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Abstract

The Shanghai Men’s Health Study (SMHS) is a population-based cohort study of 61 480

men aged 40–74 years, launched in 2002 in urban Shanghai to investigate the contribu-

tion of lifestyle/environmental factors and genetic susceptibility to cancer and other

non-communicable diseases (NCDs). At baseline, trained interviewers collected detailed

information on personal and dietary habits, occupational/medical history and physical

activity, and took anthropometric measurements (response rate: 74%). Blood, urine and

DNA were collected from 75%, 89% and 89% of participants, respectively. The cohort has

been followed up through a combination of in-person surveys every 3–4 years and an-

nual record linkage with cancer and vital statistics registries. Response rates for in-per-

son follow-up surveys were over 91% and coverage for mortality nearly 100%. SMHS

participants have a high smoking rate (58.6%) and moderate alcohol-drinking rate

(29.3%), but low obesity rate (2.6%). They have a low calorie intake from fat (16.2% of

total calorie intake) and protein (16.4%), high calorie intake from carbohydrates (67.4%),

and high intake of soy food, cruciferous vegetables and fish (156.5, 110.6 and 51.7 g/day,

respectively). With its unique exposure pattern and wealth of data and biological

samples, the SMHS is well positioned for long-term research into NCD aetiology and

prognosis. Information about accessing the SMHS resources can be found at: http://

www.mc.vanderbilt.edu/swhs-smhs/.
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Why was the cohort set up?

Each year, 36 million people die of non-communicable dis-

eases (NCDs) globally, 80% (29 million) of them in de-

veloping countries.1 The health burden of NCDs in

developing countries is expected to continue rising,2

mainly due to population ageing and changes in lifestyle

and environmental exposures.

China, home to one-fifth of the world’s population, has

experienced rapid economic development and major envir-

onmental and lifestyle changes as well as an increase in the

prevalence of many known risk factors for NCDs, over the

past few decades. For example, the prevalence of over-

weight and obesity in China doubled among women and

tripled among men between 1989 and 1997.3 Type 2 dia-

betes (T2D) prevalence rose from 1.9% to 5.6% between

1993 and 2003.4 Similarly, the prevalences of hyperten-

sion, dyslipidaemia, and diabetes among Chinese adults

has increased substantially, approaching 26.1%, 53.6%

and 5.2%, respectively, in 2000 and 2001 for individuals

between the ages of 30 and 74.5 In Shanghai, one of the

largest cities in China, the age-adjusted incidence rates of

colon cancer increased by 147% in men and 161% in

women between 1973 and 1977 and between 1998 and

2000, respectively.6 During the same period, dramatic in-

creases in the incidence of cancers of the breast (69%),

prostate (281%), uterus (140%), pancreas (79% in men

and 90% in women) and brain (42% in men and 67% in

women) have been witnessed.6 In China, cardiovascular

disease (CVD) and cancer have surpassed infectious dis-

eases as the leading causes of death, and NCDs accounted

for an estimated 82.9% of total deaths and 70% of disabil-

ity-adjusted life-years lost in China in 2000.7 As western-

ization continues and the large population of baby

boomers begins to age, China will face an increased burden

of NCDs. This transition in the epidemiology of NCDs in

China presents an enormous challenge to both public

health researchers and policy makers, and offers an

exceptional research opportunity to investigate the contri-

bution of environmental and lifestyle factors and their

interaction with genetic susceptibility in NCD

development.

Supported by the National Cancer Institute, we

launched the Shanghai Men’s Health Study (SMHS), a

population-based cohort study, in 2002 for a comprehen-

sive and long-term investigation of NCD aetiology and

progression. The study protocols were approved by the

Institutional Review Boards of Vanderbilt University and

the Shanghai Cancer Institute. Informed consent was ob-

tained from all participants.

Who is in the cohort?

Eight typical neighbourhood communities in the

Changning district of urban Shanghai were chosen for the

SMHS. These communities are similar to the general popu-

lation of urban Shanghai in terms of demographic charac-

teristics and cancer incidence rates. Recruitment for the

SMHS was initiated in spring 2002. All men aged 40–74

who were permanent residents of these communities were

approached for the study by trained interviewers. By June

2006, 83 033 potential eligible men had been approached

for the study; 61 480 were enrolled, an overall response

rate of 74.0%. The response rate increased steadily with

age of study participants, from 65.9% for the 40–44 year-

old age group to 68.6%, 71.6%, 76.2, 81.3%, 85.4% and

86.4% for each additional 5-year increment in age.

