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Abstract  

 

Background: Although the incidence of small intestinal adenocarcinoma (SIA) is low, rates are 

increasing and little information regarding modifiable lifestyle risk factors is available.   

Aim: To provide a systematic review of lifestyle factors and SIA risk.   

Methods: Ovid MEDLINE, EMBASE and WEB OF SCIENCE were searched from inception 

to Week 1 October 2013.  Nine publications that reported on SIA risk in relation to alcohol 

intake (n=6), tobacco smoking (n=6), diet (n=5), body mass (n=3), physical activity (n=1), 

hormone use (n=1) and/or socio-economic status (n=3) were retrieved.  Results for alcohol, 

smoking and SIA risk were pooled using random-effects meta-analyses to produce relative 

risks (RR) and 95% confidence intervals (CI).   

Results: The summary RR for individuals consuming the highest versus lowest category of 

alcohol intake was 1.51 (95% CI 0.83-2.75; n=5 studies) with significant increased risks 

emerging in sensitivity analysis with reduced heterogeneity (RR: 1.82, 95% CI: 1.05-3.15; n=4 

studies).  The pooled SIA RR for individuals in the highest versus lowest category of smoking 

was 1.24 (95% CI 0.71-2.17; n=5 studies).  In relation to dietary factors, high fibre intakes and 

normal body weight may be protective, while high intakes of red/processed meat and sugary 

drinks may increase SIA risk. Evidence on socio-economic status and SIA risk was equivocal. 

Data on other factors were too sparse to draw any conclusions.   

Conclusions: Alcohol may be associated with an increased risk of SIA.  Further investigation 

of lifestyle factors, particularly alcohol, smoking and diet, in the aetiology of this cancer is 

warranted in large consortial studies. 
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1. Introduction 

 

The small intestine represents 75% of the length and 90% of the absorptive surface of the 

gastrointestinal system [1].  Despite its prime role in digestion, the small intestine is a relatively 

rare location for the development of neoplasms, accounting for only 2% of all gastrointestinal 

cancers, 0.4% of total cancer cases and 0.2% of all cancer deaths [2]. Worryingly though, the 

incidence of small intestine cancer increased substantially between 1973 and 2004 [3], and 

others have noted that this trend disproportionately affects Caucasian men [4].  This non-

uniform increase across population groups suggests that the rise is not due to improved 

classification of tumour location, generating a need to better understand the causative factors 

of this malignancy.   

 

Amongst the different histological types of small intestine cancer, small intestine 

adenocarcinoma (SIA), derived from mucosal gland epithelium, is amongst the most common 

[5]. It accounts for 50%, 20% and 15% of duodenal, jejunal and ileal cancers, respectively [3].  

Clinical manifestations of SIA are usually non-specific and appear late in the disease, 

presenting a challenge for physicians, since patients often present with advanced cancer [6,7].  

This late presentation is coupled with a poor prognosis for SIA, which currently has an overall 

5-year survival rate of approximately 30% [8].   Therefore, in order to reduce future cancer 

burden, research emphasis must focus on preventative measures that may reduce SIA risk. 

 

Certain medical conditions, including hereditary nonpolyposis colorectal cancer (HNPCC), 

Peutz-Jeghers syndrome and Crohn’s Disease have been established as risk factors for SIA 

[6,9-14].  However, little is known about modifiable lifestyle factors that may be related to 

SIA, even though such factors are of considerable aetiological importance for other tumours of 



the gastrointestinal tract [15,16].  The purpose of this article is to conduct a novel systematic 

review, and meta-analyses where possible, evaluating the association between lifestyle factors 

and SIA development. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2. Methods 



2.1 Search strategy 

The bibliographic databases Ovid MEDLINE (US National Library of Medicine, Bethesda, 

Maryland), EMBASE (Reed Elsevier PLC, Amsterdam, Netherlands) and Web of Science 

(Thompson Reuters, Times Square, New York, USA) were searched from inception to October 

week 1 2013 for literature related to lifestyle factors and SIA risk.  The search strategy 

identified studies that contained at least one keyword or Medical Subject Heading (MeSH) 

term from each of the following: 

