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1

Lynch syndrome 

In 1913, Aldred Scott Warthin was the first to describe a family with a ‘family susceptibility’ 

to cancer1 (Figure 1). The disease running in family “G” was later identified as Lynch syndrome 

(LS)2. LS is caused by a dominantly inherited pathogenic variant in one of the DNA mismatch 

repair genes MLH1, MSH2, MSH6 or PMS23, or by a deletion of the EPCAM gene leading to 

epigenetic silencing of MSH24. An estimated 1 in 279 persons has LS5. Depending on the study, 

the lifetime risk of colorectal and endometrial cancer are estimated to be 12% to 97%6-10 and 

12% to 54%6-8, 10, 11, respectively. This is substantially higher compared with a lifetime risk of 

4% to 7% for colorectal and 2% to 3% for endometrial cancer in the general population of 

Western countries12, 13. LS is responsible for 1% to 3% of the colorectal cancer burden14 and 

1% to 4%15, 16 of the endometrial cancer burden. Apart from an increased risk of colorectal and 

endometrial cancer, persons with LS are also more often diagnosed with colorectal adenomas17, 

18, a precursor lesion of colorectal cancer19, and with cancer at other sites including the stomach, 

pancreas, small bowel, biliary tract, urinary tract and possibly breast8, 10, 20-22. Moreover, the 

median age of LS-associated cancers is estimated to be 4 to 11 years lower compared to the 

median age of cancer diagnosis for the general population8, 20, 23.  

Cancer risk estimates are highly variable within and between families with the same 

mutated gene6-8, 10. For example, for family “G”, in which a MSH2 gene mutation was 

responsible for LS2, initially a family susceptibility to gastric and endometrial cancer was 

described which shifted over generations to colorectal and endometrial cancer (Figure 1). The 

high variability in cancer risk estimates and the shift of the predominant cancers over time, 

suggests that, apart from having a LS-causing germline gene mutation, other factors may also 

be involved in cancer development for these persons. 

 

Lifestyle-related factors and tumour risk for persons with LS  

In the general population, it is suggested that about 40% of all cancer diagnoses can be 

prevented by a healthy lifestyle and avoidance of certain infectious agents, environmental 

pollution, occupational carcinogens and ionizing radiation24. There is convincing evidence that 

smoking, several dietary factors, physical activity, body fatness and height influence cancer 

risk25. Generalizing these results to persons with LS may be hampered due to the suggested 

distinctive molecular pathway of LS-associated tumour development compared to the majority 

of tumours diagnosed in the general population demonstrated by, for example, the presence of 

microsatellite instability (MSI) in almost all LS-associated tumours while MSI is present only  
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in the minority of tumours diagnosed in the general population26-36. Studies on the influence of 

lifestyle-related factors on cancer risks for persons with a LS-causing germline mutation have 

been published previously, but numbers are limited and the studies mainly focused on the risk 

of colorectal adenomas and colorectal carcinomas (i.e. colorectal tumours, Figure 2)37-52. The 

majority of these studies were performed with data of persons with LS participating in a 

prospective cohort study established by the Wageningen University to investigate the influence 

of Genetic, Environmental and Other factors on tumour risk for persons with LS (GEOLynch), 

and in the Colon Cancer Family Registry (CCFR).  

The seventeen performed studies on lifestyle-related factors and colorectal tumour risk 

suggest that smoking37, 40 and being overweight in adulthood (especially for men)38, 48, 52 

increase the risk for colorectal adenomas and/or colorectal carcinomas. Some studies showed 

an increased risk of colorectal adenomas and/or colorectal carcinomas with a higher body mass 

index (BMI) at young adulthood39, a higher alcohol intake46, 51, having a manual occupation44, 

when adhering more to a dietary “Snack” pattern41, and for each 5 kg weight gain in men38. In 

contrast, in other studies no associations were observed between adult BMI51, 52, smoking44, 49-

51, alcohol use37, 40, 44 and the risk of colorectal adenomas or colorectal carcinomas. Performing 

regular physical activity44, 47, long-term use of multivitamins and calcium supplements45, using 

non-steroidal anti-inflammatory drugs (NSAIDs)53, ever consumption of tea44 and being taller 

for men38 were observed to decrease colorectal adenoma or colorectal carcinoma risk for 

persons with LS. In contrast, no association was observed between dietary supplement use 

during the month before study inclusion42 and the risk of colorectal adenomas. In several 

studies, no associations were observed between various lifestyle factors including coffee 

consumption44, dietary vitamin B intake43, fruit44, vegetable44, seafood44, staple food44 or meat 

intake44, and the risk of colorectal adenomas or colorectal carcinomas. 

For persons with LS, six studies have been published on the association between 

lifestyle-related factors and the risk of cancer outside the colorectum (extra-colonic) (Figure 

2)48, 50, 54-57. For endometrial cancer, in one study was observed that using postmenopausal 

hormone replacement therapy increased the risk of endometrial cancer55. No associations were 

observed between BMI at young adulthood54, 55, adult BMI55, weight gain55, smoking55, alcohol 

intake55, hormonal contraceptive use55, and postmenopausal hormone replacement therapy 

use57, and endometrial cancer. In contrast, using hormonal contraceptives was observed to be 

associated with a decreased endometrial cancer risk in one study57. The few studies that 

investigated lifestyle-related factors and other (LS-associated) extra-colonic cancers, such as 

gastric, ovarian and breast cancer among LS populations, did not report evidence for  
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associations with adult BMI48, 56, smoking50, breastfeeding duration56, and hormonal 

contraceptive use56.  

In summary, studies on lifestyle-related factors and tumour risk for persons with LS are 

limited, often inconsistent or show null results. The inconsistency in results may be due to 

differences in study design (e.g. prospective cohort vs. case-control study), exposure (e.g. 

categorical vs. continuous), outcome (colorectal adenoma vs. carcinoma) (Figure 2), while the 

null results may be due to a limited power to detect weak associations or limited power as a 

consequence of subgroup analyses. These inconsistent and limited results for the influence of 

lifestyle-related factors on colorectal tumours and the lack of knowledge of those factors on 

extra-colonic cancers, warrants studies to identify such factors. Therefore, this thesis aims to 

evaluate associations between lifestyle-related factors and colorectal tumours, endometrial 

cancer and cancer at other sites for persons with LS.  

Knowing which lifestyle factors are associated with the risk of cancer for persons with 

LS, may provide support to change lifestyle habits. Until now, no quantitative research has been 

published in which prospectively measured changes in lifestyle habits after a tumour diagnosis 

were evaluated for persons with LS. Hence, this thesis also aimed at exploring if a colorectal 

tumour diagnosis is associated with changes in lifestyle habits for persons with LS. 

 

Aim of this thesis 

The overall aim of this thesis was to evaluate associations between lifestyle-related factors, i.e. 

the inflammatory potential of the diet, height and BMI at young adulthood (for rationale see 

below), and colorectal tumours and/or cancer at several sites for persons with LS. It was also 

explored whether a colorectal tumour diagnosis is associated with a change in lifestyle habits 

among persons with LS. The overall aim will assist in providing an answer to the question 

mentioned in the subtitle of this thesis: Genes load the gun, lifestyle pulls the trigger?. 

 

Rationale research questions, methods and thesis outline 

As previously described, the use of NSAIDs has been associated with a decreased risk of 

colorectal cancer for persons with LS in a prospective study53. A similar result was observed in 

a randomized controlled trial including persons with LS based on germline mutation testing or 

on a clinical suspicion for LS due to their personal and family history58. Both NSAIDs and diet 

are suggested to modulate (low-grade chronic) inflammation59-61. A previously developed 

dietary index that reflects the inflammatory potential of an individual’s habitual dietary intake, 

i.e. the (adapted) dietary inflammatory index, was shown to be associated with systemic low-
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grade chronic inflammation62-64. Therefore, the association between diet, as reflected by the 

inflammatory potential of the diet, and colorectal tumours has been evaluated for persons with 

LS in chapter 2 of this thesis. 

For persons with LS or suspected to have LS, conflicting results are reported for the 

association between height and colorectal tumours38, 65 while studies on height and extra-

colonic cancers are lacking. An increment in BMI, as a reflection of body fatness, at young 

adulthood was associated with a higher risk of colorectal cancer39, but not with colorectal 

adenomatous polyps38 or endometrial cancer54, 55. Hence, evaluating the association between 

both height and BMI at young adulthood and the risk of cancer for persons with LS is desirable. 

However, obtaining sufficient power for research on LS-associated cancers, especially LS-

associated extra-colonic cancers, is difficult because, despite the high relative increased risks 

of extra-colonic cancers for persons with LS, the absolute number of persons diagnosed with 

these cancers is still small. Therefore, to investigate height and BMI at young adulthood in this 

thesis, the number of participants of the GEOLynch study which started in 2006 in the 

Netherlands was extended and an international collaboration was established to obtain a 

substantial number of persons with LS who have been diagnosed with several types of cancer. 

Within this international collaboration data of persons with LS included in the GEOLynch 

study38 and data of persons with LS from the CCFR66, 67 – which were recruited between 1997 

and 2007 in Australia, New Zealand, Canada and the USA - has been harmonized. With this 

harmonized data, the association between height and the risk of both colorectal and endometrial 

cancer has been investigated in chapter 3. The harmonized data was also used to investigate 

the association between BMI at young adulthood and the risk of cancer at all sites and at extra-

colonic sites as presented in chapter 4.  

In chapter 5 it is explored if a colorectal tumour diagnosis is associated with a change 

in lifestyle habits for persons with LS with the use of GEOLynch data. Finally, in chapter 6, 

the results of this thesis are discussed, clinical implications are mentioned and 

recommendations for future research directions are provided. 
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Abstract 

Background Persons with Lynch syndrome (LS) have a high lifetime risk of developing 

colorectal tumors (CRTs) because of a germline mutation in one of their mismatch repair 

(MMR) genes. An important process in the development of CRTs is inflammation, which has 

been shown to be modulated by diet.  

Objective We aimed to investigate the association between the inflammatory potential of the 

diet and the risk of CRTs in persons with LS. 

Design We used dietary intake of 457 persons with LS from a prospective cohort study to 

calculate the adapted dietary inflammatory index (ADII). The ADII was split into tertiles in 

which the highest tertile reflects the most pro-inflammatory potential of the diet. Cox 

proportional hazard models, with robust sandwich variance estimates to adjust for dependency 

within families, were used to calculate hazard ratios (HR) and 95% confidence intervals (CI) 

of CRTs by ADII tertile. HRs were adjusted for age, smoking status, education level and 

number of colonoscopies as time-dependent variable. Potential effect measure modification was 

explored by stratifying the results by mutated MMR gene, sex and a history of CRTs. We 

performed sensitivity analyses by repeating the analyses in non-nonsteroidal anti-inflammatory 

drug (NSAID) users (N=315). 

Results During a median follow-up time of 59 months, 200 (43.8%) participants developed 

CRTs. No statistically significant association was found in the highest ADII tertile compared 

with the lowest (HRhighest vs. lowest tertile: 1.37 [95% CI: 0.80, 2.34]). Stratification by mutated 

MMR gene, sex and CRT history did not show significantly differential associations                   

(P-interactions≥0.64). In non-NSAID users, an HRhighest vs. lowest tertile of 1.60 (95% CI: 0.88, 2.93) 

was shown. No significant effect modification was shown in this group either                                  

(P-interactions≥0.24).  

Conclusion A pro-inflammatory potential of the diet does not seem to be statistically 

significantly associated with CRT risk in persons with LS.  
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Introduction 

Lynch syndrome (LS) is the most commonly occurring type of hereditary colorectal cancer 

responsible for 1% to 3% of the total colorectal cancer burden1. This autosomal dominant 

condition is caused by germline mutations in DNA mismatch repair (MMR) genes, i.e. MLH1, 

MSH2, MSH6 or PMS22, or by a mutation in the EPCAM gene which causes epigenetic 

silencing of MSH23. Carriers of those gene mutations have an increased risk of developing 

colorectal adenomas and the subsequent progression to carcinomas is accelerated compared 

with non-carriers4-6. Depending on the mutated gene, persons with LS have a lifetime risk of 

22-79% to develop colorectal cancer before the age of 70 years compared with about 5% in the 

general population3, 7-9.  

The high variability in lifetime risk of developing colorectal adenomas and carcinomas 

(i.e. colorectal tumors (CRTs)) in persons with LS, even if they carry the same mutation, 

supports the need to investigate potential modifiable risk factors. Diet has consistently been 

shown to modulate inflammation10. Chronic (low grade) inflammation has been directly linked 

to a higher risk of developing cancer in general11, 12. The role of low grade inflammation in the 

development of CRTs is well established by the results of several observational and intervention 

studies13, 14. In addition, non-steroidal anti-inflammatory drugs (NSAIDs) decreased the risk of 

sporadic as well as hereditary CRTs in many observational studies and randomized controlled 

trials15-17. However, because the use of aspirin and other NSAIDs is associated with adverse 

side effects, such as gastrointestinal bleeding, alternatives to the use of NSAIDs should be 

explored18-21.  

Dietary patterns are related to levels of inflammatory cytokines10. Therefore, Cavicchia 

et al. developed and validated the dietary inflammatory index (DII) which assesses the 

inflammatory potential of the diet based on literature-derived dietary inflammatory weights of 

energy and several nutrients22, 23. Subsequently, van Woudenbergh et al. developed and 

validated the adapted dietary inflammatory index (ADII). This adjusted DII reduces the 

between-person variation in dietary intake, avoids that the variation in the DII was driven by a 

few dietary components with a large range in intake, and avoids an overestimation of the 

inflammatory effect of energy, fat and ethanol24.  