The baseline demographics of the study participants are

presented in Table 1. The average age of participants

was 54 at study enrolment. Approximately two-thirds

(68.7%) of participants had received a middle- or high-

school education, 23.3%, above high-school and 6.6%,

less than middle-school education. Per capita monthly in-

come was between 500 and 2000 Chinese yuans for most

study participants (77.7%). The average number of jobs

Key Messages

• Chinese men living in Shanghai have a unique NCD spectrum and pattern of exposures which facilitate epidemiologi-

cal investigation of the aetiology of these diseases that are difficult to study in cohorts conducted in Western

populations.

• The Shanghai Men’s Health Study (SMHS), a population-based cohort study, has high response rates at study enrol-

ment and in the follow-up surveys. Extensive, high-quality survey and record linkage data have been collected.

A blood or buccal cell sample and a urine sample were collected for nearly 90% of study participants, providing a

unique opportunity for NCD research.

• The SMHS has shown that lifestyle factors—including diet, physical activity and supplement use—play an important

role in NCD development and mortality, and has contributed to the identification of multiple genetic susceptibility

biomarkers for cancer, body mass index, and diabetes.
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ever held by participants was 3.2. The longest duration of

job held was 21 years on average; 51.5% of jobs were

manufacturing or manual, 26.6% professional/technical/

administrative and the remaining 21.9% clerical/commer-

cial/service.

How is the cohort followed up?

The cohort has been followed up by a combination of regu-

lar record linkage with population-based registries and in-

person surveys. To identify new cancer cases in the SMHS,

the files of the population-based Shanghai Cancer Registry

(SCR) in our study district (Changning District) are

searched monthly. In addition, we conduct annual record

linkages to the Shanghai municipal SCR to identify add-

itional cancer cases (primarily for those relocated outside

the study district after the baseline survey), the Shanghai

Vital Statistics Registry to gather information on vital sta-

tus and cause of death and the Shanghai Residential

Registry to update current residential information. All pos-

sible matches are checked manually and verified through

home visits. All cancer diagnoses are further verified by re-

viewing medical records from hospitals.

In addition, every 3 or 4 years we conduct in-person fol-

low-up surveys to update and collect new exposure infor-

mation and to collect information on the interim health

history including cancer, cardiovascular disease, stroke,

bone fracture and other chronic diseases that occurred

since the last in-person contact. We have completed two

in-person follow-up surveys in the SMHS with response

rates of 97.6% and 91.9%, respectively. The third in-per-

son follow-up survey, initiated in 2012, is ongoing.

Participants who were lost to follow-up were younger,

slightly less likely to have received a college education, and

more likely to have a higher income than those who re-

mained in the study (Table 1). However, subjects who

were lost to follow-up did not differ from those remaining

in the study for most of the lifestyle factors that are known

to be related to NCD (Table 2).

What has been measured?

Exposure information

Presented in Table 3 is a summary of the information col-

lected in the SMHS. At study enrolment, in-person

Table 1. Baseline demographic characteristics of the Shanghai Men’s Health Study participants

Characteristics Total (N¼61480) Remain in study (N¼60789) Lost to follow-up (N¼691) p-Value*

Average age (mean 6 SD, years) 54.88 6 9.74 54.89 6 9.75 53.92 6 9.13 0.009

Education

No formal education 1.12% 1.13% 0.29%

Elementary 5.53% 5.56% 2.89%

Middle school 33.08% 33.13% 28.51%

High school 35.56% 35.54% 37.48%

Technical school/college or above 23.32% 23.24% 19.95%

Unknown 1.41% 1.41% 0.87% <0.001

Per capita monthly income (yuans)