 

(i) risk factor(s) OR alcohol drinking OR alcohol consumption OR diet OR nutrition OR 

smoking OR body mass index OR BMI OR occupation(s) OR socioeconomic status OR 

physical activity OR exercise OR radiation injuries OR radiation induced neoplasm(s) OR 

environmental exposure OR occupational exposure OR obesity OR medication OR hormone 

replacement therapy OR reproductive factors 

AND 

(ii) small intestine adenocarcinoma OR small bowel adenocarcinoma OR small intestine 

cancer OR small bowel cancer OR duodenal neoplasms OR ileal neoplasms OR jejunal 

neoplasms  

 

The search strategy also incorporated limits to studies conducted on humans. Case studies, case 

series and review articles were removed, however no language restrictions were specified.  

 

2.2 Data extraction 

Titles and abstracts were independently examined by at least two reviewers (CB, HC, PV, MC, 

CL &/or LM) to assess eligibility for the review using ‘PICO’ criteria: 

  (i) Participants: Males and females, no age restrictions 



 (ii) Intervention: Assessment of lifestyle factors in the study population 

 (iii) Comparators: Healthy individuals with no small intestine cancer 

 (iv) Outcome: Small intestine adenocarcinoma risk 

 (v) Study design: Observational including cohort and case-control studies.  

 

The reviewers initially screened titles and abstracts to remove obviously irrelevant articles, and 

then at least two reviewers (CB, BSc Hons, HC, PhD BSc Hons, and/or PV, MB BCh BSc 

MPH) screened full text articles independently to identify studies for inclusion in the systematic 

review. Discrepancies were resolved by discussion.  Reference lists of included articles were 

also searched for other relevant studies. Since this systematic review focuses on SIA risk, 

studies were excluded if they presented data on small intestine cancer as one entity, or if they 

only presented data on small intestine sarcoma, small intestine lymphoma or small intestine 

neuroendocrine/carcinoid tumours. Studies that reported small intestine cancer as one entity 

were contacted to retrieve SIA specific data.  Methodological quality was evaluated using the 

Newcastle-Ottawa Scale [17] to assess the selection of the study groups (zero to four points); 

the comparability of the groups (zero to two points); and the ascertainment of the exposure or 

outcome of interest (zero to three points).    

 

2.3 Narrative synthesis and statistical analysis 

Following critical review of each study, a narrative synthesis was compiled.  Where possible, 

the association between cancer risk and lifestyle factors was summarised in meta-analyses by 

comparing risk in the highest to the lowest reported category of exposure.  Adjusted relative 

risk estimates (RR) and their corresponding 95% confidence intervals (CI) were extracted from 

published reports for each study.  In case-control studies adjusted odds ratios (OR) were used, 

whereas adjusted hazard rate ratios (HR) were extracted from cohort studies, both of which 



should approximate RR since SIA is extremely rare [18].  Random-effects models were used 

to calculate pooled RR and the I2 statistic [19] was calculated to quantify the degree of 

heterogeneity between studies.  Study specific weights in the random-effects model were 

calculated and scaled to percentages.  An a priori decision was made to perform meta-analyses 

only for lifestyle risk factors that were investigated by at least 3 published studies. This meant 

that meta-analyses were possible for alcohol and smoking as risk factors for SIA.  Publication 

and selection bias was investigated by checking for asymmetry in the funnel plots of the study 

RR against the standard error of the logarithm of the RR [20].  Sensitivity analyses were 

performed for alcohol and smoking meta-analyses by systematically removing each individual 

study in order to assess its effect on the pooled result estimates and accompanying 

heterogeneity.  Statistical analysis was conducted using the metan package in Intercooled 

STATA version 11.2 (StataCorp 2005, College Station, TX, USA).  

 

 

 

 

 



3. Results 

As shown in Figure 1, screening of the 2,319 papers identified in our search strategy resulted 

in nine publications [21-29] deemed eligible for inclusion in the review.  The characteristics of 

these are summarised in Table 1 and consist of four studies from prospective cohorts or 

consortiums [21,23,24,28], two population-based case-control studies [25,29] and three 

hospital-based case-control studies [22,26,27].  These studies, of variable quality, originated 

from America, Europe and a large Asian cohort consortium (Table 1).  

