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eMethods 

Design of the trial 

The primary objective of the Linxian Dysplasia Nutrition Intervention Trial was to evaluate the 

effect of multivitamin supplements on esophageal/gastric cardia cancer incidence and mortality in 

Linxian residents with a previous cytologic diagnosis of esophageal squamous dysplasia.  In 

addition, the effects of the supplements on total and cause-specific mortality, and on regression or 

progression of esophageal dysplasia were examined.  We performed a randomized, double-blind, 

placebo-controlled nutrition intervention trial among adult individuals from three communes 

(Yaocun, Rencun, and Donggang) in northern Linxian.  Subjects were recruited between August 

and October of 1984, randomization occurred in November of 1984, the intervention was initiated 

in May 1985, and concluded after six years duration in May 1991, one year longer than the initial 

design.  Post-intervention follow-up of participants for continued endpoint ascertain has 

continued to the present. 

Eligibility criteria 

Potential participants were eligible if they were between the ages of 40 and 69 years, lived in one 

of three communes, provided consent, and had a diagnosis of esophageal squamous dysplasia 

based on a balloon cytology examination.  Individuals were excluded if they were taking any 

vitamin or mineral supplements regularly, had a history of malignancy or other debilitating 

disease, or were taking specific medications (eg, retinoid or anti-tumor B, a traditional Chinese 

drug with a mixture of six medical herbs).  Although initially planned as a trial of 2160 subjects, 

successful recruitment enabled randomization of a total of 3318 participants into the intervention 

trial. 

Multivitamin and mineral intervention 

Eligible subjects were randomized to receive either a combination of 14 vitamins and 12 minerals 

in doses 2-3 fold higher than the US recommended daily allowances (n=1657) (see eTable 1) or 
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matching placebos (n=1661) for a period of six years. Each subject was provided three pills daily, 

including one beta-carotene capsule and two Centrum tablets or identical-appearing placebos. 

Study outcomes 

The primary outcomes were esophageal/gastric cardia cancer incidence and mortality.  Additional 

pre-specified outcomes were total mortality and total cancer mortality.  During the trial, incident 

cancers and deaths were identified by monthly visits from village doctors, review of local and 

regional hospital records and cancer registries, and cytology and endoscopy surveys, and 

confirmed by a panel of American and Chinese experts.  In the post-trial period, village doctors or 

study interviewers continued to contact subjects monthly.  For new cancers and all deaths, 

available diagnostic materials were collected and reviewed for confirmation by a panel of 

American and Chinese experts (1991-1996) or senior Chinese doctors (1996-2010).  Compliance 

was assessed by counting unused pills monthly for all and assaying blood nutrient levels in a 

randomly selected subgroup every three months. 

Randomization 

Participants were randomized to two arms to receive either multivitamin and mineral supplements 

or matching placebos.  A random number generator was used to generate the random allocation 

sequence, and randomization was performed in blocks of 10 patients within strata defined by age, 

gender, and commune.  The allocation procedure was performed by an independent group (ie, 

Westat, a biomedical support contractor for the NCI) and concealed from all staff at the Cancer 

Hospital/Institute of the Chinese Academy of Medical Sciences, including the field supervisors 

who enrolled and assigned subjects to intervention groups.  Participants and all trial staff both in 

China and the US remained blinded to treatment assignments until the end of the intervention. 

Sample size 

Based on the anticipated number of eligible/willing participants with dysplasia (total n=2160), a 

one-sided alpha of 0.05, and an annual esophageal cancer mortality of 1.78%, the initial trial 
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design was estimated to have more than 90% power to detect a reduction in esophageal cancer 

mortality of 40% or greater. 

Post-trial follow-up 

Endpoint follow-up for the current analysis continued through December 2010 and was 

considered essentially complete; a total of only four participants were lost to follow-up (0.1%) 

through the post-trial period. 

Statistical analysis 

We compared the rates of mortality for all causes, cancer (including esophageal and gastric), 

cerebrovascular disease, and heart disease by supplementation group.  Participants were censored 

at their last known follow-up date, death, or December 31, 2010, whichever came first.  