By using these indexes, it was observed that a diet with a high inflammatory potential 

was associated with a 20% to 22% increased incidence of sporadic colorectal cancer in two 

prospective cohort studies in postmenopausal women25, 26. Similar associations were reported 

in three case-control studies and two prospective cohort study which included men and women 
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of all ages27-31. However, in the prospective studies, increased associations in both men and 

women were found but it was not always significant in women30, 31 .  

Hence, diet may be a promising modifiable alternative to the use of NSAIDs to decrease 

chronic low grade inflammation and consequently the development of CRTs in persons with 

LS. Therefore, we aimed to prospectively investigate the association between the inflammatory 

potential of the diet and the risk of CRTs among MMR gene mutation carriers.  
 

Methods 

Study population 

For this study, we used data from participants of the GEOLynch study32. Briefly, this 

prospective cohort study started in 2006 after approval of the Medical Ethical Review 

Committee Region Arnhem-Nijmegen. Persons with LS, i.e. with a confirmed mutation in one 

of the DNA MMR genes MLH1, MSH2, MSH6 or PMS2, were included. Between July 2006 

and July 2008, eligible participants were identified through the Netherlands Foundation for the 

Detection of Hereditary Tumors in Leiden, the Radboud University Medical Center in 

Nijmegen and the University Medical Center in Groningen, the Netherlands. Participants, aged 

18 to 80 years, had to be Dutch-speaking, mentally competent to participate and undergo regular 

colonoscopy surveillance. Exclusion criteria included terminally ill participants, those living 

outside the Netherlands and those with familial adenomatous polyposis, inflammatory bowel 

diseases, proctocolectomy or colostomy, resulting in 686 presumed eligible participants. 

Seventy-three percent (n=501) agreed to participate and gave written informed consent (Figure 

1). Nine participants appeared ineligible after signing the informed consent and were excluded. 

Additionally for this study, participants with incomplete questionnaires (n=11), incomplete 

medical data (n=23) or who were pregnant (n=1) were excluded, resulting in 457 participants 

for the analyses. 

 

Exposure assessment 

Dietary intake was assessed using a self-administered food frequency questionnaire (FFQ) 

developed and validated by the Division of Human Nutrition, Wageningen University & 

Research33, 34. The FFQ contained 183 items and was designed to assess habitual food intake 

during the previous month by asking the frequency and amounts of eaten food items. All food 

items were converted to intake of energy and nutrients by using the Dutch Food Composition 

Database 2006 (NEVO). Caffeine intake was not included in the NEVO and therefore estimated  
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Figure 1. Flowchart of included participants between July 2006 and July 2008 in the GEOLynch 
cohort study. 

 

based on mean caffeine concentrations of 68.0 mg/100 g coffee35 and 20 mg/100 g black or 

green tea36.  

We assessed the inflammatory potential of the diet by calculating the ADII as described 

by van Woudenbergh et al.24. Briefly, we used the residual method37 to retrieve energy-adjusted 

intakes of saturated fatty acids, trans fatty acids, carbohydrates, cholesterol, vitamin B12, iron, 

protein, monounsaturated fatty acids (MUFA), riboflavin, thiamine, caffeine, omega-6 

polyunsaturated fatty acids (PUFA), omega-3 PUFA, folate, selenium, niacin, ethanol, zinc, 

vitamin B6, vitamin A, vitamin E, vitamin C, vitamin D, quercetin, magnesium, tea, beta-

carotene and fiber. Intakes of eugenol, flavan-3-ol, flavones, flavonones, isoflavones, 

anthocyanidins, garlic, ginger, saffron, pepper, thyme/oregano, rosemary, onions and turmeric 

could not be calculated with the FFQ and were therefore not taken into account to investigate 

the inflammatory potential of the diet. Subsequently, the energy-adjusted intakes were 

standardized by subtracting the participants’ mean intake from the individual intake and then 

dividing the difference by the standard deviation (SD) of the participants’ intake which resulted 

in an individual Z-score for each food component. Next, Z-scores were multiplied by their 

corresponding inflammatory weight (Table 1)23. An inflammatory weight of zero was allocated  
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Table 1. Dietary components included in the adapted dietary inflammatory index and their 
inflammatory weights. 
Components Units Inflammatory weight1  

Saturated fatty acids g/d 0.373 

Trans fatty acids g/d 0.229 

Cholesterol mg/d 0.110 

Vitamin B12 µg/d 0.106 

Carbohydrate g/d 0.097 

Iron mg/d 0.032 

Protein g/d 0.021 

MUFA g/d -0.009 

Riboflavin mg/d -0.068 

Thiamine mg/d -0.098 

Caffeine g/d -0.110 

n6 PUFA g/d -0.159 

Folate µg/d -0.190 

Selenium mg/d -0.191 

Niacin mg/d -0.246 

Ethanol2 g/d -0.278 

Zinc mg/d -0.313 

Vitamin B6 mg/d -0.365 

Vitamin A µg/d -0.401 

Vitamin E mg/d -0.419 

Vitamin C mg/d -0.424 

n3 PUFA g/d -0.436 

Vitamin D µg/d -0.446 

Quercetin mg/d -0.467 

Magnesium mg/d -0.484 

Tea3 g/d -0.536 

Beta-carotene µg/d -0.584 

Fiber g/d -0.663 
1Dietary components with a positive inflammatory weight were considered pro-inflammatory, while those with 
a negative inflammatory weight were considered anti-inflammatory23. 2Ethanol is not likely to be anti-
inflammatory when intakes exceeds 40 grams/day38. Hence, the dietary inflammatory weight was assumed to 
be zero for alcohol intake over 40 grams/day. 3Tea intake was included because epicatechin intake could not be 
calculated. MUFA: monounsaturated fatty acids, PUFA: polyunsaturated fatty acids. 
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to ethanol if ethanol intake exceeded 40 grams per day because the anti-inflammatory effects 

of ethanol seem to diminish with an intake that exceeds 40 grams a day38. The multiplied Z-

scores were subsequently summed to create one ADII score in which a negative score indicates 

an anti-inflammatory potential of the diet while a positive score indicates a pro-inflammatory 

potential of the diet. 

 

Identification of colorectal tumor cases 

Participants were followed prospectively by regularly reviewing medical records and pathology 

reports to obtain medical information about performed colonoscopies, surgical interventions 

and diagnoses of colorectal adenomas and carcinomas. Also, information on all previously 

performed colonoscopies, surgical interventions and diagnoses of colorectal adenomas and 

carcinomas was collected.  

 

Covariate assessment 

Demographic and lifestyle information was collected through a self-administered questionnaire 

about current height and weight, sex, date of birth, education level (low, i.e. finished primary 

school or lower vocational or lower general secondary education; middle, i.e. finished general 

secondary school, pre-university education or vocational education; high, i.e. finished higher 

professional education or university), smoking habits (current, former, never), NSAID use 

(never, i.e. less than once a month, vs. ever, i.e. equal to or more than once a month) and 

physical activity. The body mass index (BMI) was calculated by dividing the weight (kg) by 

the squared height (m) and subsequently categorized as being overweight (BMI ≥25 kg/m2) or 

not (BMI <25 kg/m2)39. Physical activity was measured with a modified Baecke questionnaire40, 

41 and categorized in tertiles representing an inactive, moderately active and highly active life 

style.  

 

Data analyses 

Summary statistics were used to describe the baseline characteristics of the total cohort and 

stratified by ADII tertiles with the lowest tertile reflecting the most anti-inflammatory diet. 

Differences in baseline characteristics between ADII tertiles were tested with a Chi-squared 

test or Fisher’s exact test for categorical variables and an ANOVA or Kruskall-Wallis test for 

continuous variables. The contribution of the individual dietary components to the variation in 

the ADII between participants was assessed by using forward linear regression. The partial R2 
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of the components in the final model was used to estimate those component’s contribution to 

the ADII adjusted for the influence of other included dietary components.  

Cox proportional hazard models were used to calculate hazard ratios (HR) and 95% 

confidence intervals (CI) of the association between the inflammatory potential of the diet, 

reflected by the ADII score, and risk of developing CRTs. A robust sandwich covariance 

estimate was used to account for dependence of observations within families42, 43. Person time 

started on the colonoscopy date closest to questionnaire completion and ended on the date 

halfway between the colonoscopy in which the first pathology-confirmed CRT was diagnosed 

and the previous clean colonoscopy. Participants without a CRT diagnosis during follow-up 

were censored at the date of their last known colonoscopy. Participants who died during follow-

up (n=31) were censored at their last clean colonoscopy if no CRT was diagnosed before death. 

Nine participants were included in a trial during follow-up and hence censored to prevent an 

interference with our results. Their person time ended at the date of their last known 

colonoscopy before trial-inclusion if no CRT was diagnosed before that date.  

The selection of potential confounders was based on literature and a significant 

association with the exposure and outcome in univariate analyses. HR were adjusted for age 

(years), smoking status, education level and number of colonoscopies as a time-dependent 

covariate. In addition, in the main analysis in all participants, a model was run that also included 

BMI and physical activity because published studies have shown that BMI and physical activity 

are associated with CRT risk32, 44. Tests for linear trend across tertiles were conducted by 

modelling the median value of each tertile as a continuous variable in the model. The 

proportionality assumption was tested for statistical significance with Schoenfeld residuals. All 

covariates met the proportional hazard assumption. 

Stratification by the two predominant mutated genes (MLH1 and MSH2), by sex and by 

a history of CRTs were performed to explore potential effect measure modification. Interaction 

terms between the covariate and the ADII tertiles were added to the model to determine a 

significant (p<0.05) heterogeneity across the strata.  

To investigate whether NSAID use affects the association between ADII and CRTs, 

NSAID users (i.e. those who used NSAIDs equal to or more than once a month) were excluded 

in the sensitivity analyses, leaving 69% of the cohort (n=315).  

All statistical tests were two-sided and a p-value<0.05 was considered significant. Data 

were analyzed with the use of SAS software version 9.3 of the SAS System for Windows (SAS 

Institute Inc.).  
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Results 

During a median follow-up time of 58.8 [quartile 1-quartile 3: 33.7-74.8] months, 200 (43.8%) 

individuals developed a CRT (182 colorectal adenomas and 18 colorectal carcinomas). ADII 

scores ranged from -11.7 to 8.4 with a mean of -0.9 (SD 2.6) (Table 2). The variance in ADII 

scores was mainly explained by the intake of quercetin (48%) followed by folic acid (15%) and 

trans fatty acids (14%) (Table 3). Individuals in the first ADII tertile (i.e. with the most anti-

inflammatory potential of the diet) were significantly older, less often current smokers and had 

a higher energy intake than those of individuals in the second ADII tertile (i.e. hardly any pro- 

or anti-inflammatory potential of the diet) and third ADII tertile (i.e. with the most pro-

inflammatory potential of the diet). Moreover, individuals in the first ADII tertile were more 

often men, were less often overweight, were higher educated and were more often highly active, 

but these differences did not reach statistical significance (Table 2).  

 

Adapted dietary inflammatory index and colorectal tumor risk in all participants 

A HR of 1.37 (95% CI: 0.80, 2.34) for CRT risk was shown in participants in the third ADII 

tertile compared with participants in the first ADII tertile after correction for the effect of age, 

smoking status, education level and number of colonoscopies during follow-up (Table 4). No 

significant linear trend across the ADII tertiles was observed (P-trend=0.33). The risk estimate 

did not change after further adjusting for BMI and physical activity (HRADII tertile 3 vs. 1: 1.44, 

95% CI: 0.88, 2.34; P-trend=0.25) (data not shown). 

 

Stratified colorectal tumor risk estimates in all participants 

Stratification by mutated gene, resulted in HRs of 1.67 (95% CI: 0.90, 3.12) and 1.29 (95% CI: 

0.52, 3.18) in those with a mutated MLH1 and MSH2 gene, respectively, in the third ADII tertile 

compared with in the first ADII tertile, which were not significantly different (P-

interaction=0.64) (Supplemental table S1).  