 

3.1 Alcohol 

Four case-control studies and one cohort study examined alcohol consumption and SIA risk 

[22,23,26,27,29]. As shown in Figure 2, the pooled RR for those consuming the highest versus 

lowest category of alcohol intake was 1.51 (95% CI: 0.83-2.75) with heterogeneity of 61.4%.  

Sensitivity analysis significantly altered the results shown with the removal of the Negri et al 

study [27], making the pooled RR 1.82 (95%CI: 1.05-3.15) and a reduced heterogeneity of 

28.0% (Figure 3). Removal of other studies in sensitivity analysis did not markedly alter the 

results shown, or accompanying heterogeneity (Table 2). In addition, Kaerlev et al [26] 

investigated specific alcoholic drinks and observed significant increased risks of SIA for heavy 

consumers (≥25g alcohol/day) of beer (OR 3.5; 95% CI: 1.5-8.0) and spirits (OR 3.4; 95% CI: 

1.3-9.2) but not wine.  Contrastingly, no links between differing alcohol types and SIA risk 

was observed in an American case-control study [29]. 

 

3.2 Smoking 

Four case-control studies and one prospective cohort study examined smoking and SIA risk 

and were able to be included in meta-analyses [22,23,26,27,29].  As shown in Figure 4, the 

pooled RR for those in the highest versus lowest category of smoking was 1.24 (95% CI: 0.71-



2.17), with moderate evidence of heterogeneity (38.5%). Sensitivity analysis excluding the 

results of individual study estimates did not significantly alter the results shown (Table 2).  It 

should be noted that the measure of smoking exposure was relatively crude in some of the 

included studies, with few attempting to quantify smoking intensity or duration (Figure 4).  Wu 

et al [29] did additionally report that the non-significant increased SIA risk remained for former 

smokers and by different strata of smoking intensity, duration or age of smoking initiation.  

One cohort consortium [21] also reported observing non-significant direct associations 

between smoking and overall small intestine cancer risk, which remained in analysis of SIA 

only.  However, this study did not present RR and 95% CI for SIA risk and therefore could not 

be incorporated in our meta-analysis.   

 

 

3.3 Diet 

Five studies assessed the relationship between various dietary factors and SIA risk [23,24,27-

29].  Three publications [23,24,28] originated from the large American National Institutes of 

Health-AARP Diet and Health Study.  After adjustment for potential confounders outlined in 

Table 1, non-significant direct associations were observed between SIA risk and fat, processed 

and red meat intake [24] in that cohort.  The latter finding was stronger in an Italian case-

control study [27], which reported a significant increased SIA risk in subjects consuming more 

than five portions of red meat per week (OR 4.57; 95% CI: 1.01-20.81). The most recent NIH-

AARP study investigated multivitamin use but did not find any significant associations with 

SIA risk (HR; 1.34 95% CI: 0.70-2.57) (23).  Furthermore, another case-control study [29] 

described an increased SIA risk for males who regularly ate foods high in heterocyclic aromatic 

amines (fried bacon/ham, barbecued and smoked meats, fish); no similar associations were 

found for female subjects, or for all subjects combined.   



 

Various aspects of carbohydrate intake have also been investigated in relation to SIA risk in 

these studies.  Non-significant inverse associations were identified for fibre and wholegrain 

intake and SIA development in the American cohort study [28].  Alternatively, the American 

case-control study determined that SIA risk was heightened by the practice of adding sugar to 

either coffee or tea (OR 2.5; 95% CI: 1.2-5.4) and by daily consumption of sugar-sweetened 

carbonated soft drinks (OR 3.6; 95% CI: 1.3-9.8) in both males and females [29]. An Italian 

case-control study [27] also reported significant direct association between sugar, bread, pasta 

and rice intake and SIA risk.  The same study reported potentially protective effects against 

SIA development for individuals consuming the highest weekly intake of vegetables (OR 0.27; 

95% CI: 0.09-0.85) and, to a lesser extent, coffee. 