For our primary analysis, we estimated hazards ratios (HRs) and 95% confidence 

intervals (CI) using Cox proportional hazard models adjusted for age, sex, and commune. Further 

adjustment for smoking did not alter any of our findings so final models presented did not include 

smoking as a covariate.  We also assessed the proportionality assumption for Cox models and did 

not find any deviation from this assumption over time. In secondary analysis, sex-specific and 

age-specific HRs and 95% CIs were also estimated in separate models.  Interactions between 

treatment group, age, and sex were evaluated by using cross-product terms in Cox models.  Age 

was examined in two groups, young (< 55 years) and old (≥ 55 years), defined by the midpoint of 

the age range (40 to 69 years) of all trial participants at baseline.  Cumulative mortality was 

plotted using Kaplan-Meier plots and statistical differences between the intervention arms were 

determined with the Log-Rank test.  All P values were two-sided. Statistical analyses were 

performed using SAS 9.2 (SAS Institute, Inc, Cary, NC).  All analyses followed the intention-to-

treat principle, and all subjects were included in all the analyses presented here. 
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eTable 1. Daily dose and types of nutrients in supplements in the Linxian Dysplasia Nutrition 
Intervention Trial 
Vitamin/mineral As Dose 
Beta carotene  15 mg 
Vitamin A Acetate 10000 IU 
Vitamin E dl-alpha-Tocopheryl acetate 60 IU 
Vitamin C Ascorbic acid 180 mg 
Folic acid  800 µg 
Vitamin B1 Thiamine mononitrate 5 mg 
Vitamin B2 Riboflavin 5.2 mg 
Niacinamide  40 mg 
Vitamin B6 Pyridoxine HCl 6 mg 
Vitamin B12 Cyanocobalamin 18 µg 
Vitamin D  800 IU 
Biotin  90 µg 
Pantothenic acid Calcium pantothenate 20 mg 
Calcium Dibasic calcium phosphate 324 mg 
Phosphorus Dibasic calcium phosphate 250 mg 
Iodine Potassium iodide 300 µg 
Iron Ferrous fumarate 54 mg 
Magnesium Magnesium oxide 200 mg 
Copper Cupric oxide 6 mg 
Manganese Manganese sulfate 15 mg 
Potassium Potassium chloride 15.4 mg 
Chloride Potassium chloride 14 mg 
Chromium Chromium chloride 30 µg 
Molybdenum Sodium molybdate 30 µg 
Selenium Sodium selenate 50 µg 
Zinc Zinc sulfate 45 mg 
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eTable 2. Baseline demographic characteristics and risk factors in the Linxian Dysplasia Nutrition 
Intervention Trial 

 All participants Placebo Active 
No. of participants (N, %) 3314 (100.0) 1658 (50.0) 1656 (50.0) 
Age group (N, %)    

 <50 1081 (32.6) 536 (32.3) 545 (32.9) 
 ≥50 to <60 1458 (44.0) 742 (44.8) 716 (43.2) 
 ≥ 60 775 (23.4) 380 (22.9) 395 (23.9) 

Sex (N, %)    
 Female 1854 (56.0) 927 (55.9) 927 (56.0) 
 Male 1460 (44.0) 731 (44.1) 729 (44.0) 

Smoking a (N, %)    
 Non-smoker 2344 (71.1) 1173 (71.1) 1171 (71.1) 
 Smoker 954 (28.9) 477 (28.9) 477 (28.9) 

Alcohol drinking b (N, %)    
 Non-drinker 2683 (81.3) 1356 (82.2) 1327 (80.5) 
 Drinker 615 (18.7) 294 (17.8) 321 (19.5) 

Family history of esophageal or 
stomach cancer (N, %) 

   

 No 1974 (59.9) 990 (60.0) 984 (59.7) 
 Yes 1324 (40.1) 660 (40.0) 664 (40.3) 

Body Mass Index (Mean, SD) 20.35±2.29 20.36±2.30 20.33±2.28 
 

a Ever smoking cigarettes for six or more months. 
b Ever drinking any alcoholic beverage in the last 12 months. 
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