<500 12.59% 12.59% 12.41%

500� income<1000 42.59% 42.62% 39.56%

1000� income<2000 35.11% 35.13% 33.87%

2000� income<3000 7.49% 7.46% 10.66%

�3000 2.22% 2.20% 3.51% 0.009

Longest job

Professional/technical/administrative 26.56% 26.54% 28.26%

Clerical/commercial/services 21.94% 21.93% 22.90%

Manufacture/manual labour 51.50% 51.53% 48.84% 0.365

Number of jobs ever held (meanþ SD) 3.18þ1.44 3.19 6 1.44 3.01 6 1.41 0.001

Years worked in the longest job (meanþ SD) 20.70 6 8.79 20.71 6 8.79 20.30 6 8.88 0.223

Family history of cancer 28.34% 28.34% 28.36% 0.987

*p-Value for comparison of subjects who remain in study with those lost to follow-up.
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interviews were administered at each study participant’s

home using a structured questionnaire which included

these sections: (i) demographic background; (ii) medical

history; (iii) personal habits; (iv) dietary habits; (v) physical

activity; (vi) family history of cancer; (vii) occupational

history; and (viii) weight history and height during adoles-

cence and early adult years. In the dietary section of the

questionnaire, we obtained information on usual dietary

intake over the preceding 12 months and during adoles-

cence. The validity and reliability of the food frequency

questionnaire (FFQ) and physical activity questionnaire for

the SMHS have been evaluated and reported previ-

ously.8–10 In addition, weight, standing and sitting height

and circumferences of the waist and hips were measured.

Pulse rate and two blood pressure measurements were

taken by interviewers at the time of interview in accord-

ance with standard protocols.

During the in-person follow-up surveys, structured

questionnaires were used to update and collect new expos-

ure information, including lifestyle factors and dietary in-

take. Blood pressure was taken by the interviewers at the

time of the survey. Another comprehensive dietary survey

was carried out at the first follow-up survey.

In addition to the annual record linkage with cancer

registry and vital statistics databases mentioned above, the

SMHS has recently initiated a new record linkage with the

Changning District Health Information System which has

collected electronic medical and prescription records, clin-

ical laboratory test results and hospital discharge informa-

tion from all district hospitals (n¼ 6) and community

Table 2. Selected baseline characteristics of Shanghai Men’s Health Study participants

Characteristics Total (N¼61480) Remaining (N¼60789) Lost to follow-up (N¼691) p-Value*

BMI (mean 6 SD) 23.7 6 3.1 23.7 6 3.1 23.7 6 3.1 0.84

Overweight (BMI�25–< 30 kg/m2) 30.5% 30.5% 30.1% 0.81

Overweight or obese (BMI�25) 33.1% 33.1% 33.3% 0.91

Obese (BMI�30) 2.6% 2.6% 3.2% 0.28

WHR (mean 6 SD) 0.90 6 0.06 0.90 6 0.06 0.90 6 0.06 0.53

Waist circumference (cm) 85.1 6 8.7 85.1 6 8.7 85.1 6 8.4 0.95

Currently smoking (%) 58.6% 58.6% 59.2% 0.77

Cigarettes/day (meanþ SD) among smokers 16.5 6 8.8 16.5 6 8.8 16.6 6 8.8 0.86

1-14 cigarettes/day 40.5% 40.4% 42.9%

�15 cigarettes/day 59.5% 59.6% 57.1% 0.27

�20 cigarettes/day 88.5% 88.5% 87.4%

>20 cigarettes/day 11.5% 11.5% 12.6% 0.44

pack-years of smoking 24.5 6 16.2 24.6 6 16.2 23.9 6 16.0 0.35

Currently drinking (any amount) (%) 29.3% 29.3% 28.5% 0.65

Heavy drinkers (�30 g/day) 12.8% 12.8% 10.2% 0.04

Ethanol intake (g/day) (mean 6SD) 11.8 6 25.1 11.8 6 25.1 10.3 6 22.4 0.12

Regular exercise (%) 35.5% 35.5% 36.3% 0.66

Energy intake (kcal/day) 1909 6 485 1909 6 485 1937 6 498 0.12

% of energy from fat 16.2 6 5.2 16.2 6 5.2 16.5 6 5.5 0.09

% of energy from carbohydrate 67.4 6 7.4 67.4 6 7.4 66.8 6 7.6 0.06

% of energy from protein 16.4 6 2.8 16.4 6 2.8 16.6 6 2.7 0.07

Red meat (g/day) (mean 6 SD) 63.3 6 44.8 63.2 6 44.8 65.1 6 45.5 0.29

Poultry (g/day) (mean 6 SD) 16.0 6 19.2 16.0 6 19.2 16.7 6 20.3 0.38

Fish (g/day) (mean 6 SD) 51.7 6 46.4 51.7 6 46.4 52.6 6 42.8 0.64

Total vegetables (g/day) (mean 6 SD) 343.8 6 192.9 343.7 6 192.8 353.8 6 202.0 0.21