  

3.4 Body fatness 

Three studies assessed BMI as an exposure for SIA risk [21,23,27]. One case-control study has 

explored body fatness and SIA development, in which risk was significantly elevated for 

underweight individuals [27].  There may be a U-shaped relationship for body fatness and SIA 

risk, since the Asian cohort consortium [21] reported significantly elevated risks for overweight 

individuals also (RR 1.89; 95% CI: 0.63-5.68).  Finally, the highest increased risk in the NIH-

AARP cohort [23] was in the severely obese (BMI >35 kg/m2) category (HR: 1.35 95% CI: 

0.56-3.28), however this was not statistically significant.  

 

3.5 Socio-economic status 

The relationship between SIA risk and socio-economic factors, reflected by either education 

[23,27] or occupation [25], has been explored in three studies.  No significant associations were 

observed between education and SIA carcinogenesis [23,27], whereas several occupations 



were found to carry significant elevated SIA risks in a European study [25].  This included men 

employed as building caretakers and welders, and women employed as housekeepers, general 

farm labourers, dockers, dry cleaners or launderers, and textile workers [25].  Moreover, direct 

dose-response relationships were noted for duration of employment and SIA risk in many of 

these occupations [25].  

 

3.6 Other Factors 

One cohort study investigated self-reported physical activity and SIA risk [23].  A non-

significant association was identified for SIA risk in individuals self-reporting that they 

undertook vigorous physical activity 5 times/week compared with those undertaking no 

vigorous physical activity (HR: 0.67; 95% CI: 0.33-1.34). 

 

The same cohort study [23] also investigated menopausal hormone therapy use and SIA risk 

and noted a decreased risk of SIA in current HRT users (HR: 0.51; 95% CI: 0.21-1.24), and an 

even greater decreased risk in former HRT users (HR: 0.51; 95% CI: 0.04-2.40), compared 

with never HRT users. However neither of these results achieved statistical significance.  

 



4. Discussion 

Nine observational studies investigated a range of modifiable lifestyle factors and SIA risk.  

Meta-analyses suggested that alcohol consumption may increase the risk of SIA and tobacco 

smoking may be associated with a non-significant increased SIA risk. Limited data suggested 

that consumption of excess meat and sugary drinks may have an aetiological role for this 

cancer, while both low and high body fatness were linked with SIA risk.  The association 

between socio-economic status, other lifestyle factors and SIA development remains uncertain. 

   

Pooled analysis of the five studies that reported on alcohol intake did not give a significant 

association, however sensitivity analysis with reduced heterogeneity and the removal of the 

Negri study showed a significant 82% increased risk of SIA in the highest category of alcohol 

consumption versus the lowest consumption category. The Negri et al study [27] was an Italian-

based case-control study and may have differed from other studies due to its lower quality scale 

score or the classification of alcohol intake used (with the lowest category as 2 drinks/day and 

highest category as >2 drinks/day).  Interestingly, one European study implicated specific 

alcohol types such as beer and spirits as having an aetiological role in SIA development [26], 

however this was not replicated in an American study [29].  These differing results may be due 

to the difference in approach to collecting data on alcohol use between the studies and further 

work is required to explore this suggestion.  

 

Alcohol has previously been associated with cancers of the head and neck, oesophagus, breast, 

liver and colorectum [16]. It is suggested that acetaldehyde, the genotoxic primary metabolite 

formed by the breakdown of ethanol may be carcinogenic [21,30]. Evidence further suggests 

that reduced folate levels and inhibition of key enzymes in one-carbon metabolism from 

alcohol consumption lead to altered patterns of DNA methylation, the mechanism of 



translational control, to influence cancer growth [31]. There is some evidence to suggest that 

ethanol may also act as an irritant to the small intestine mucosa, disrupting the mucosal barrier 

and therefore increasing susceptibility to other carcinogens [32].  

