bradykinesia*, (%) 72/73 (98.6) 18/48 (37.5)

Rest tremor*, (%) 66/73 (90.4) 40/53 (75.5)

Muscle rigidity*, (%) 62/73 (84.9) 13/47 (27.7)

Postural instability*, (%) 39/65 (60.0) 9/44 (20.5)

Asymmetric onset*, (%) 72/74 (97.3) 40/54 (74.1)

Ever treated by*, (%)

    Levodopa 72/75 (96.0) 32/52 (61.5)

    Dopamine agonist 20/74 (27.0) 0/54 (0)

    Amantadine 36 (47.4) 7/56 (12.5)

    Other medications for PD 37/74 (50.0) 13/56 (23.2)

Response to dopaminergic therapy*, (%) 70/70 (100) 7/22 (31.8)

*
Denominators are provided when there are missing observations.
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