Cruciferous vegetables (g/day) (mean 6 SD) 110.6 6 74.8 110.5 6 74.8 114.6 6 76.8 0.15

Allium vegetables (g/day) (mean 6 SD) 16.4 6 17.4 16.4 6 17.3 17.6 6 21.3 0.06

Soy food (g/day) (mean 6 SD) 156.5 6 119.1 156.5 6 119.0 159.9 6 123.0 0.45

Isoflavone (mg/day) 35.7 6 23.9 35.6 6 23.9 37.0 6 25.4 0.15

Total fruit (g/day) (mean 6 SD) 151.6 6 126.1 151.5 6 126.0 161.3 6 134.0 0.04

Calcium supplement 4.7% 4.7% 5.8% 0.18

Multivitamin supplement 7.5% 7.5% 9.6% 0.05

Vitamin D supplement 0.5% 0.5% 0.6% 0.58

Fish oil supplement 6.8% 6.8% 7.4% 0.48

*p-Value for comparison of subjects who remain in study with those lost to follow-up.
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health centres (n¼ 10) in our study districts since 2007.

This new record linkage will greatly facilitate the corrobor-

ation of self-reported medical events and medication use,

and opens new avenues for the SMHS to carry out pharma-

coepidemiological and outcome research.

Biospecimens

At study enrolment, we collected a 10-ml blood sample

from each of 46 244 willing study participants (75.1%), a

buccal cell sample from 8562 of those who did not donate

a blood sample (56.0%) and a spot urine sample from

54 769 (88.9%). All samples were kept at 4�C, processed

within 6 h and stored at �75�C. At biospecimen collection,

information was collected on date and time of sample col-

lection, time of last meal, intake of selected foods, smoking

and use of medications over the past 24 h and during the

preceding week.

For cancer patients who receive surgical treatment, we

attempt to obtain eight 5-mm and two 15-mm unstained tu-

mour tissue sections from the hospital. Tissue sections are

coated with a thin layer of wax to prevent oxidation and

are stored in a cold room at 4�C. Post-diagnosis urine and

saliva samples are collected from cancer patients whenever

possible.

What has been found? Key findings and
publications

Distribution of lifestyle factors. The smoking rate was high

among SMHS participants: 69.6% ever smoked and

58.6% currently smoked. Among the smokers, 11.5%

smoked more than a pack of cigarettes per day. About one-

third (29.3%) of participants drank alcoholic beverages

regularly, with 12.8% being heavy drinkers (� 30 g etha-

nol/day, equivalent to � 2 drinks/day). Two-thirds

(67.1%) of participants drank tea regularly and 35.5%

exercised regularly. The prevalence of overweight/obese

(BMI� 25 kg/m2) was 33.1% and of obesity (BMI� 30 kg/

m2) 2.6%. The mean energy intake was 1909 kcal/day,

with fat, protein and carbohydrates contributing 16.2%,

16.4%, and 67.4% of total calorie intake, respectively.

The average daily intake of total vegetables, soy food, and

cruciferous and allium vegetables was 343.8, 156.5, 110.6

and 16.4 g, respectively. Red meat, poultry, and fish

intakes averaged 63.3, 16.0 and 51.7 g/day.

Prevalence of common chronic diseases. At baseline sur-

vey, 29.9%, 8.5%, 7.5%, 6.3% and 3.8% of SMHS par-

ticipants reported a history of hypertension, prostatic

hypertrophy, cholelithiasis, diabetes or stroke, respectively.