In addition, significantly different HRs were not shown after stratification by sex or 

CRT history when participants in the third ADII tertile were compared with participants in the 

first ADII tertile in the adjusted model (P-interactions of 0.66 and 0.82 respectively) 

(Supplemental table S1). 
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Table 2. Baseline characteristics of the participants by tertiles of the adapted dietary inflammatory 
index (N=457).1 

 All participants ADII tertile 1 ADII tertile 2 ADII tertile 3 

 (-11.7, 8.4) (-11.7, <-1.8) (-1.8, <0.3) (0.3, 8.4) 

 (N=457) (n=152) (n=152) (n=153) 

Age (years)2 49.5 ± 11.5 52.0 ± 10.8 50.1 ± 11.6 46.4 ± 11.6 

Follow-up time 

(months)3 

58.8 

[33.3-73.9] 

52.5 

[33.3-73.9] 

59.3 

[35.8-76.0] 

59.6 

[30.3-75.7] 

Men 187 (40.9) 67 (44.1) 60 (39.5) 60 (39.2) 

BMI     

   ≥25 (kg/m2) 191 (41.8) 55 (36.2) 61 (40.1) 75 (49.0) 

Education level4     

   Low 143 (31.3) 45 (29.6) 42 (27.6) 56 (36.6) 

   Middle 151 (33.0) 42 (27.6) 59 (38.8) 50 (32.7) 

   High 158 (34.6) 64 (42.1) 49 (32.2) 45 (29.4) 

Physical activity 

tertiles4 

    

   Low 146 (32.0) 44 (28.9) 42 (27.6) 60 (39.2) 

   Moderate 155 (33.9) 50 (32.9) 57 (37.5) 48 (31.4) 

   High 148 (32.4) 56 (36.8) 49 (32.2) 43 (28.1) 

Smoking status2,4     

   Current 81 (17.7) 15 (9.9) 23 (15.1) 43 (28.1) 

   Former 201 (44.0) 78 (51.3) 74 (48.7) 49 (32.0) 

   Never 174 (38.1) 59 (38.8) 54 (35.5) 61 (39.9) 

Energy intake 

(kcal/day)2,3 

2067.6 

[1690.5-2557.0] 

2337.5 

[1836.6-2719.8] 

1952.2 

[1614.1-2453.5] 

2004.1 

[1664.7-2508.7] 

No. of 

colonoscopies5 

    

   ≤2 208 (45.5) 65 (42.8) 72 (47.4) 71 (46.4) 

   3 129 (28.2) 43 (28.3) 39 (25.7) 47 (30.7) 

   ≥4 120 (26.3) 44 (28.9) 41 (27.0) 35 (22.9) 

NSAID use (yes) 132 (28.9) 48 (31.6) 36 (23.7) 48 (31.4) 

Colorectal tumor 

history (yes) 

 

228 (49.9) 

 

78 (51.3) 

 

73 (48.0) 

 

77 (50.3) 
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Table 2 continued. 

 All participants ADII tertile 1 ADII tertile 2 ADII tertile 3 

MMR genes     

   MLH1 176 (38.5) 61 (40.1) 62 (40.8) 53 (34.6) 

   MSH2 184 (40.3) 59 (38.8) 57 (37.5) 68 (44.4) 

   MSH6 94 (20.6) 30 (19.7) 32 (21.1) 32 (20.9) 

   PMS2 3 (0.7) 2 (1.3) 1 (0.7) - 
1Characteristics expressed as mean ± SD or n (%). 2P-value < 0.05. Differences between the ADII tertiles were 
tested with a Chi-squared test or Fisher’s exact test for categorical variables and an ANOVA or Kruskall-Wallis 
test for continuous variables. 3Energy intake and follow-up time are expressed as median [quartile 1-quartile 3]. 
4The sum of the percentages doesn’t reach 100% due to eight missing values for physical activity, one missing 
value for smoking and five missing values for education level. 5Total number of colonoscopies during follow-
up time. ADII: adapted dietary inflammatory index, BMI: body mass index, MMR: mismatch repair, NSAID: 
non-steroidal anti-inflammatory drug.  

 

Table 3. Explained inter-individual variance in the adapted dietary inflammatory index by dietary 
components included in the calculation of the adapted dietary inflammatory index (N=457).1 
Components Partial R2 

Quercetin  0.48 

Folic acid 0.15 

Trans fatty acids  0.14 

Vitamin E  0.07 

Carbohydrate  0.03 

Fiber  0.03 

Tea  0.02 

MUFA  0.01 

Niacin 0.01 

Vitamin D 0.01 

Other components 0.04 
1Forward linear regression was used to calculate the partial R2. Components that explained more than 1% of the 
inter-individual variation in the final model are shown. MUFA: monounsaturated fatty acids. 

 

Adapted dietary inflammatory index and colorectal tumor risk in non-NSAID users 

In the sensitivity analyses, NSAID-users were excluded leaving 315 individuals with a median 

follow-up time of 59.2 months (quartile 1-quartile 3: 31.2-74.8) in which 145 (46%) individuals 

were diagnosed with a CRT (133 colorectal adenomas and 12 colorectal carcinomas). 

Compared with individuals in the first ADII tertile, individuals in the third ADII tertile had a 
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HR of 1.60 (95% CI: 0.88, 2.93) to develop CRTs (Table 4). No linear trend across the ADII 

tertiles was observed (P-trend=0.15). 

 

Table 4. Hazard ratios (HRs) and 95% confidence intervals (CI) for colorectal tumor risk across tertiles 
of the adapted dietary inflammatory index for all participants (N=457) and in non-NSAID users only 
(N=315). 
ADII Cases  Total follow-

up time  

Crude model Adjusted model1 

 (N) (Months) HR 95% CI HR 95% CI 

All participants      

Tertile 1 67 7983.5 1.00  Reference 1.00  Reference 

Tertile 2 57 8393.0 0.80  0.58, 1.11 0.70  0.43, 1.15 

Tertile 3 76 8077.6 1.11  0.79, 1.57 1.37  0.80, 2.34 

P-trend2 - - 0.61 0.33 

Non-NSAID users3       

Tertile 1 49 5593.4 1.00 Reference 1.00 Reference 

Tertile 2 39 5817.2 0.76  0.51, 1.14 1.01  0.63, 1.62 

Tertile 3 57 5344.2 1.21  0.83, 1.78 1.60  0.88, 2.93 

P-trend2 - - 0.45 0.15 
1Hazard ratio adjusted for age, smoking status, education level and number of colonoscopies as time-dependent 
variable. 2Two-sided p-value for test of linear trend calculated using median values for each tertile of the adapted 
dietary inflammation index. 3ADII tertile range among non-NSAID users: tertile 1: -9.1, <-1.6, tertile 2: -1.6, <0.3 
and tertile 3: 0.3, 8.4. ADII: adapted dietary inflammatory index, NSAID: non-steroidal anti-inflammatory drug. 

 

Stratified colorectal tumor risk estimates in non-NSAID users 

Stratification of the non-NSAID users by mutated gene resulted in an increased HR among 

MLH1 mutation carriers (Supplemental table S2). For these carriers, a HR of 2.36 (95% CI: 

1.05, 5.30) was found for individuals in the third ADII tertile compared with those in the first 

ADII tertile. In non-NSAID using MSH2 mutation carriers, a HR of 1.17 (95% CI: 0.45, 3.06) 

was shown (Supplemental table S2). Again, the associations were not significantly different 

between MLH1 and MSH2 mutation carriers (P-interaction=0.52). 

Stratifying the results of participants who did not use NSAIDs by sex or history of CRT 

did not show significant interactions when participants in the third ADII tertile were compared 

with participants in the first ADII tertile (P-interactions of 0.24 and 0.55 respectively) 

(Supplemental table S2).  
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Discussion 

We did not observe a significant association between a pro-inflammatory potential of the diet 

and the risk of LS associated CRTs. Repeating the analyses among non-NSAID users only, 

revealed a slightly higher, but still not significant HR.  

To the best of our knowledge, this is the first study that investigated the association 

between the inflammatory potential of the diet and CRT risk in persons with a genetic 

predisposition to cancer. Earlier studies have been performed on the inflammatory potential of 

the diet and colorectal cancer risk in the general population. In those studies, increased risks of 

20% to 116% were found when individuals with the most pro-inflammatory potential of their 

diet were compared with those with the most anti-inflammatory potential of their diet25-31. In 

our study, we found statistically non-significant results in the same direction with a HR of 1.37 

(95% CI: 0.80, 2.34) when all participants were included and a HR of 1.60 (95% CI: 0.88, 2.34) 

in non-NSAID users only. Associations in the same direction in non-NSAID users for colorectal 

cancer risk were found among postmenopausal women by Shivappa et al. with a HRquintile 5 vs. 

quintile 1 of 2.02 (95% CI: 1.21, 3.39) and by Tabung et al. with a HRquintile 5 vs. quintile 1 of 1.31 

(95% CI: 1.05, 1.65)25, 26. These results could be in line with evidence suggesting a protective 

role of anti-inflammatory drugs on CRT risk15-17 because a pro-inflammatory potential of the 

diet tends to increase CRT risk, especially in non-NSAID users.  

A pro-inflammatory potential of the diet may influence colorectal cancer risk 

systemically by increasing insulin resistance45-47. The metabolic consequences of insulin 

resistance, e.g. hyperinsulinemia, promote colorectal cell proliferation and reduce apoptosis46. 

Moreover, diet may also influence focal loss of the epithelial cell barrier function which may 

lead to an inflammatory response and ultimately colorectal cancer45. However, the importance 

of these mechanisms in LS associated CRT development may be relatively small compared 

with the influence of the MMR gene mutation that causes microsatellite instability (MSI) high 

colorectal cancers48-51. The MSI pathway to colorectal cancer is often seen in colorectal cancers 

of persons with LS but is less common among colorectal cancer in the general population48, 49. 

However, the presence of tumor infiltrating lymphocytes (TILs) and Crohn’s like lymphocytes 

in many LS related CRT tissues indicate an important role of inflammation in LS too52-54. 

Nevertheless, this local inflammatory response is expected to suppress instead of promote 

tumorigenesis since the presence of TILs in colorectal cancers improve survival55 and 

diminishing the immune response found in mucosa of persons with LS seems to trigger the 

development of colorectal cancer56. This inflammatory response is suggested to be a 

consequence of the loss of (functional) MMR proteins52, 56 and is therefore probably not the 
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results of systemic chronic inflammation, which is assessed by the ADII. The statistically non-

significant findings of our study could hence reflect reality and might support a hypothesis that 

a less pro-inflammatory diet may be more beneficial to decrease sporadic colorectal cancer in 

the general population than it is for CRTs in persons with LS. 

In this study, most (91.0%) of the diagnosed CRTs during follow-up were colorectal 

adenomas (i.e. the precursor lesion of colorectal cancer57). Not all colorectal adenomas will 

progress to cancer. Hence, the association between the inflammatory potential of the diet and 

colorectal adenoma or colorectal cancer risk may differ. However, to the best of our knowledge, 

no studies investigating the association between the inflammatory potential of the diet and 

colorectal adenoma risk have been published. Nevertheless, some studies have been performed 

to investigate the influence of single food items or nutrients, or food patterns on CRT risk in 

(suspected) MMR gene mutation carriers. In the same direction as our results, fruit and fiber, 

which contain mainly food components with an anti-inflammatory diet potential, seemed to be 

inversely associated with CRT risk in persons with confirmed or suspected LS58. Moreover, a 

HR of 2.16 (95% CI: 1.03, 4.49) for colorectal adenomas risk was found among MMR gene 

mutation carriers in the highest tertile of the “Snack” pattern, which is mainly loaded on food 

items that consist of components with a pro-inflammatory diet potential, compared with the 

lowest tertile59. In contrast to what would be expected based on their inflammatory weight, no 

statistically significant associations for alcohol and vitamin B intake and CRT risk were found 
58, 60-62. No association between meat intake and CRT risk was found either58, 63 which cannot 

be easily compared with our results because meat contains proinflammatory (e.g. saturated fat) 

as well as anti-inflammatory (e.g. vitamin B6) food components. Therefore, based on the results 

of earlier published studies and our result, we cannot yet conclude if the influence of the 

inflammatory potential of the diet may be different for colorectal adenoma risk compared with 

colorectal cancer risk in persons with LS. 

Strengths of the current study include the inclusion of confirmed MMR gene mutation 

carriers only, the high participation rate and the prospective design with a relatively long 

follow-up. In addition, we were able to measure a large number of potential confounders and a 

validated FFQ33, 34 was used to measure each individual’s dietary intake.  

In contrast to most published studies, we used the ADII while the DII was used in the 

majority of studies in which the inflammatory potential of the diet was investigated. In our 

study, the DII was mostly explained (72%) by the intake of fiber and repeating the analyses 

with DII tertiles resulted in similar and weaker associations compared with using ADII tertiles 

(data not shown). The ADII better reflected the inflammatory potential of the complete diet in 
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this study. In addition, the ADII has been validated in adults against a summary score of low-

grade inflammation including C-reactive protein (CRP), interleukin (IL) 6, IL-8, tumor necrosis 

factor alpha (TNF-α), serum amyloid A and soluble intercellular adhesion molecule 124 while 

the DII has been validated against CRP, IL-6, TNFα-receptor 2 and homocysteine64-66. Hence, 

the ADII is suitable to estimate the inflammatory potential of the diet and was preferred in this 

study. 

For our ADII calculations, we used 28 out of 45 food components with an inflammatory 

weight23. Three (total fat, total energy intake and PUFA) of the 45 components were excluded 

to avoid overestimation of the inflammatory effect24 and 14 of the 45 components were 

excluded because the dietary intake could not be measured with the used FFQ. All the 

unmeasured components had an anti-inflammatory diet potential according to their 

inflammatory weight with the lowest inflammatory weight of turmeric (-0.785) and the highest 

of rosemary (-0.013). This may have resulted in non-differential misclassification and hence an 

underestimation of the results. However, the ADII measured with 28 included food components 

still reflects the inflammatory potential of the diet as it has been validated against a summary 

score of low-grade inflammation24.  

Finally, our study is one of the largest studies with confirmed MMR gene mutation 

carriers to date. With our number of participants, a power of at least 80% was reached for an 

effect size equal to or larger than 1.63 at a 5% significance level. Although similar effect 

estimates have been observed in other publications27, 29, our effect sizes were mostly below 

1.63, and thus, our study with 457 participants may thus still have resulted in limited power. 