  

Pooled analysis of data from the five studies that reported on tobacco use showed no significant 

increase in SIA risk for smokers. Smoking and exposure to tobacco have been cited as the 

leading single avoidable cause of cancer [16,33]. Possible carcinogenic mechanisms operating 

in the small intestine include the deposition of tobacco-specific nitrosamines via the circulatory 

system, impaired induction of enzyme systems that detoxify polycylic aromatic hydrocarbons 

and a reduced cellular response to immune challenge   [33].  

 

Five studies within the systematic review identified a breadth of dietary exposures and SIA 

risk. Publications arising from a well-conducted cohort study [23,24,28] observed a non-

significant trend for reduction in risk of SIA with fibre and wholegrain intake and only weak 

direct associations with fat or meat intake. A number of epidemiological studies have found 

dietary fibre, and more recently whole grains, to be inversely associated with colorectal cancer 

[34]. It has therefore been hypothesised that protective associations in the large intestine may 

also exist in the small intestine. Fibre and whole grain are involved in bile acid and carcinogen 

binding, and decrease transit time in the small intestine, resulting in less contact time between 

potential carcinogens and the mucosa surface [35]. These biologically plausible mechanisms 

and suggestion of a protective effect warrant further investigation in future studies.  

 

The potential for an increased risk of SIA with high red meat intake is not surprising, as red 

meat is a source of several known mutagenic mutagens, including heterocyclic amines [36], 

polycyclic aromatic hydrocarbons [37], and N-nitroso compounds [38].  These mutagens have 



been associated with other gastrointestinal cancers, including colorectal and oesophageal 

cancers [39,40].  Increased SIA risks were reported by the two case-control studies reviewed 

[27,29], but were not statistically significant in a cohort investigation [24].  The discrepancy 

between these study designs may be due to recall bias and differences in the dietary assessment 

tool utilised.   Other evidence from the case-control studies suggest vegetables may have a 

protective effect on SIA risk [27], while the use of sugar in tea and coffee and consumption of 

carbonated soft drinks may increase SIA risk [29].  Clinical experimental data exists to suggest 

a biological basis for both observations [41], however this area requires more research. 

 

Three published studies have considered the relationship between BMI and SIA [21,23,27], 

one of which found a tendency towards increased risk for underweight individuals [27], while 

the others found increased SIA risks for overweight/obese individuals [21,23].  The existence 

of a U-shaped association between body fatness and cancer risk has been demonstrated for 

other cancer sites, particularly for smoking-related malignancies [16,42,43].  This may reflect 

malnourishment associated with limited calorie intake that would arise in low body fatness 

[16], while excess body fat has a number of detrimental health effects, such as insulin 

resistance, that may lead to cancer development [44], in addition to reflecting a sedentary 

lifestyle.  Only one study investigated physical activity and observed a non-significant decrease 

in SIA risk with increasing hours of physical activity. Physical activity may decrease SIA risk 

due to increased insulin sensitivity, weight maintenance, and transient systemic acidosis,  

which may delay cancer progression [45]. Further research is warranted, although measurement 

of physical activity in large cohort studies is difficult. 

 

A number of occupations were associated with an increased risk in a European study, namely 

dry cleaners, textile workers and welders [25].  Workers in these occupations may have been 



exposed to chemical agents, such as perchlorethylene, which have been associated with other 

cancer aetiology [46].  Further studies focusing on specific exposures in these occupations 

would help to characterise these further, and possibly identify common exposures among cases 

of SIA.  Limited evidence would suggest these findings are not a proxy for socio-economic 

status, since no significant associations were identified in one study that assessed educational 

status and SIA risk [25].  One study investigated HRT as a lifestyle risk factor and no significant 

results were observed [23]. The associations identified in this study should be regarded as 

exploratory, and require further investigation. 

 

The magnitude of the observed associations for lifestyle factors, however, is relatively small 

compared with those known for the established non-modifiable risk factors of SIA. Namely, 

HNPCC, which is caused by a germline mutation of a DNA mismatch repair gene [14], and 

carries a varying risk of developing SIA depending on mutations and stage of syndrome. The 

relative risk estimate of SIA for MLH1 mutation ranges from 25 to 291 [47], and 103 for MSH2 

mutation [48]. However lifetime cumulative risk of SIA is low, between 0.6% and 1% [9,13]. 