Information on new occurrences of these conditions was

collected during follow-up surveys. Information on any

form of hepatitis or fatty liver was collected at the second

follow-up survey and was reported by 9.8% and 16.7% of

participants, respectively. Among those diagnosed with

hepatitis, 28.8% had hepatitis B virus infection, and

57.3% hepatitis A virus infection.

Top incident cancer and cause of death. As of 31

December 2011, 3133 incident cancer cases and 3796

deaths were documented after a median follow-up of

Table 3. Measurement content of in-person surveys and response rate of the Shanghai Men’s Health Study

Survey (year) Response rate (%) Exposure assessment*

Baseline recruitment

(2002–06)

74.0 Demographics, FFQ, personal habits (smoking, alcohol and tea consumption), supplement use,

weight and medical history, occupation history, family history of cancer, CVD and diabetes.

In-home anthropometrics (weight, height, waist/hip circumference) and blood pressure

measurements

First follow-up

(2004–08)

97.6 FFQ (85.0% response rate), benign or malignant tumours, prostate atrophy, diabetes, myocar-

dial infarction, stroke, bone fracture and other common chronic diseases, tea consumption,

smoking, weight and supplement use. In-home blood pressure and pulse measurements

Second follow-up

(2008–11)

91.9 Benign or malignant tumours, prostate atrophy, diabetes, myocardial infarction, stroke, bone

fracture and other common chronic diseases, supplement use, sleep habits, weight, depres-

sion, oral hygiene, use of Chinese medicine. In-home blood pressure and pulse

measurements

Third follow-up

(2012–)

N/A Benign or malignant tumours, prostate atrophy, diabetes, myocardial infarction, stroke, bone

fracture and other common chronic diseases, supplement use, smoking and tea consumption,

cancer screening, weight, family history of chronic disease, hair loss, physical function,

memory and hearing loss and social interaction. In-home blood pressure and pulse

measurements

N/A, not yet available.

*Information for all the exposures was based on self-report except the anthropometrics, blood pressure and pulse measurements which were taken by inter-

viewers at the participants’ homes at times of interview.
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6.5 years. The most common cancer was lung cancer,

accounting for 19.6% of all cancer cases, followed by can-

cers of the stomach (12.5%), colon (9.5%), liver (9.1%),

prostate (8.7%), rectum (6.4%), kidney (4.7%), pancreas

(3.7%), bladder (3.2%) and oesophagus (2.6%). Lung can-

cer was the leading cause of death in the SMHS, accounting

for 13.0% of all deaths. Intracerebral haemorrhage, acute

myocardial infarction, stomach cancer, liver cancer, cerebral

artery occlusion, diabetes, pancreatic cancer, colon cancer

and other forms of chronic ischaemic heart disease ranked

the second to tenth most common causes of death.