In conclusion, our results do not show a significant association between a pro-

inflammatory potential of the diet and CRT risk in persons with LS. The results might support 

previous evidence that CRTs in persons with LS arise from a different pathway than sporadic 

CRTs. Verification of these results in another and larger prospective cohort study among 

persons with LS would be desirable before investigating if and how modifying the diet of 

persons of LS in clinical practice could be useful to decrease CRT risk.  
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Supplemental tables 

Supplemental table S1. Hazard ratios (HRs) and 95% confidence intervals (CI) for colorectal tumor 
risk across tertiles of the adapted dietary inflammatory index stratified by the two predominant mutated 
genes (MLH1 and MSH2), sex and colorectal tumor history. 
ADII Cases  Total follow-

up time  

Crude model Adjusted modela 

 (N) (Months) HR 95% CI HR 95% CI 

Mutated gene       

MLH1 (N=176)       

Tertile 1 25 3235.8 1.00  Reference 1.00  Reference 

Tertile 2 22 3477.6 0.83 0.53, 1.29 0.44 0.22, 0.90 

Tertile 3 29 2635.9 1.42 0.83, 2.43 1.67  0.90, 3.12 

P-trendb - - 0.26 0.30 

MSH2 (N=184)     

Tertile 1 30 3095.0 1.00  Reference 1.00  Reference 

Tertile 2 18 3260.0 0.56  0.32, 0.98 0.69 0.33, 1.47 

Tertile 3 36 3561.4 1.02 0.60, 1.75 1.29 0.52, 3.18 

P-trendb - - 0.98 0.58 

P-interactionc - - 0.55 0.64 

Sex       

Women (N=270)       

Tertile 1 35 4578.4 1.00 Reference 1.00 Reference 

Tertile 2 33 5280.0 0.80 0.51, 1.28 0.84 0.43, 1.64 

Tertile 3 43 4859.0 1.15 0.72, 1.84 1.52 0.81, 2.86 

P-trendb - - 0.60 0.22 

Men (N=187)       

Tertile 1 32 3405.1 1.00 Reference 1.00 Reference 

Tertile 2 24 3113.0 0.82 0.51, 1.31 0.56 0.29, 1.08 

Tertile 3 33 3218.6 1.10 0.68, 1.76 1.17 0.52, 2.62 

P-trendb - - 0.77 0.91 

P-interactionc - - 0.98 0.66 

Colorectal tumor history      

No (N=229)       

Tertile 1 30 4060.6 1.00 Reference 1.00 Reference 

Tertile 2 26 4552.4 0.77 0.46, 1.28 0.62  0.27, 1.43 
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Supplemental table S1 continued. 

ADII Cases  Total follow-

up time  

Crude model Adjusted modela 

 (N) (Months) HR 95% CI HR 95% CI 

Tertile 3 31 4204.5 1.00 0.58, 1.72 1.42  0.68, 2.99 

P-trendb - - 0.94 0.92 

Yes (N=228)       

Tertile 1 37 3922.9 1.00 Reference 1.00 Reference 

Tertile 2 31 3840.6 0.84 0.54, 1.32 0.64 0.36, 1.13 

Tertile 3 45 3873.1 1.21 0.77, 1.88 1.08 0.57, 2.07 

P-trendb - - 0.45 0.87 

P-interactionc - - 0.85 0.82 
aHazard ratio adjusted for age, smoking status, education level number of colonoscopies as time-dependent 
variable. bTwo-sided p-value for test of linear trend calculated using median values for each tertile of adapted 
dietary inflammation index. cThe p-value for interaction was calculated by adding an interaction term with the 
covariate and ADII tertile in the model. ADII: adapted dietary inflammatory index. 

 

  



46	 CHAPTER 2
 

Supplemental table S2. Hazard ratios (HRs) and 95% confidence intervals (CI) for colorectal tumor 
risk in non-NSAID users (N=315) across tertiles of the adapted dietary inflammatory index stratified by 
the two predominant mutated genes (MLH1 and MSH2), sex and colorectal tumor history. 
ADIIa Cases  Total follow-

up time  

Crude model Adjusted modelb 

 (N) (Months) HR 95% CI HR 95% CI 

Mutated gene       

MLH1 (N=121)       

Tertile 1 12 2235.5 1.00  Reference 1.00  Reference 

Tertile 2 14 2480.3 1.05 0.49, 2.27 0.98 0.43, 2.26 

Tertile 3 22 1933.6 2.11 1.03, 4.32 2.36 1.05, 5.30 

P-trendc - - 0.06 0.07 

MSH2 (N=120)     

Tertile 1 25 2175.7 1.00  Reference 1.00  Reference 

Tertile 2 11 2060.6 0.45 0.24, 0.85 0.58 0.28, 1.20 

Tertile 3 25 2037.0 1.06 0.59, 1.88 1.17 0.45, 3.06 

P-trendc - - 0.92 0.83 

P-interactiond - - 0.23 0.52 

Sex       

Women (N=183)       

Tertile 1 26 3268.2 1.00 Reference 1.00 Reference 

Tertile 2 23 3432.1 0.83 0.49, 1.40 1.38 0.75, 2.55 

Tertile 3 33 3120.9 1.32 0.80, 2.19 1.78 0.86, 3.70 

P-trendc - - 0.36 0.12 

Men (N=132)       

Tertile 1 23 2325.1 1.00 Reference 1.00 Reference 

Tertile 2 16 2385.0 0.68 0.38, 1.24 0.67 0.29, 1.60 

Tertile 3 24 2223.3 1.10 0.66, 1.83 1.42 0.59, 3.40 

P-trendc - - 0.87 0.51 

P-interactiond - - 0.84 0.24 

Colorectal tumor history      

No (N=157)       

Tertile 1 24 2562.4 1.00 Reference 1.00 Reference 

Tertile 2 20 3181.7 0.66 0.38, 1.17 1.26 0.50, 3.20 

Tertile 3 26 2852.4 0.98 0.55, 1.75 1.20 0.38, 3.75 
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Supplemental table S2 continued. 

ADIIa Cases  Total follow-

up time  

Crude model Adjusted modelb 

 (N) (Months) HR 95% CI HR 95% CI 

P-trendc - - 0.85 0.74 

Yes (N=158)       

Tertile 1 25 3031.0 1.00 Reference 1.00 Reference 

Tertile 2 19 2635.5 0.84 0.46, 1.54 1.00  0.49, 2.04 

Tertile 3 31 2491.8 1.44 0.84, 2.48 1.53 0.66, 3.53 

P-trendc - - 0.25 0.34 

P-interactiond - - 0.59 0.55 
aADII tertile range among non-NSAID users: tertile 1: -9.1, <-1.6, tertile 2: -1.6, <0.3 and tertile 3: 0.3, 8.4. bHazard 
ratio adjusted for age, smoking status, education level and number of colonoscopies as time-dependent variable. 
cTwo-sided p-value for test of linear trend calculated using median values for each tertile of adapted dietary 
inflammation index. dThe p-value for interaction was calculated by adding an interaction term with the covariate 
and ADII tertile in the model. ADII: adapted dietary inflammatory index, NSAID: non-steroidal anti-inflammatory 
drug. 
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Abstract 

Background Persons with Lynch syndrome (LS – carrying a pathogenic mutation in a DNA 

mismatch repair gene) have an increased colorectal cancer (CRC) and endometrial cancer (EC) 

risk. However, a high reported variability in cancer risk suggests the existence of risk factors 

that modify cancer risk for LS. Height is positively associated with both CRC and EC risk for 

the general population but studies for persons with LS are limited. Therefore, we aimed to 

investigate the association between height and CRC and EC for persons with LS using two large 

studies. 

Methods Information of 1155 men and 1553 women with LS from the Colon Cancer Family 

Registry and the GEOLynch cohort study was harmonized. We used weighted Cox proportional 

hazard regression with age on the time-axis to estimate adjusted hazard ratios (HR) and 95% 

confidence intervals (CI) for each 5 cm increment in self-reported height. HRs were adjusted 

for education level, ethnicity, smoking habits, country of residence, year of birth and age at 

menarche (for EC only). 

Results CRC was diagnosed in 947 persons during 65 369 person years of observation and 171 

women were diagnosed with EC during 39 227 person years of observation. Height was not 

associated with CRC for men (HR 1.00 per 5 cm, 95% CI 0.91-1.11) or women (HR 1.01 per 5 

cm, 95% CI 0.92-1.11). Nor was height associated with EC (HR 1.08 per 5 cm, 95% CI 0.94-

1.24). 

Conclusions We observed no evidence for an association of height with either CRC or EC for 

persons with LS. 
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Introduction 

Lynch syndrome (LS) is defined by a germline mutation in one of the mismatch repair (MMR) 

genes MLH1, MSH2, MSH6 or PMS21, or the EPCAM gene2. In persons with such MMR gene 

mutations, a disrupted DNA MMR system causes an increased risk of several cancer types. 

Even though not all persons with LS develop cancer, LS is the most common cause of hereditary 

colorectal cancer (CRC) and endometrial cancer (EC)3. LS also increases the risk of colorectal 

adenomas (a precursor lesion of CRC4) as well as ovarian, stomach, small bowel, pancreas and 

several other cancers2, 5-12. 

Cancer risk estimates for persons with LS are highly variable between and within 

families, even for those with the same mutated gene2, 8, 13. This suggests that factors other than 

the germline mutation may also influence cancer risk for persons with LS14.  

Height is a factor of interest since a person’s tallness may be a surrogate for factors that 

may influence cancer development, i.e. the number of a person’s body cells, a person’s genetic 

make-up, exposure to environmental factors and exposure to several hormones and growth 

factors during maturation15. For the general population, there is strong evidence that height is 

associated with the risk of sporadic colorectal, kidney, pancreatic, prostate, ovarian, 

endometrial, pre- and postmenopausal breast cancer and malignant melanomas16. LS-related 

tumors develop via a distinctive molecular pathway compared with non-LS related tumors17-26, 

and therefore study findings from the general population might not be directly translatable to 

persons with LS.  

Only two studies have been published on the association between height and colorectal 

neoplasia risk for persons with LS, with conflicting results. For persons suspected to have LS 

based on their family history, women taller than 1.55 meters were found to have a 47% to 127% 

increased CRC risk compared with those shorter than 1.55 meters in a Canadian study while no 

evidence for an association was found for men27. In contrast, for persons confirmed to have LS 

we reported a 57% decreased risk of colorectal adenomas for each 5 cm increment in height in 

men while no association was found for women in our previous analyses within a Dutch study 

(GEOLynch)28. The conflicting results might be due to different study samples (suspected for 

LS vs. confirmed to have LS), exposure (categorical vs. continuous), outcome (CRC vs. 

colorectal adenoma) and study design (case-control vs. prospective cohort). In these analyses, 

we aimed to investigate the association between adult attained height and CRC and EC risk for 

men and women with LS separately using data from a large sample of persons confirmed to 

have LS. 
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Methods  

Study population 

For this study, we harmonized data of 2849 persons confirmed to have LS from two separate 

studies: the GEOLynch study28 (ClinicalTrials.gov identifier NCT03303833) and the Colon 

Cancer Family Registry (CCFR)29.  

Briefly, within the GEOLynch study, persons with LS, i.e. a pathogenic variant in one 

of the MMR or the EPCAM genes, were recruited actively since 2006 through the Netherlands 

Foundation for the Detection of Hereditary Tumors and two university medical centers 

(Radboudumc and University Medical Center Groningen, all in the Netherlands). Since 2012 

participants were also passively recruited through information published in a magazine of and 

on a website of the Lynch Polyposis society, a Dutch patient association. Adults with LS both 

with and without a cancer diagnosis before study enrolment were eligible for study inclusion28. 

The CCFR is an international consortium of six centers in North America and Australia. 

Its design and recruitment are described in detail by Newcomb et al.29 and Jenkins et al.30. 

Briefly, in all six centers population-based probands were recently diagnosed CRC cases 

identified via cancer registries. Additionally, four centers also used identified clinic-based 

probands, i.e. cancer-affected and cancer-unaffected persons from families with multiple CRC 

cases presenting at familial cancer clinics. Population-based probands with MMR-deficient 

CRC and all clinic-based probands were tested for germline mutations in a DNA MMR gene. 

A pathogenic variant was identified as LS. Subsequently, where possible, first- and/or second-

degree relatives of identified probands with LS were recruited for study participation and 

germline mutation testing of the variant found in their proband. In this study, we included 

population-based and clinic-based probands and their relatives with a confirmed germline 

MMR gene mutation. 

Both studies were approved by local medical ethical review committees. Additionally, 

all participants provided informed consent. 

 

Data collection 

For both studies, self-reported height and other self-reported personal information (smoking 

habits, weight and for women: menstrual and reproductive history and menopausal status) and 

demographic characteristics (age, sex, ethnicity, education level) were collected at recruitment 

via study- and/or center- specific standardized questionnaires. Clinical information regarding 

bowel diseases, colorectal surgeries and hysterectomy were obtained from medical records, 

pathology reports and/or were self-reported (CCFR). 
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Cancer diagnoses 

Cancer diagnoses were identified by several mechanisms. For GEOLynch, the majority of the 

participants (80.1%) provided consent for a linkage with the Nationwide Network and Registry 

of Histo- and Cytopathology in the Netherlands (PALGA foundation). PALGA has a full 

coverage of pathology tests since 1991. Reported cancer diagnoses within PALGA after 1991 

were therefore used to identify any cancer diagnosis among GEOLynch participant with a 

linkage to PALGA. Cancer diagnoses obtained from medical records were used for those who 

did not give consent for a linkage with PALGA and for cancer diagnoses before 1991 which 

were not reported in PALGA.  