Further, patients with Crohn’s disease or Peutz-Jeghers syndrome carry 12-fold and 52-fold 

increased risks of SIA, respectively [11,49]. Although the increased risk of SIA with lifestyle 

risk factors is much lower than the aforementioned risk factors, the results are still of 

importance due to the increasing incidence of the disease and potential to modify this.  

 

This systematic review has some limitations.  Several studies were excluded that studied the 

relationship between lifestyle risk factors and small intestine cancer as a single entity.  These 

were discarded because the histological types differ significantly in their biology, and different 

risk factors may be operating in each.  This review focussed on SIA for several reasons: it is 

the most common histological subtype, the incidence is rising, clinical diagnosis is difficult, 



and 5-year survival is poor [3,8].  Whilst we had to exclude studies that evaluated risk of small 

intestinal cancer overall, these generally found associations for lifestyle factors, in line with 

the findings in the current review [50-55].  The majority of published work has been of a case-

control nature, mainly due to the rarity of the disease.   Opportunities to improve study quality 

could be achieved through improved measurement of exposures or by establishing consortial 

studies, such as the included Asian Cohort Consortium [21] to provide information on a larger 

number of cases through pooling of data. Aside from this consortium, the remaining studies 

largely reflect Western populations, meaning that our conclusions have poor generalisability 

to other population groups. However, a major strength of this review is the inclusion of novel 

meta-analyses of smoking and alcohol in relation to SIA risk, which may guide future research 

directions in this area.  

  

In conclusion, high alcohol intake may be associated with an increased risk of SIA, and 

smoking may be associated with a non-significant increased risk. Red/processed meat and 

sugary drinks may be positively associated and fibre intake and normal body weight inversely 

associated with risk of SIA.  However, these links require further investigation.  Due to the low 

incidence of SIA, further case-control studies or large cohort studies would be welcome to 

address the paucity of evidence in this area.
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Table 1: Characteristics of studies of risk factors of small intestine adenocarcinoma. 

 
*Separate RR and 95% CI were not presented for smoking or alcohol use and SIA risk by Boffetta et al, therefore did not contribute to meta-analyses but are discussed in 
results text.  
NO scale score: Newcastle-Ottawa quality scale score (maximum score of 9).   
Adjusted confounders: Age; Sex; Follow-up time; Education; Family history of cancer, BMI: Body Mass Index; Physical activity; HRT: Hormone Replacement Therapy; 
Diet: Aspects of diet assessed as confounders were varied; Ethnicity: Ethnicity, race or country of origin. 

Study-year-location Study design Cases Controls/ 
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Cross et al. 2013, 
USA [23] 

Prospective 
cohort 

84 498,376 Self-reported 
124-item FFQ 

9 BMI,  
Smoking 
Alcohol  
Education 
Multivitamins, 
Physical activity 
HRT 

           

Boffetta et al. 2011, 
Asia [21] 

Prospective 
cohort 

49 527,592 Questionnaire 9 BMI  
Smoking*  
Alcohol* 

           

Schatzkin et al. 2008, 
USA [28] 

Prospective 
cohort 

60 492,321 Self-reported 
124-item FFQ 

9 Diet: fibre, 
wholegrains 

           

Cross et al. 2008, 
USA [24] 

Prospective 
cohort 

60 494,000 Self-reported 
124-item FFQ 

9 Diet: meats, fats            

Kaerlev et al. 2000, 
Denmark [25] 

Population based 
case-control  

79 2649 Questionnaire 7 Occupation            

Kaerlev et al. 2000, 
Denmark [26] 

Hospital based 
case-control  

70 2070 Questionnaire 9 Smoking  
Alcohol  

           

Negri et al. 1999, 
Italy [27] 

Hospital based 
case-control  

23 230 Questionnaire 6 BMI  
Smoking  
Alcohol  
Diet: multiple factors 
Education 

           

Wu et al. 1997,  
USA [29] 

Population based 
case- control  

36 998 Questionnaire 8 Smoking 
Alcohol   
Diet: multiple factors 

           

Chen et al. 1994, 
USA [22] 

Hospital based 
case- control 

19 52 Medical records 
reviewed 

6 Smoking  
Alcohol 

           



Table 2. Sensitivity analysis excluding individual studies from meta-analysis. 
 