Highlights of major findings. Over the past 12 years, the

SMHS resources have contributed to over 40 institutional

and international consortium studies and nearly 100 publi-

cations. Selected major findings are summarized in

Table 4. Among the most significant contributions are

identification of dietary cancer-inhibitory factors, lifestyle

risk/protective factors for other NCDs, biomarkers for can-

cer risk assessment and genetic susceptibility markers for

cancer and other chronic diseases. For example, we found

that vitamin E intake, both from dietary sources and from

supplements, was associated with reduced risk of liver can-

cer, one of the most lethal cancers, in a dose-response man-

ner. This association was stronger among individuals with

a history of liver disease, providing a possible basis for

dietary intervention to prevent liver cancer.11 In another

report from the SMHS, we found that regular green tea

consumption was inversely associated with overall risk of

colorectal cancer; each 2-g increment in intake of dry green

tea leaves per day (approximately equivalent to the amount

of tea in a tea bag) was associated with a 12% reduction in

risk.12 Our study on stomach cancer found that increased

fruit intake was associated with a 50% decreased risk of

distal gastric cancer,13 an association more evident among

ever smokers than never smokers. We found that fish

intake was related to a reduced risk of diabetes.14 High

consumption of cruciferous vegetables or fish, or participa-

tion in low-intensity exercise, was associated with lower

incidence of diabetes and/or cardiovascular disease

mortality.15–17

Using pre-diagnosis blood collected at baseline, we

assessed the association of 15 antibodies to Helicobacter

pylori (H. pylori) proteins in a nested case-control study of

gastric cancer and found that an increasing number of

sero-positive results to six H. pylori proteins (Omp,

HP0305, HyuA, HpaA, CagA and VacA) may predict the

risk of gastric cancer better than CagA alone, a known bio-

marker for gastric cancer. Compared with individuals with

more than three sero-positive results to the six virulent pro-

teins identified in this population, individuals with four to

five sero-positive results were at a 2-fold increased risk,

and individuals with sero-positive results to all six proteins

had a 3.3-fold increase in risk for gastric cancer.18 We

found that high levels of C-reactive protein or folate in pre-

diagnostic plasma samples were associated with an

increased risk of colorectal cancer, and that these associa-

tions were more evident for subjects whose cancer was

diagnosed closer to their blood draw.19,20

SMHS resources have also contributed to several

genome-wide association studies which have identified

novel genetic markers for colorectal, gastric and pancreatic

Table 4. Summary of major findings from the Shanghai Men’s Health Study

Exposures Major findings

Diet and nutrition Vitamin E intake from diet and supplements: inversely associated with liver cancer risk11

Tea drinking: inversely associated with colorectal cancer risk12

Fruit consumption: inversely associated with stomach cancer, lung cancer and CHD risk13,47

Crucifers, green leafy vegetable consumption: inversely associated with lung cancer risk, CHD and total mortality15,47

Peanut consumption: inversely associated with CHD and total mortality48

Fish intake: inversely associated with total, ischaemic stroke and diabetes mortalities14,16

Red meat intake: positively associated with total and CHD mortalities49

Soy food consumption: positively associated with CHD risk and biomarkers50

Visceral adiposity: positively associated with CHD risk51

Height: positively associated with cancer mortality but inversely associated with CVD mortality52

Physical activity Moderate-intensity exercise related to reduced total, CVD and cancer mortalities17

Biomarkers H. pylori: six H. Pylori antibodies found to be associated with stomach cancer risk18

Folate: positively associated with colorectal cancer risk among men with possible preneoplastic lesions20

C-reactive protein: positively associated with colorectal cancer risk19

Genetic factors 8 novel BMI-related genetic loci identified24,25

A novel shared stomach/oesophageal cancer genetic locus identified23

17 novel colorectal cancer-related genetic loci identified21,22

9 novel diabetes-related genetic loci identified53,54
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cancer as well as body mass index.21–25 The SMHS is

one of the major contributors to the Asian genome-wide

association study (GWAS) consortium for colorectal

cancer, that has identified 17 novel loci.21,22 In

addition, the SMHS has contributed to several consortium

GWAS or pooling projects on significant NCD risk,

mortality and risk factors, such as obesity, diabetes and

hypertension.23–31

What are the main strengths and
weaknesses?

The SMHS is unique in many ways, providing opportuni-

ties to investigate important aetiological hypotheses that

cannot be investigated adequately in many other existing

cohort studies.

Unique exposure patterns. Compared with participants of

most cohort studies conducted in the USA, SMHS partici-

pants have an overall lower prevalence of obesity, lower

percentage of energy intake from fat, higher consumption

of carbohydrates, fish, soy foods and cruciferous and

allium vegetables. However, the smoking rate is much

higher among SMHS participants than in their US counter-

parts. Most of these factors have been shown or suggested

to play an important role in cancer, CVD and diabetes, but

findings are not entirely consistent.32–35 The unique expo-

sure patterns, repeated dietary surveys and biospecimens

make the SMHS an invaluable resource for testing many

aetiological hypotheses, especially those related to dietary

protective factors that may be difficult to investigate

adequately in other cohort studies.