In CCFR data, cancer diagnoses were obtained from cancer registries for population-

based probands. Self- and/or second-hand reports by relatives of cancer diagnoses at study 

enrolment and/or 5-year follow up were confirmed, where possible, using pathology reports, 

medical records, and/or death certificates for all enrolled participants29, 30. 

 

Study sample 

For this study, we excluded participants with missing information on mutated gene (n=3), who 

also carried a germline BRCA1 mutation (n=1), with missing clinical data (n=26), aged <18 

years at questionnaire completion (n=1), with familial adenomatous polyposis (n=35), with 

missing data on height (n=44), missing age at cancer diagnosis (n=14) and participants with a 

cancer diagnosed before 18 years of age (n=5) (Figure 1). Additionally, for CRC analyses, 

persons were excluded if they had a total proctocolectomy but missing age at total 

proctocolectomy (n=3) or if no person time could be calculated (n=9). For EC analyses, women 

with a hysterectomy but missing age at hysterectomy (n=16) and women without person time 

(n=1) were excluded (Figure 1). Characteristics of the participants included for the analyses 

were similar to those of the total cohort (data not shown). 

 

Statistical analyses 

We used summary statistics to describe the study population across sex-specific medians of 

height. 

Cox proportional hazard (PH) regression with age as the time scale was used to calculate 

hazard ratios (HRs) including 95% confidence intervals (CI) for height and CRC and EC. 

Height (cm) was modeled per 5 cm increase for CRC and EC since no evidence for any 
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Figure 1. Flowchart of included participants. CCFR, Colon Cancer Family Registry; CRC, colorectal 
cancer; EC, endometrial cancer. 

 

departure from a linear association was observed by using restricted cubic splines in Cox 

regression. 

A weighted model was chosen in the HR calculations to adjust for ascertainment bias, 

which may occur due to oversampling of cancer cases in our population (Supplemental tables 

S1-S3)31. By using this method, ascertainment bias will be removed in case of accurate 

specification of the expected incidence rates of the external referent population and it will be 

reduced if specification is not completely accurate31. Additionally, a robust sandwich-

covariance estimate by clustering on family membership was applied to account for any 

dependence of observations within families32, 33. 

We used a retrospective approach to calculate CRC and EC risk estimates. For CRC, 

person time started at the age of 18 years since height plateaus around the age of 18 years for 

men and women34. Person time ended at the age of the first occurrence of any of the following 

events: first diagnosed cancer excluding non-melanoma skin cancer, baseline interview 

(CCFR), first colonoscopy of the first series of regular colonoscopies (GEOLynch; defined as 

at least two colonoscopies performed with an interval of maximal 2.5 years between the 

colonoscopies), last update of the medical records (GEOLynch), last linkage to PALGA 

(GEOLynch), or age at total proctocolectomy that diminishes the risk to develop CRC. 

To calculate EC risk estimates, person time also started at the age of 18 years and ended 

at the age of the first occurrence of one of the following events: first diagnosed cancer excluding 
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non-melanoma skin cancer, death, last contact (CCFR), clinical trial enrolment (GEOLynch), 

lost to follow-up (GEOLynch), last update of the medical records (GEOLynch), last linkage to 

PALGA (GEOLynch), or age at hysterectomy since a hysterectomy eliminates the risk to 

develop EC.  

Risk estimate were adjusted for a priori identified confounding covariates35: education 

level (low, middle, high), ethnicity (Caucasian vs. non-Caucasian), smoking status at the age of 

18 years (ever vs. never), year of birth and country of residence (Australasia, Canada, the 

Netherlands, USA). Risk estimates for EC were additionally adjusted for age at menarche.  

Schoenfeld residuals were used to judge if the PH assumption was met. Violation of the 

assumption was observed for height in the association between height and CRC for men. 

Therefore, CRC risk estimates for men were additionally partitioned at the age of 55 years. 

Moreover, year of birth was added as time-varying variable in regressions for CRC and EC risk 

estimates were calculated with a stratified Cox procedure over the strata of country of residence 

to correct for violation of the PH assumption seen for those variables. 

Heterogeneity of the effect of height on the three CRC risk estimate, i.e. for men aged 

<55 years, men aged ≥55 years and women, was explored by adding an interaction term of 

height and those three groups into the model. Moreover, to explore a potential differential effect 

by cohort (CCFR vs. GEOLynch), an interaction term of height and cohort was added to the 

models for CRC and EC to determine heterogeneity by cohort.  

Two sensitivity analyses were performed. At first, to assess if self-reported cancer cases 

or reported cancer cases by relatives and/or spouses influenced the results, we excluded those 

cancer diagnosis (n=399). Secondly, since Møller et al.36 showed that the incidence of a second 

primary cancer diagnosis in persons with LS was similar to the incidence of a first primary 

cancer diagnosis, a sensitivity analyses was performed in which person time ended at the first 

diagnosed CRC or EC only instead of the first diagnosed cancer. 

All p-values were two-sided. Data analyses were performed in SAS software version 

9.4 of the SAS System for Windows (SAS Institute Inc.). 

 

Results 

Participants’ characteristics 

A total of 1155 men and 1553 women contributed to 28 279 and 37 090 person years 

respectively. Median height (range) for men was 180.0 (150.0-213.0) cm and 165.0 (134.0-

190.0) cm for women. Taller participants were heavier at young adulthood, more often highly 

educated and were more often enrolled in the GEOLynch study compared with shorter 
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participants. Ever smoking at the age of 18 years was less often reported by taller men compared 

with shorter men. Person time ended less often at CRC diagnosis for taller compared with 

shorter participants. For taller women, person time ended less often at the age of EC diagnosis 

compared with shorter women (Table 1). Person time ended more often at CRC (40.9% vs. 

18.7%), but not EC (10.9% vs. 11.6%), diagnosis for CCFR participants compared with 

GEOLynch participants (data not shown). 

 

Table 1. Characteristics of study participants by sex-specific median of height.a 
 Men  Women  

 <180.0 cm ≥180.0 cm <165.0 cm ≥165.0 cm 

 N=577 N=578 N=698 N=855 

Age (yr) at study enrolment, mean 

± SD 

50.2 ± 13.4 46.3 ± 13.7 50.8 ± 14.1 46.5 ± 14.0 

Smoking at age 18 years, n (%)     

  Ever 238 (41.3) 201 (34.8) 200 (28.7) 246 (28.8) 

Weight (kg) at young adulthoodb, 

median [Q1, Q3] 

70.0  

[64.0, 77.0] 

79.0  

[72.0, 85.0] 

54.0  

[50.0, 59.0] 

60.0  

[55.0, 67.0] 

Age (yr) at menarche, mean ± SD - - 12.8 ± 1.5 13.2 ± 1.6 

Education levelc, n (%)     

  Low 144 (25.0) 100 (17.3) 223 (32.0) 164 (19.2) 

  Medium 273 (47.3) 258 (44.6) 338 (48.4) 390 (45.6) 

  High 157 (27.2) 216 (37.4) 133 (19.1) 296 (34.6) 

Mutated MMR gene, n (%)     

  MLH1 201 (34.8) 211 (36.3) 263 (37.7) 299 (35.0) 

  MSH2 271 (47.0) 243 (42.0) 306 (43.8) 362 (42.3) 

  MSH6 69 (12.0) 84 (14.5) 90 (12.9) 122 (14.3) 

  PMS2 31 (5.4) 33 (5.7) 29 (4.2) 61 (7.1) 

  EPCAM 5 (0.9) 7 (1.2) 10 (1.4) 11 (1.3) 

Ethnicity, n (%)     

  Caucasian 535 (92.7) 562 (97.2) 656 (94.0) 823 (96.3) 

Country of residence, n (%)     

  Australasia 257 (44.5) 202 (35.0) 345 (49.4) 274 (32.1) 

  Canada 66 (11.4) 45 (7.8) 86 (12.3) 90 (10.5) 

  The Netherlands 93 (16.1) 202 (35.0) 115 (16.5) 316 (37.0) 
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Table 1 continued.     

 Men  Women  

 <180.0 cm ≥180.0 cm <165.0 cm ≥165.0 cm 

  USA 161 (27.9) 129 (22.3) 152 (21.8) 175 (20.5) 

Cohort, n (%)     

  CCFR 484 (83.9) 376 (65.1) 583 (83.5) 539 (63.0) 

  GEOLynch 93 (16.1) 202 (35.0) 115 (16.5) 316 (37.0) 

End of person time due to CRC 

diagnosis, n (%) 

278 (48.2) 233 (40.3) 210 (30.1) 226 (26.4) 

End of person time due to EC 

diagnosisd,e, n (%) 

- - 90 (13.0) 81 (9.5) 

Age (yr) at the end of person time 

for CRCf, mean ± SD 

44.4 ± 11.9 40.6 ± 11.9 43.8 ± 12.1 40.3 ± 11.8 

Age (yr) at the end of person time 

for EC d,e,g, mean ± SD 

- - 44.5 ± 11.0 42.5 ± 10.2 

aCharacteristics based on number of participants included in CRC (N=2708) analyses unless specified 
differently. bWeight at young adulthood reflects weight at the age of 18 years for GEOLynch participants and 
weight at the age of 20 years for CCFR participants. cValues do not add up to 100% due to 7 and 9 missing 
values for education level in men and women respectively. dWomen with missing age of hysterectomy were 
excluded for the EC analyses, i.e. 7 of the 701 women <165.0 cm and 9 of the 860 women ≥165.0 cm. One 
woman ≥165.0 cm without person time was also excluded. eBased on number of women for EC analyses 
(N=1544). fAge of the first occurrence of one of the following events: first diagnosed cancer excluding non-
melanoma skin cancers, baseline interview (CCFR), first colonoscopy of the first series of regular colonoscopies 
(GEOLynch), last update of the medical records (GEOLynch), last linkage to PALGA (GEOLynch) or age at 
total proctocolectomy. gAge of the first occurrence of one of the following events: first diagnosed cancer 
excluding non-melanoma skin cancers, death, last contact (CCFR), last update of the medical records 
(GEOLynch), last linkage to PALGA (GEOLynch), trial inclusion (GEOLynch), age at study exclusion 
(GEOLynch) or age at hysterectomy. BMI: body mass index, CCFR: Colon Cancer Family Registry, CRC: 
colorectal cancer, EC: endometrial cancer, PALGA: the Nationwide Network and Registry of Histo- and 
Cytopathology in the Netherland, Q: quartile, SD: standard deviation, USA: United States of America. 

 

Colorectal cancer 

A 5 cm increment in height was not associated with the risk of CRC in men (HR 1.00, 95% CI: 

0.91-1.11) (Table 2). When we partitioned CRC risk estimates for men because the PH 

assumption was violated for height, we observed a HR of 1.03 (95% CI 0.93-1.14) per 5 cm 

increment in height for CRC for men aged <55 years, and a HR of 0.72 (95% CI 0.51-1.02) per 

5 cm increment in height for men aged ≥55 years (Table 2). No evidence for an association 

between height and CRC was observed for women (HR 1.01, 95% CI 0.92-1.11). 
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 Heterogeneity of the effect of height on CRC between men aged <55 years, men aged 

≥55 years and women was not observed (p-value=0.09). No evidence for heterogeneity by 

cohort was found either (p-value=0.58). 

 

Endometrial cancer 

A 5 cm increment in height was not associated with EC (HR 1.08, 95% CI 0.94-1.24)           

(Table 3). No evidence for a differential effect of height on EC by cohort was observed (p-

value=0.40). 

 

Sensitivity analyses 

Excluding self-reported cancer diagnoses and cancer diagnoses reported by relatives or spouses, 

or ending person time at the first diagnosed CRC or EC only instead of the first diagnosed any 

cancer did not result in different CRC or EC risk estimate for both men and women (data not 

shown). 
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Discussion 

In this study with a large number of persons with LS, we did not observe evidence for an 

association between height and CRC for men and women. Height was not associated with EC 

for women with LS either.  

To the best of our knowledge, this is the first study that investigated the association between 

height and both CRC and EC in persons confirmed to have LS. While we did not observe 

evidence for an association between height and CRC, a 4% (95% CI 1.02-1.05) increased CRC 

risk per 5 cm increment in height was suggested for men and women in the general population 
37. Moreover, being taller increased CRC risk for women but not for men in a Canadian study 

with persons suspected for LS based on their family cancer history27. Our current analyses in 

persons with a germline MMR gene mutation leading to LS only may show different results 

compared to analyses performed among persons suspected to have LS, since persons expected 

to have LS will consist of persons with LS but also of persons with sporadic cancers or other 

familial cancer syndromes. Additionally, our observation of no association between height and 

CRC for men is in contrast to the results of our previous analyses in the GEOLynch study in 

which a 5 cm increment in height was associated with a 57% decreased risk of colorectal 

adenomas for men with LS. However, for women, results of the current study are consistent 

with our previous analyses in the GEOLynch study since no evidence for an association 

between height and colorectal adenoma risk was found for women with LS in the previous 

analysis28.  

For EC, we did not find evidence for an association between height and EC risk for persons 

with LS (HR per 5 cm increment in height 1.08, 95% CI 0.94-1.24). In the general population, 

evidence has been presented in a meta-analysis for a 15% (95% CI 1.09-1.22) increased EC 

risk for each 10 cm increment in height38 which is similar to the risk estimate observed in our 

current analyses if an increment in height of 10 instead of 5 cm is used (HR per 10 cm increment 

in height 1.16, 95% CI 0.88-1.53).  