 Pooled risk estimate 
(95% CI) 

I-squared 
(%) 

p-value 

Smoking    
Excluding Chen et al [22] 1.12 (0.70-1.79) 14.4% 0.64 
Excluding Cross et al [23] 1.37 (0.72-2.61) 46.7% 0.34 
Excluding Kaerlev et al [26] 1.15 (0.52-2.56) 50.1% 0.72 
Excluding Negri et al [27] 1.48 (0.91-2.42) 13.1% 0.12 
Excluding Wu et al [29] 1.20 (0.56-2.58) 53.4% 0.65 
Alcohol    
Excluding Chen et al [22] 1.31 (0.72-2.37) 46.0% 0.38 
Excluding Cross et al [23] 1.49 (0.71-3.17) 61.4% 0.30 
Excluding Kaerlev et al [26] 1.72 (0.77-3.87) 57.2% 0.19 
Excluding Negri et al [27] 1.82 (1.05-3.15) 28.0% 0.03 
Excluding Wu et al [29] 1.28 (0.67-2.47) 45.2% 0.46 

 
 
 
 

 



Figure1.  Flow diagram of study selection. 
 

 
 
 

Potentially relevant papers 
identified through search of 

MEDLINE (n = 344) 

Potentially relevant papers 
identified through search of 

EMBASE (n = 415) 

Potentially relevant papers 
identified through search of WEB 

OF SCIENCE (n = 1950) 

Number of records remaining after removal of reviews (n=2556) 

Number of records remaining after removal of duplicates (n=2319) 

Number of titles assessed for eligibility (n=2319) 

Number of abstracts assessed for eligibility (n=83) 

Number of full text articles assessed for eligibility (n=33) 

Number of articles included in systematic review after application of 
exclusion criteria (n=9) 

Reasons for exclusion:  
 No lifestyle risk factors: (n=6) 
 SIA results not given separate: (n=11) 
 Survival rates, not risk: (n=5) 
 Review: (n=1) 
 Duplicate study (n=1) 



Figure 2. Forest plot of highest versus lowest category of alcohol intake and small intestine 
adenocarcinoma risk 

 
Study-year 
(Measure of 
alcohol intake) 

Cases Controls  Relative Risk  
(95% CI) 

Study  
weight (%) 

      
Cross et al 2013 
(≥30 v 0-5g/d) 

84 498,376  1.72(0.6-4.9) 18.20 

Kaerlev et al 2000 
(≥25 v 0-12g/d) 

70 2070  1.1 (0.6-2.2) 
 

27.82 

Negri et al 1999 
(>2 v 0 drinks/d) 

23 230  0.59 (0.22-1.55) 19.73 

Wu et al 1997 
(80 v 0-79g/d) 

36 998  2.7 (1.1-6.7) 21.38 

Chen et al 1994 
(ever/never) 

19 52  4.0 (1.0-15.9) 12.87 

 
Total 

 
316 

 
501,726 

  
1.51 (0.83-2.75) 

 
100 

 
I-squared = 61.4%, p = 0.051 

         

          0.5     1       2    3    4    5      
             

  

 
 
 
 



Figure 3. Forest plot of highest versus lowest category of alcohol intake and small intestine 
adenocarcinoma risk (excluding Negri et al). 

 
 
Study-year 
(Measure of 
alcohol intake) 

Cases Controls  Relative Risk  
(95% CI) 

Study  
weight (%) 

      
Cross et al 2013 
(≥30 v 0-5g/d) 

84 498,376  1.72(0.6-4.9) 20.28 

Kaerlev et al 2000 
(≥25 v 0-12g/d) 

70 2070  1.1 (0.6-2.2) 
 

31.9 

Wu et al 1997 
(80 v 0-79g/d) 

36 998  2.7 (1.1-6.7) 26.2 

Chen et al 1994 
(ever/never) 

19 52  4.0 (1.0-15.9) 17.3 

 
Total 

 
209 

 
501,726 

  
1.82 (1.05-3.15) 

 
100 

 
I-squared = 28.0%, p = 0.033 
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Figure 4. Forest plot of highest versus lowest category of smoking and small intestine adenocarcinoma risk. 
 