Unique disease spectrums. Cancer incidence varies greatly

worldwide.1,36 Whereas prostate, lung and colorectal can-

cers are the three most common malignancies among US

men, comprising> 58.7% of all cancer diagnoses in

2007,37 they are much less common in Asian countries

including China.1 In Shanghai, the age-adjusted incidence

rates of prostate and colorectal cancers in 2007 were 9.31/

100 000 and 25.8/100 000, respectively, roughly 5.8% and

47.9% of the rates observed in the USA.1,6,38 However, the

incidence rates of these two cancers have increased rapidly

among Chinese immigrants to the USA30,39 as well as in

Shanghai in the past three decades (a 148% and 281%

increase in men from 1973–77 to 1998–2000). The smok-

ing rate among US men has been< 30% since 2000, com-

pared with> 60% for the past two decades among men in

Shanghai. The incidence rates for several smoking-related

cancers, including lung, pancreatic and bladder cancer,

however, are paradoxically much lower among Chinese

men (45.1, 7.3, 7.7/100 000, respectively) than among

US men (82.7, 37.0, 13.6/100 000, respectively).37,38

Although some of the differences could be attributed to a

short duration of the epidemic of cigarette smoking in

China, these striking contrasts also provide exceptional

opportunities for investigating potential interactions

between smoking and other lifestyle factors, as well as

genetic factors, in the aetiology of these cancers. Similarly,

gastric and liver cancer are among the most common

malignancies globally, although relatively uncommon in

the USA and other developed countries.1 The SMHS pro-

vides a unique opportunity to investigate risk factors for

these important cancers prospectively.

Other common NCDs. In the SMHS, diabetes, hyperten-

sion, hyperlipidaemia, stroke, fatty liver and cholelithiasis,

a set of metabolic-related conditions that are typically tied

to obesity, are common. However, the prevalence of obe-

sity in the SMHS is only 2.6%. It has been suggested that

Asians may be more susceptible to insulin resistance, given

the same level of body fat, when compared with their

Western counterparts.31 The availability of standardly-

measured anthropometrics and biological samples in the

SMHS will allow a comprehensive investigation of the bio-

logical mechanisms underlying these metabolic diseases.

Biological samples. The SMHS has collected and stored

blood and urine samples from most study participants,

providing valuable resources for molecular epidemiological

studies for NCD risk assessment and early detection.

Notably, the SMHS is one of few existing cohort studies to

have collected and stored urine samples for molecular epi-

demiological studies of urinary biomarkers. The value of

urine samples has been increasingly recognized, since some

biomarkers can only be reliably measured in urine.

Furthermore, compared with plasma biomarkers, urine

biomarkers often reflect relatively longer-term levels of

exposure (e.g. phytoestrogens). Over the years, we have

investigated multiple urinary biomarkers in relation to can-

cer risk,40–46 and found a strong dose-response association

of colorectal cancer with urinary prostaglandin E metabo-

lites (PGE-M), the best biomarker of endogenous prosta-

glandin E2 (PGE2) production.42 The value of urinary

biomarkers in NCDs will only increase as advances in

molecular technology, such as metabolomics, become

widely applied.

Limitations. Like most similar prospective cohort studies,

the SMHS only collected biospecimens from its partici-

pants at one time point, which limits its ability to investi-

gate changes in biomarkers of exposures or disease. This

limitation will be ameliorated by our ongoing effort to col-

lect second blood and urine samples from about 5000

SMHS participants. Except for cancer, information on

816 International Journal of Epidemiology, 2015, Vol. 44, No. 3



occurrence of other chronic diseases in the SMHS has been

primarily based on unverified self-report. The newly-

initiated record linkage with the Changning Health

Information System will allow for verification of self-

reported information on major chronic diseases, and offer

the opportunity to conduct pharmacoepidemiological

investigations.

In summary. The SMHS has collected extensive, high-

quality survey data and biological samples, providing

excellent opportunities to prospectively test a wide range

of hypotheses, and to investigate gene-environment inter-

actions and discover biomarkers for NCD risk assessment

and early detection. The SMHS employs rigorous method-

ology, implements repeated exposure assessments and is

one of very few cohort studies to collect tumour tissue sam-

ples and post-diagnosis urine samples from cancer patients.

These strengths allow us to evaluate study hypotheses

more rigorously than many existing cohort studies are able

to do. The SMHS has made important contributions to

NCD research and its value will continue to grow with

extended follow-up.

Can I get access to the data? Where can I
find out more?

Permission is required to access SMHS data and resources.

The SMHS survey questionnaires, publications, policy for

data sharing and request procedures can be found at: http://

www.mc.vanderbilt.edu/swhs-smhs/. Questions for poten-

tial collaboration can also been sent to Dr Xiao-Ou Shu at:

[xiao-ou.shu@vanderbilt.edu].
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