Strengths of this study include the large number of persons confirmed to have LS from 

three continents. Additionally, we were able to adjust for confounding covariates, we used a 

weighted cohort approach to reduce potential ascertainment bias and a robust co-variance 

estimate was used to adjust for any dependence of observations within families.  

It should be noted that the retrospective approach of our data analyses may have introduced 

survival bias since the mean age at study enrolment was 48.4 years while person time started at 

the age of 18 years. This may have influenced our results if many CRC- or EC-related deaths 

occurred between the age of 18 years and the moment of participant recruitment. Survival after 
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a CRC or EC diagnosis in persons with LS, however, is high with an estimated 5- and 10-year 

survival of 96% and 88% for colon cancer and 93% and 93% for EC respectively39. Hence, we 

do not expect a large impact of this potential bias on our risk estimates. Additionally, height 

was self-reported instead of measured which may have led to an inflated reported height40, 41. 

Though, the correlation between self-reported height and measured height is reported to be high 

(r>0.9)41. Nevertheless, even though an inflated report of height may have occurred, this is 

expected to be non-differential with respect to CRC/EC diagnosis and therefore any estimates 

of associations would be expected to be biased towards the null. Moreover, participants were 

asked to report their current height instead of their height at the age of 18 years which may not 

reflect their tallest adult-attained height since aging comes with a decrease in height42. As a 

consequence, height reported at study enrolment of older participants versus younger 

participants is more likely to be an underestimation of the tallest adult-attained height. 

However, self-reported current height is not expected to be differentially reported for those with 

a taller vs. shorter adult-attained height. Using self-reported current height instead of height at 

the age of 18 years may hence have introduced a bias towards the null for our risk estimates. 

Finally, the majority of our participants were of Caucasian origin. Therefore, generalizability 

of our results to non-Caucasian LS populations may be hampered. 

In conclusion, no evidence was observed for an association between height and both CRC 

and EC for men and women with LS.  
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Abstract 

Background Persons with Lynch syndrome (LS), an inherited predisposition to cancer, have a 

high life-time risk of several cancer types and develop the disease at an earlier age compared 

with the general population. Previously, for persons with LS, body mass index (BMI) at young 

adulthood has been associated with colorectal cancer (CRC), but not endometrial cancer. Little 

is known about its association with other cancer types. Therefore, we aimed to investigate the 

association between BMI at young adulthood and the risk of cancer at all sites, cancer outside 

the colorectum (extra-CRC), and for women, cancer outside both the colorectum and 

endometrium (extra-CRCEC). 

Methods We used harmonized data of 1044 men and 1446 women with LS from the Colon 

Cancer Family Registry and the GEOLynch study. BMI at young adulthood was based on self-

reported height and recalled weight in young adulthood. Weighted Cox regression models were 

used with age on the time axis to calculate adjusted hazard ratios (HRs) and 95% confidence 

intervals (CI) for each 5 kg/m2 increment in BMI at young adulthood. HRs were adjusted for 

education level, smoking habits, physical activity level, ethnicity, country of residence, year of 

birth and for women, age at menarche and hormonal contraceptive use.  

Results A HR of 1.27 (95% CI 1.10-1.47) and 1.00 (95% CI 0.85-1.17) for cancer at all sites 

was observed with each 5 kg/m2 increment in BMI at young adulthood for women and for men, 

respectively. No association was observed between BMI at young adulthood and extra-CRC or 

extra-CRCEC. 

Conclusion A higher BMI at young adulthood is associated with an increased risk of cancer at 

all sites for women, but not for men, with LS.  
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Introduction 

An inherited pathogenic variant in one of the DNA mismatch repair (MMR) genes MLH1, 

MSH2, MSH6 or PMS2, or the EPCAM gene results in Lynch syndrome (LS)1, 2. LS is 

characterized by an increased cancer risk of mainly the colorectum and endometrium but also 

of the ovaries, stomach, urinary tract, brain, biliary tract, small bowel, pancreas and possibly 

female breast3-7. Median age at LS-associated cancer diagnosis is, depending on the cancer type, 

estimated to be 4 to 11 years lower compared with the median age at cancer diagnosis in the 

general population3, 4, 7. The phenotypic expression of LS is variable which is attributed to 

differences in mutated gene and sex2, 3, 8. For example, overall cumulative risk estimates at the 

age of 75 years may reach 45.8% in MLH1 mutation carriers for colorectal cancer (CRC) and 

24.9% in MSH2 mutation carriers for cancers in the urinary tract9. Additionally, lifestyle factors 

are suggested to influence the phenotypic expression10.  

Considering lifestyle factors, more body fatness, as represented by a higher body mass 

index (BMI), is a known risk factor that increases the risk of twelve cancer types in the general 

population11. Both a higher body fatness at adulthood and a higher body fatness at a young age 

are suggested to increase the risk of several cancer types including many LS-associated 

cancers11-16. 

Associations between body fatness and CRC or endometrial cancer risk in persons with 

LS have been studied before. No association between adult BMI and CRC risk was observed 

in a small subsample of persons with LS in a case-control study17. However, our previous 

prospective analyses within the GEOLynch study showed that for men with LS, a 5 kg/m2 

increment in adult BMI was associated with a 84% (95% confidence interval (CI) 1.13-3.02) 

increased risk of colorectal adenomatous polyps18, a precursor lesion of CRC19. Regarding BMI 

at young adulthood, a 5 kg/m2 increment in BMI seemed to increase LS-associated CRC risk 

by 30% (95% CI 1.08-1.58) for both men and women in data of the Colon Cancer Family 

Registry (CCFR)20, while a higher BMI at young adulthood was not found to be associated with 

the risk of colorectal adenomatous polyps in the GEOLynch study18. For endometrial cancer, 

data of the CCFR did not show an association between BMI at young adulthood and 

endometrial cancer risk for women with LS14. 

Even though several studies have been conducted on the association between BMI and 

CRC or endometrial cancer for persons with LS, little attention has been paid to its association 

with cancer at other sites. To the best of our knowledge, only two small studies have been 

published in which conflicting results regarding an association between adult BMI and extra-

colonic cancer risk for persons with LS were observed21, 22. No studies could be found that 
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investigated the association between BMI at young adulthood and all, extra-colonic and/or 

extra-endometrial cancer risk in persons with LS, while this knowledge is important due to the 

high lifetime risk and early age of development of all cancers in this population. 

Therefore, we aimed to prospectively investigate the association between BMI at young 

adulthood and risk of cancer at all and at extra-colonic sites for men and women with LS, and 

also at both extra-colonic and extra-endometrial sites for women with LS. 

 

Methods 

Study population 

Data of participants of the GEOLynch study18 (ClinicalTrials.gov identifier NCT03303833), 

n=757, and of participants with LS from the CCFR23, n=2092, has been harmonized and used 

for this study.  

Briefly, for the GEOLynch study, cancer-free and cancer-affected persons with LS – 

i.e. persons with a pathogenic variant in the MLH1, MSH2, MSH6, PMS2 or EPCAM gene – 

were actively recruited for participation since 2006. Persons with LS were identified from the 

Netherlands Foundation for the Detection of Hereditary Tumours, Radboud University Medical 

Center and the University Medical Center Groningen (all in the Netherlands). Since 2012, 

persons with LS were also recruited passively from volunteers self-identified through 

information published in a magazine and on the website of the Lynch Polyposis society, a Dutch 

patient association. Actively or passively recruited persons with LS were eligible for 

participation if they were Dutch speaking, mentally competent to participate, aged 18-80 years 

and lived in the Netherlands. Those diagnosed with familial adenomatous polyposis (FAP) were 

excluded. 

The CCFR is an international consortium of six centres in North-America and Australia 

that has been described in detail elsewhere23, 24. In short, participants were recruited population-

based in all six centres and also clinic-based in four centres. Persons with CRC identified from 

cancer registries reflect population-based recruitment. All population-based CRC-affected 

recruited persons with a LS-causing germline mutation were included in this study. Clinic-

based recruited probands were cancer-affected and cancer-unaffected persons presenting at 

familial cancer clinics with early onset CRC, with a strong family history of CRC, or from a 

family with a known or probable pathogenic germline mutation in a MMR gene. All population- 

and clinic-based probands and their family members with a LS-causing germline mutation were 

included in this study.  
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The GEOLynch and CCFR were approved by local ethical review committees. All 

participants provided written informed consent. 

 

Data collection 

All participants completed study and/or centre specific standardized questionnaires by personal 

interviews, telephone interviews or mail. The questionnaires included questions about current 

height and weight at the age of 18 years (GEOLynch) or weight at the age of 20 years (CCFR). 

Additionally, demographic characteristics (age, sex, ethnicity, education level), smoking habits 

including e.g. age at smoking commencement and age at smoking cessation, current physical 

activity and physical activity in the age period 20-29 years (CCFR), and for women: menstrual 

and reproductive history, were included. Clinical information regarding bowel diseases, 

colorectal surgeries, hysterectomy and bilateral oophorectomy were obtained from medical 

records, pathology reports and/or were self-reported.  

Cancer diagnoses were obtained from pathology reports and/or medical records for 

GEOLynch participants. For CCFR participants, cancer diagnoses were identified from cancer 

registries for cancer-affected population-based participants and from clinical records for 

cancer-affected clinic-based participants. Additionally, self- and/or second-hand reports of 

cancer diagnoses at study enrolment and/or 5-year follow-up surveys were confirmed, where 

possible, using pathology reports, medical records, cancer registry reports and/or death 

certificates23, 24. Cancer types were categorized into cancer at all sites, at extra-colonic (extra-

CRC) sites, and for women at both extra-CRC and extra-endometrial (extra-CRCEC) sites 

(Supplemental table S1). 

 

Population for analyses 

For this study, we excluded participants with FAP (n=35), a germline BRCA1 mutation (n=1), 

missing clinical data (n=26), missing data on mutated gene (n=2), aged <18 years at study 

enrolment (n=1), missing values for height (n=44), missing values for weight at young 

adulthood (n=231), with a cancer diagnosis but unknown age of cancer diagnosis (n=14) or 

with a cancer diagnosis before the age of 18 years (n=5) (Figure 1). For the extra-CRC and 

extra-CRCEC analyses, one additional participant was excluded because no observation time 

could be calculated. Finally, 2490 participants were included for analyses of cancer at all sites, 

2489 participants for analyses of extra-CRC and 1446 women for analyses of extra-CRCEC. 
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Figure 1. Flowchart of study participants. Extra-colonic cancer: cancers located outside the 
colorectum. Extra-endometrial cancer: cancers located outside the endometrium. 

 

Statistical analyses 

BMI at young adulthood was calculated by dividing self-reported weight (kg) at the age of 18 

years (GEOLynch) or 20 years (CCFR) by the squared self-reported height (m). Summary 

statistics were used to describe the population for analyses for each sex by BMI at young 

adulthood (<25.0 kg/m2 vs. ≥25.0 kg/m2).  

Weighted Cox proportional hazard regression models25 were used to calculate hazard 

ratios (HRs) and 95% CI of cancer at all sites, extra-CRC and extra-CRCEC for each 5 kg/m2 

increment in BMI at young adulthood and in categories based on BMI classification of the 

World Health Organization26 (Supplemental tables S2-S5). A robust sandwich-covariance 

estimate was used to account for any dependency of observations within families27, 28. 

For the analyses of cancer at all sites, person time started at the age of 18 years and 

ended at the age of the first occurrence of the following events: first primary cancer diagnosis 

excluding non-melanoma skin cancers, baseline interview (CCFR), first surveillance 

colonoscopy (GEOLynch), last update of the medical records (GEOLynch) or last linkage to  
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the Nationwide Network and Registry of Histo- and Cytopathology in the Netherlands 

(PALGA, GEOLynch).  

For the analyses of extra-CRC and extra-CRCEC, person time started at the age of 18 

years and ended at the age of the first occurrence of the following events: first primary cancer 

diagnosis excluding non-melanoma skin cancers, death, last contact (CCFR), clinical trial 

enrolment (GEOLynch), lost to follow-up (GEOLynch), last update of the medical records 

(GEOLynch) or last linkage to PALGA (GEOLynch).  

All models were adjusted for birth year and country of residence to take a potential birth 

cohort or country effect into account. Additionally, HRs were adjusted for literature-based a 

priori defined covariates including education level (low, medium, high), smoking habits in 

young adulthood (ever vs. never), physical activity level at young adulthood (low, medium, 

high), ethnicity (non-Caucasian vs. Caucasian) and for women, age at menarche and hormonal 

contraceptive use in young adulthood (ever vs. never).  

Tests for linear trend across categories of BMI at young adulthood were conducted by 

modelling the median value of each category as a continuous variable in the model. Schoenfeld 

residuals were used to identify any variable in the Cox model that violates the proportional 

hazard (PH) assumption.  

Heterogeneity by sex and study cohort (CCFR vs. GEOLynch) was explored by adding 

an interaction term of BMI at young adulthood with either sex or cohort to the models.  

A sensitivity analysis was performed in which self-reported cancer diagnoses and cancer 

diagnoses reported by relatives or spouses were excluded (n=399). A second sensitivity analysis 

was performed to investigate whether censoring at the age of events that diminish or eliminate 

the risk to develop a specific cancer type, such as age at hysterectomy, will modify the risk 

estimates. Finally, since Møller et al.29 did not observe a significantly higher incidence of 

subsequent cancer for LS persons with a previous cancer vs. those without a previous cancer, 

observation time was discontinued at the age of the first diagnosed extra-CRC or extra-CRCEC 

instead of the age of first diagnosed any cancer for the extra-CRC and extra-CRCEC analyses, 

respectively. 