Study-year 
(Measure of smoking 
exposure) 

Cases Controls  Relative Risk  
(95% CI) 

Study  
weight 
(%) 

      
Cross et al 2013 
(≥20 v 0 cigarettes/day) 

84 498,376  0.74 (0.22-2.40) 15.3 

Kaerlev et al 2000 
(≥26 v 0 pack years) 

70 2070  1.5 (0.8-2.8) 
 

31.9 

Negri et al 1999 
(ever/never) 

23 230  0.52 (0.18-1.57) 17.8 

Wu et al 1997 
(ever/never) 

36 998  1.4 (0.6-3.2) 24.3 

Chen et al 1994 
(ever/never) 

19 52  4.6 (1.0-20.7) 10.8 

 
Total 

 
148 

 
3350 

  
1.24 (0.71-2.17) 

 
100 

 
I-squared = 38.5%, p = 0.16 
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Appendix. Meta-analysis of Observational Studies in Epidemiology: MOOSE Checklist. 
 

Criteria Brief description of how the criteria were handled in the review
Reporting of background   
 Problem definition Introduction, page 3.
 Hypothesis statement Introduction, page 4.
 Description of study outcomes Methods, page 6 – ‘PICOS’ criteria outlined. 
 Type of exposure  Methods, page 6 – ‘PICOS’ criteria outlined. 
 Type of study designs used Methods, page 6 – ‘PICOS’ criteria outlined. 
 Study population Methods, page 6 – ‘PICOS’ criteria outlined. 
Reporting of search strategy should 
include 

 

 Qualifications of searchers Methods, page 6.
 Search strategy, including time 

period included in the synthesis and 
keywords 

Methods, page 5.

 Databases and registries searched Methods, page 5 – MEDLINE, EMBASE and Web of Science.
 Search software used, name and 

version, including special features 
Methods, page 5.

 Use of hand searching Methods, page 6.
 List of citations located and those 

excluded, including justifications 
Figure 1.

 Method of addressing articles 
published in languages other than 
English 

Methods, page 5.

 Method of handling abstracts and 
unpublished studies 

No searching of the grey literature performed. 

 Description of any contact with 
authors 

One corresponding author was contacted for additional information 
from a study, however no reply was received. 

Reporting of methods should include  
 Description of relevance or 

appropriateness of studies assembled 
for assessing the hypothesis to be 
tested 

Table 1.

 Rationale for the selection and 
coding of data 

Methods, Table 1.
 

 Assessment of confounding Table 1.
 Assessment of study quality, 

including blinding of quality 
assessors; stratification or regression 
on possible predictors of study results 

Table 1.

 Assessment of heterogeneity Figures 2-4, Table 2.
 Description of statistical methods in 

sufficient detail to be replicated 
Methods, page 7.

 Provision of appropriate tables and 
graphics 

Figure 1-4, Tables 1-2.

Reporting of results should include  
 Graph summarizing individual study 

estimates and overall estimate 
Figures 2-4.

 Table giving descriptive information 
for each study included 

Table 1.

 Results of sensitivity testing 
 

Figure 3, Table 2. 

 Indication of statistical uncertainty of 
findings 

Results text, Figures 2-4, Table 2.

Reporting of discussion should include  
 Quantitative assessment of bias Discussion, Strengths and Limitations, pages 12-16.. 



 
 Justification for exclusion All studies were excluded based on the pre-defined inclusion criteria.
 Assessment of quality of included 

studies 
Results, Table 1, Discussion pages 12-16.

Reporting of conclusions should include  
 Consideration of alternative 

explanations for observed results 
Discussion, pages 12-16.

 Generalization of the conclusions Discussion, page 16.
 Guidelines for future research Discussion, pages 12-16. 
 Disclosure of funding source Financial support statement, page 23. 

 