 A two-sided p-value<0.05 was considered statistically significant. All analyses were 

generated by using SAS software, Version 9.4 of the SAS system for Windows (SAS Institute 

Inc.). 
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Results 

A total of 1044 men and 1446 women with LS contributed to a total 25 905 and 34 738 person 

years for men and women respectively. A BMI ≥25.0 kg/m2, i.e. being overweight or obese, at 

young adulthood was reported by 291 (27.9%) men and 175 (13.8%) women (Table 1). 

Participants with a BMI ≥25.0 kg/m2 at young adulthood (i.e. being overweight or obese) were 

younger at study enrolment, less often highly educated and more often enrolled in the CCFR 

compared with participants with a BMI <25.0 kg/m2 at young adulthood (i.e. having a normal 

weight or being underweight). Overweight or obese women less often had a high physical 

activity level compared with women with a normal weight while overweight or obese men vs. 

normal weight men were more often highly physically active at young adulthood. Ever use of 

hormonal contraceptives at the age of 18 years was more often reported in women with a BMI 

at young adulthood ≥25.0 vs. <25.0 kg/m2. Person time ended more often at the age of cancer 

diagnosis at all sites and less often at the age of extra-CRC for participants with a BMI ≥25.0 

vs. <25.0 kg/m2 at young adulthood.  

For women, a 5 kg/m2 increment in BMI at young adulthood resulted in a HR of 1.27 

(95% CI 1.10-1.47) for cancer at all sites, whereas a HR of 1.00 (95% CI 0.85-1.17) was 

observed for men (Figure 2). Similarly, while for women being obese (HR 2.54, 95% CI 1.51-

4.27), but not overweight (HR 1.38, 95% CI 0.97-1.99), compared with normal weight was 

associated with increased risk of cancer at all sites, no association was observed for obese (HR 

1.07, 95% CI 0.59-1.97) or overweight (HR 1.01, 95% CI 0.76-1.34) men compared with 

normal weight men (Table 2). No differential effect of BMI at young adulthood on cancer at all 

sites by sex or cohort was observed (p-value for interaction of 0.33 and 0.40 respectively). 

A HR of 0.89 (95% CI 0.67-1.19) and 1.12 (95% CI 0.93-1.35) was observed for extra-

CRC with each 5 kg/m2 increment in BMI at young adulthood for men and women, respectively 

(Figure 2). Being overweight or obese vs. normal weight resulted in a HR of 0.69 (95% CI 0.38-

1.23) and 1.09 (95% CI 0.42-2.86) for men, and 1.49 (95% CI 0.92-2.42) and 1.09 (95% CI 

0.42-2.79) for women respectively (Table 2). No differential effect of BMI at young adulthood 

on extra-CRC risk by sex or cohort was observed (p-value for interaction of 0.21 and 0.67 

respectively). 
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Table 1. Characteristics of study participants with a BMI <25.0 kg/m2 and a BMI ≥25.0 kg/m2 by 
sex.a 

 Men  Women  

 <25.0 kg/m2 ≥25.0 kg/m2 <25.0 kg/m2 ≥25.0 kg/m2 

 N=753 N=291 N=1271 N=175 

Weight (kg) at young adulthoodb, 

median [Q1, Q3] 

70.0  

[65.0, 76.0] 

86.0  

[81.0, 93.0] 

56.0 

[51.0, 61.0] 

76.0 

[70.0, 83.0] 

Height (cm), mean ± SD 178.7 ± 7.7  178.1 ± 7.3 165.0 ± 7.4 164.3 ± 7.6 

Age (yr) at study enrolment, mean 

± SD 

48.9 ± 13.2 46.2 ± 13.7 49.2 ± 13.9 43.3 ± 13.9 

Education levelc, n (%)     

  Low 150 (19.9) 56 (19.2) 313 (24.6) 40 (22.9) 

  Medium 345 (45.8) 148 (50.9) 597 (47.0) 88 (50.3) 

  High 257 (34.1) 84 (28.9) 356 (28.0) 45 (25.7) 

Smoking habits at young 

adulthood, ever, n(%) 

288 (38.3) 117 (40.2) 367 (28.9) 52 (29.7) 

Physical activity level at young 

adulthoodc,d 

    

  Low 210 (27.9) 72 (24.7) 442 (34.8) 73 (41.7) 

  Medium 249 (33.1) 88 (30.2) 409 (32.2) 56 (32.0) 

  High 275 (36.6) 126 (43.3) 386 (30.4) 42 (24.0) 

Mutated MMR gene, n (%)     

  MLH1 258 (34.3) 116 (39.9) 450 (35.4) 66 (37.7) 

  MSH2 338 (44.9) 124 (42.6) 566 (44.5) 73 (41.7) 

  MSH6 103 (13.7) 33 (11.3) 173 (13.6) 19 (10.9) 

  PMS2 45 (6.0) 15 (5.2) 66 (5.2) 14 (8.0) 

  EPCAM 9 (1.2) 3 (1.0) 16 (1.3) 3 (1.7) 

Ethnicity, Caucasian, n (%) 710 (94.3) 280 (96.2) 1209 (95.1) 167 (95.4) 

Age (yr) at menarche, mean ± SD - - 13.0 ± 1.6 12.5 ± 1.4 

Hormonal contraceptive use at 

age 18 years, ever, n (%) 

- - 406 (32.2) 77 (44.0) 

Country of residence, n (%)     

  Australasia 304 (40.4) 136 (46.7) 515 (40.5) 86 (49.1) 

  Canada 72 (9.6) 33 (11.3) 154 (12.1) 17 (9.7) 
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Table 1 continued.     

 Men  Women  

  The Netherlands 195 (25.9) 20 (6.9) 328 (25.8) 22 (12.6) 

  USA 182 (24.2) 102 (35.1) 274 (21.6) 50 (28.6) 

Cohort, n(%)     

  CCFR 558 (74.2) 271 (93.1) 943 (74.2) 153 (87.4) 

  GEOLynch 195 (25.9) 20 (6.9) 328 (25.8) 22 (12.6) 

Number of persons who end 

person time at the age of a cancer 

diagnosis at all sites, n (%) 

390 (51.8) 157 (54.0) 623 (49.0) 93 (53.1) 

Number of persons who end 

person time at the age of an extra-

CRC diagnosis, n (%)e 

84 (11.2) 25 (8.6) 343 (27.0) 41 (23.4) 

Number of persons who end 

person time at the age of an extra-

CRCEC diagnosisf, n (%) 

- - 168 (13.2) 22 (12.6) 

Age (yr) at the end of person time 

for cancer at all sitesg, mean ± SD 

43.3 ± 12.0 41.7 ± 11.8 42.5 ± 11.9 38.3 ± 11.5 

Age (yr) at the end of person time 

for extra-CRCe, h, mean ± SD 

47.8 ± 12.2 45.7 ± 12.2 47.3 ± 12.2 42.1 ± 11.8 

Age (yr) at the end of person time 

for extra-CRCECf, h, mean ± SD 

- - 47.3 ± 12.2 42.1 ± 11.8 

aCharacteristics based on the population for the analyses of cancer at all sites unless stated otherwise. bWeight 
at young adulthood reflects weight at the age of 18 years for GEOLynch participants and weight at the age of 
20 years for CCFR participants. cValues do not add up to 100% due to 4 and 7 missing values for education 
level and 24 and 38 missing values for physical activity in men and women respectively. dCohort specific tertiles 
of physcial activity. For GEOLynch participants, current physical activity levels were used to reflect physical 
activity at young adulthood while for CCFR participants, physical activity in the age group 20-29 years was 
used. eN (%) based on the population for extra-CRC analyses (n=2488). fN(%) based on the population for 
extra-CRCEC analyses (n=1446). gAge of the first occurrence of one of the following events: first diagnosed 
cancer excluding non-melanoma skin cancers, baseline interview (CCFR), first surveillance colonoscopy 
(GEOLynch), last update of the medical records (GEOLynch) or last linkage to PALGA (GEOLynch). hAge of 
the first occurence of one of the following events: first primary cancer diagnosis excluding non-melanoma skin 
cancers, death, last contact (CCFR), clinical trial enrolment (GEOLynch), lost to follow-up (GEOLynch), last 
update of the medical records (GEOLynch) or last linkage to PALGA (GEOLynch). BMI: body mass index, 
CCFR: Colon Cancer Family Registry, CRC: colorectal cancer, EC: endometrial cancer, extra-CRC: outside 
the colorectum, extra-CRCEC: outside the colorectum and endometrium, PALGA: the Nationwide Network 
and Registry of Histo- and Cytopathology in the Netherlands, Q: quartile, SD: standard deviation, USA: United 
States of America. 
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Figure 2. Cancer cases/total number of persons and adjusted hazard ratios (95% confidence interval) 
for a 5 kg/m2 increment in body mass index at young adulthood by sex and cancer site. Hazard ratios 
are adjusted for year of birth, country of residence, education level, smoking habits at young 
adulthood, physical activity level at young adulthood and ethnicity. For women an additional 
adjustment for age at menarche and hormonal contraceptive use in young adulthood has been applied. 
CI, confidence interval; extra-CRC, cancers located outside the colorectum; extra-CRCEC, cancer 
located outside the colorectum and endometrium. 

 

For extra-CRCEC, a HR of 1.19 (95% CI 0.95-1.50) was observed for women with a    

5 kg/m2 increment in BMI at young adulthood (Figure 2) and a HR of 1.44 (95% CI 0.80-2.61) 

for overweight and 1.59 (95% CI 0.60-4.23) for obese women compared with normal weight 

women (Table 2). The effect of BMI at young adulthood on extra-CRCEC risk did not differ 

by cohort (p-value for interaction=0.29). 

The sensitivity analyses, i.e. excluding self-reported cancer diagnoses and cancer 

diagnoses reported by relatives or spouses, censoring at the age of events that diminish or 

eliminate the risk to develop a specific type of cancer or ending person time at the first 

diagnosed extra-CRC or extra-CRCEC, did not result in a different conclusion (data not shown). 
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Discussion 

For each 5 kg/m2 increment in BMI at young adulthood, we observed a 27% increased risk of 

cancer at all sites for women with LS, while no association was observed for men with LS. No 

association was found between BMI at young adulthood and the risk of extra-CRC for men and 

women, and extra-CRCEC for women. 

Although the association between BMI at young adulthood and the risk of cancer at all 

sites did not differ statistically significantly by sex, we did observe a positive association for 

women but no association for men. The lack of association in men was unexpected since a          

5 kg/m2 increment in BMI at young adulthood was previously reported to increase the risk of 

CRC20, which was the majority (86.8%) of the diagnosed cancers at all sites in men in our study. 

Interestingly, our participating men with a BMI≥25.0 kg/m2 more often reported a high level of 

physical activity at young adulthood compared with men with a BMI<25.0 kg/m2. Since 

adjusting our analyses for physical activity did not change the results, this may not explain the 

results observed for men. However, it may indicate that the BMI≥25.0 kg/m2 is reflecting 

muscle mass instead of body fatness for men. 

A recent meta-analysis in the general population reported increased risks of cancer at 

several sites with increasing BMI at young adulthood for men and women combined and/or 

separately16. However, one study that was not included in the meta-analysis also reported an 

increased sporadic CRC risk with increasing BMI at young adulthood for women, but not for 

men30. Generally, it is suggested that biological mechanisms are responsible for any observed 

sex difference in risk estimates. However, these mechanisms are considered to be similar for 

men and women31, 32. It is hence not clear why we observed an association for women but not 

for men. Future studies that also include measures besides BMI to reflect body fatness, such as 

waist-to-hip ratio, may help to delineate any difference in the association between body fatness 

at young adulthood and cancer risk for men and women with LS.  

No association was observed for extra-CRC and extra-CRCEC, which is unexpected 

because the underlying mechanisms that may cause an association between BMI at young 

adulthood and extra-CRC or extra-CRCEC are assumed to be similar to those previously 

mentioned for cancers at all sites. Though, for women in the general population, there is 

probable evidence that more body fatness at young adulthood protects against both pre- and 

postmenopausal breast cancer16, 32. Since breast cancer cases contributed to 14.1% of the extra-

CRC cases and 28.4% of the extra-CRCEC cases, this may have masked or diluted a potential 

positive association between BMI at young adulthood and the risk of cancers outside the breast. 

It would be interesting to obtain risk estimates by obesity dependent cancers (e.g. breast cancer, 
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and cancers of the stomach, gallbladder, ovary, pancreas, kidney, and thyroid16, 32) separately 

according to findings in the general population, but the numbers for obesity dependent cancers 

besides CRC and/or EC in our population were too small to allow any analyses with sufficient 

power. 

One of the limitations of our study is that we used self-reported height and recalled 

weight in young adulthood to calculate BMI at young adulthood. Self-reported height tends to 

be overestimated while recalled weight tends to be underreported, especially in those being 

overweight or obese33, 34. The self-reported BMI at young adulthood may hence be an 

underestimation. Nonetheless, a strong correlation is reported between measured and self-

reported height (r>0.9)35 and between measured and recalled weight (r>0.73)36, 37. Additionally, 

cancer-affected persons may recall their weight in young adulthood differently compared with 

cancer-unaffected persons which may have introduced an over- or underestimation of the true 

effect. 

A major strength of this study includes the large sample size, i.e. it is the largest study 

with data of both lifestyle factors and cancer diagnoses of persons with LS. We adjusted for 

ascertainment bias with weighted Cox proportional hazard regressions25 and accounted for any 

dependency of observations within families with a robust sandwich-covariance estimate by 

clustering on family membership27, 28. In addition, we were able to adjust for several 

confounding covariates although, as in every observational study, residual confounding may 

not be eliminated. 

In summary, a higher BMI at young adulthood is suggested to increase the risk of cancer 

at all sites for women, but not for men, with LS. Still, it is recommended to avoid excess body 

weight in young adulthood for all persons with LS, because it may be beneficial to decrease the 

cancer burden for women and will probably not be harmful for the cancer burden for men. 
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Supplemental tables 

 

Supplemental table S1. Number of cancer cases at each site for each cancer category in the main 
analyses.a 
 Cancer category 

 All sites Extra-CRC Extra-CRCEC 

 Men 

(N=547) 

Women 

(N=716) 

Men 

(N=109) 

Women 

(N=384) 

Women 

(N=190) 

Colorectal, n (%) 475 (86.8) 420 (58.7) - - - 

Upper 

gastrointestinal 

tractb, n (%) 

17 (3.1) 16 (2.2) 24 (22.0) 24 (6.3) 24 (12.6) 

Urinary tractc, n (%) 16 (2.9) 11 (1.5) 32 (29.4) 20 (5.2) 20 (10.5) 

Breast, n (%) - 29 (4.1) - 54 (14.1) 54 (28.4) 

Endometrium, n (%) - 163 (22.8) - 194 (50.5) - 

Ovary, n (%) - 30 (4.2) - 33 (8.6) 33 (17.4) 

Prostate, n (%) 14 (2.6) - 21 (19.3) - - 

Other, n (%) 25 (4.6) 47 (6.6) 32 (29.4) 59 (15.4) 59 (31.1) 
aNon-melanoma skin cancers were not considered as cancer. The events that end observation time varies per 
cancer category (see statistical analysis in methods). Therefore, the total number of extra-CRC and extra-
CRCEC differs from the total number of extra-CRC or extra-CRCEC reported among cancers at all sites. bUpper 
gastrointestinal tract cancers include cancers in the biliary tract, stomach, pancreas and small bowel. cUrinary 
tract cancers include urothelial cancers and cancers in the kidney, ureter and bladder. Extra-CRC, cancer located 
outside the colorectum; extra-CRCEC, cancer located outside the colorectum and endometrium. 
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Abstract 

Background A cancer diagnosis is suggested to be associated with changes in dietary and 

lifestyle habits. Whether this applies to persons with familial cancer, such as Lynch syndrome 

(LS) is unknown. We investigated whether a colorectal neoplasm (CRN) diagnosis in persons 

with LS is associated with changes in dietary and lifestyle habits over time. 

Methods We used data of confirmed LS mutation carriers from the GEOLynch study, a 

prospective cohort study. Information on dietary intake and lifestyle habits was collected with 

a validated semi-quantitative food frequency questionnaire and a general questionnaire 

administered at baseline (2006-2008) and follow-up (2012-2017). Participants’ medical records 

were used to identify CRN diagnoses. Changes in dietary and lifestyle habits in participants 

who developed a CRN between baseline and follow-up (CRN group) and participants who did 

not develop a CRN between baseline and follow-up (no-CRN group) were compared using 

multivariable linear regression models for continuous variables and cross-tables with 

percentage change at follow-up compared with baseline for categorical variables. 

Results Of the 324 included participants, 146 developed a CRN between baseline and follow-

up, while 178 did not. Smoking cessation was more often reported in the CRN than in the no-

CRN group (41.4% vs. 35.0%). There were no differences in changes of energy intake, alcohol, 

red meat, processed meat, dairy, fruit, vegetables and dietary fiber consumption, body mass 

index, physical activity and non-steroidal anti-inflammatory drug use. 

Conclusions Apart from a potentially higher likelihood of smoking cessation, we found no 

evidence that a CRN diagnosis is associated with changes in lifestyle habits in persons with LS. 
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Background 

It is estimated that 1 in every 279 individuals living in a Western population has a germline 

mutation in one of the DNA mismatch repair (MMR) genes MLH1, MSH2, MSH6 or PMS2 or 

a deletion in the MSH2-adjacent EPCAM gene1. These mutations and deletions lead to Lynch 

syndrome (LS)2, 3, which is the most common cause of hereditary colorectal cancer (CRC)4. 

Persons with LS have an increased risk of colorectal adenomas (CRAs), and are at a high risk 

of developing cancer relatively early in life3, 5-12. For persons with LS, CRC is the most 

commonly diagnosed cancer type with cumulative risk estimates by the age of 70 years ranging 

from 11% to 98%3, 11, 13-15, whereas lifetime risk in the Western population is 4-5%16.  

Apart from the mutated gene, most results of studies in persons with LS suggest that the 

risk of CRAs, precursor lesions of CRC17, and CRC is increased in persons who smoke or who 

have a high body mass index (BMI)18-25. Additionally, a high alcohol consumption23, 25, 26 and 

a high consumption of snack foods27 are associated with increased risk of CRA and/or CRC. In 

contrast, regular physical activity28, 29, aspirin intake30, 31, higher fruit or fiber intakes20, and 

long-term use of multivitamin and calcium supplements32 seem to decrease CRC risk. 

In the general population, it has been suggested that a cancer diagnosis may be a window 

of opportunity for healthy changes in diet and other lifestyle habits33-36. Several studies reported 

an increased fruit and vegetable intake, a decreased red meat intake and a high percentage of 

smoking cessation after a cancer diagnosis in persons diagnosed with several types of sporadic 

cancer 33, 35, 36. Increases, decreases and no changes in alcohol intake, physical activity and BMI 

were observed33-36. However, not all changes in cancer-affected persons were different in 

comparison with changes observed in cancer-free persons33, 35, 36.  

Even though persons with LS are often diagnosed with CRAs and CRCs, i.e. colorectal 

neoplasms (CRNs), it is unknown if this triggers changes in their dietary and lifestyle habits. A 

better understanding of changes in dietary and lifestyle factors following CRN diagnosis in 

persons with LS is relevant since these changes may impact subsequent cancer risk. Therefore, 

our aim was to investigate whether a CRN diagnosis in persons with LS is associated with 

changes in dietary and lifestyle habits over time. 

 

Methods 

Study population 

We used data of the GEOLynch study, a prospective cohort study established in the Netherlands 

in 2006 (ClinicalTrials.gov identifier NCT03303833)18. Carriers of a mutation in one of the 

DNA M or EPCAM genes – as confirmed by a clinical genetics center – were identified through 
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the Netherlands Foundation for the Detection of Hereditary Tumours, the Radboud University 

Medical Center Nijmegen and the University Medical Center Groningen, the Netherlands. 

Participants were between 18 and 80 years of age, Dutch-speaking, mentally competent to 

participate and underwent regular colonoscopy surveillance. Terminally ill patients, those 

living outside the Netherlands and those with familial adenomatous polyposis, inflammatory 

bowel diseases, and a history of proctocolectomy or colostomy were excluded. 

A total of 686 presumed eligible subjects were invited to participate between July 2006 

and July 2008 (Figure 1). All subjects had ever received a diagnosis of LS. Of the 686 invited, 

501 (73.0%) agreed to participate. Nine participants appeared ineligible after signing informed 

consent, leaving 492 included participants. All participants completed questionnaires on 

demographics, dietary and lifestyle characteristics at study enrolment. Considering the 

observational design of the study, the completed questionnaires were not used to provide 

participants with any personal feedback to change lifestyle habits. Between January 2012 and 

December 2017, 447 (90.8%) of the 492 participants were invited to complete the 

questionnaires again for a follow-up measurement. The remaining 45 participants were not 

approached since they had not given researchers consent to contact them for follow-up 

measurements (n=9), were living abroad (n=1), could not be traced (n=9) or had died (n=26). 

Of the 447 participants invited, 324 (72.5%) completed the follow-up questionnaires and were 

included in the current analyses. All study participants provided written informed consent and 

the study was approved by the Institutional Review Board CMO Region Arnhem-Nijmegen.  

 

Assessment of dietary intake  

Habitual dietary intake of the previous month was assessed with a semi-quantitative 183-item 

food frequency questionnaire (FFQ). This FFQ was an updated version of two FFQ’s previously 

developed and validated by the department of Human Nutrition and Health, Wageningen 

University & Research37, 38. The FFQ used at baseline and follow-up were similar in terms of 

type of food groups and number of items per food group recalled. However, the FFQ used at 

follow-up contained some additional questions for the dairy food items in order to distinguish 

between use of fermented and non-fermented dairy products. At both time points, participants 

were asked to report the frequency and amount of food items used. For all items, frequencies 

per day and standard portion sizes were multiplied to obtain intake in grams per day. 

Subsequently, intake of energy and nutrients was quantified by using the Dutch food 

composition table (NEVO) 201139. We used the NEVO 2011 since most participants completed 

the follow-up FFQ around the same time period (2012). Moreover, the same (2011) version  
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Figure 1. Flowchart of included study participants. 

  



110	 CHAPTER 5
 

was used for both baseline and follow-up FFQ data to prevent any changes in dietary intake to 

be a result of using different food composition tables. 

 

Assessment of demographic and lifestyle characteristics 

Information on age, sex, education level [low (i.e., finished primary school or lower vocational 

or lower general secondary education); middle (i.e., finished general secondary school, pre-

university education, or vocational education); and high (i.e., finished higher professional 

education or university)], current height and weight, smoking status [(current, former, never) 

smoking of tobacco products (cigarettes, cigar, pipe)] and non-steroidal anti-inflammatory drug 

(NSAID) use [never (i.e. less than once a month) vs. ever (i.e. equal to or more than once a 

month)] was collected through a standardized general questionnaire. Physical activity was 

assessed with a modified Baecke questionnaire consisting of 19 items which measures the level 

of physical activity in three domains: household, sports and non-sports leisure time activities40, 

41. In accordance with the questionnaire protocol41, each domain was scored between 1 and 5 

points and domain scores were then summed to calculate the total activity score (ranging from 

3 to 15), with a higher score reflecting a higher level of physical activity. 

 

Identification of colorectal neoplasms 

Participants’ medical records were regularly reviewed (on average every 3 years) to obtain 

clinical information about performed colonoscopies, surgical interventions and CRAs, CRCs 

and all other cancer diagnoses (excluding non-melanoma skin cancers) before recruitment and 

during observation time (i.e. period between baseline and follow-up questionnaire completion).  

 

Statistical analyses 

Descriptive statistics were used to describe the characteristics at baseline for participants with 

and without a CRN diagnosis during observation time. Participants who were diagnosed with a 

CRN during observation time were included in the CRN group, while those who were not 

diagnosed with a CRN were included in the no-CRN group (both regardless of CRN diagnosis 

before baseline). Multivariable linear regression models with 95% confidence intervals (CI) 

were used to investigate whether changes in BMI, physical activity and each dietary variable 

were different for those with and without a CRN diagnosis during observation time. Analyses 

were adjusted for sex, age, education level, BMI (<25.0, 25.0-30.0 and ≥30 kg/m2) and smoking 

status at baseline. To control for any imbalance at baseline and measurement error at baseline 

and follow-up, an additional adjustment for the average value of baseline and follow-up was 
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applied for each lifestyle factor and dietary variable. For analyses of the dietary variables, a 

comparison was made between estimates obtained from multivariable linear regression models 

with and without additional adjustment for energy intake based on the residual method42. Since 

both models yielded similar findings, only the results without adjustment for energy intake were 

presented. The assumptions underlying the multivariable linear regression models were 

investigated by inspecting the models’ residuals. No violations of the assumptions were 

observed.  

For categorical variables (smoking status, categorized BMI and NSAID use), cross-

tables were created which showed the percentage of individuals in a category at follow-up for 

each category at baseline for the CRN and no-CRN group.  

Since a CRN diagnosis before baseline may already have influenced current dietary and 

lifestyle habits, a sensitivity analysis was performed by repeating the analyses in participants 

without a CRN diagnosis before baseline only (n=164).  

A two-sided p-value of 0.05 was considered statistically significant. Data analyses were 

performed with the use of SAS software version 9.4 of the SAS System for Windows (SAS 

Institute, Cary, NC, USA). 

 

Results 

Participant characteristics 

Of the 324 participants who completed both baseline and follow-up questionnaires, 146 (45.1%) 

were diagnosed and 178 (54.9%) were not diagnosed with a CRN during observation time 

(Table 1). Participants who developed a CRN during observation time had a median age of 51.9 

[interquartile range (IQR), i.e. quartile 1, quartile 3: 44.2, 57.5] years while participants without 

a CRN had a median age of 47.6 [IQR: 38.4, 56.2] years at baseline. The majority of the 

participants in the CRN and no-CRN group were women (52.1% vs. 58.4% respectively). 

Highly educated participants accounted for 29.5% and 41.6% in the CRN group and no-CRN 

group respectively. At baseline 29 (19.9%) participants in the CRN group and 22 (12.4%) in 

the no-CRN group smoked. Overweight or obesity was seen in 65 (44.5%) participants of the 

CRN group and 64 (36.0%) participants of the no-CRN group. A median energy intake of 

2134.9 [IQR: 1731.0, 2622.0] kcal/day was reported in the CRN group and 2149.3 [IQR: 

1780.2, 2587.8] kcal/day in the no-CRN group.  

 Follow-up measurements were performed after a median of 80.7 [IQR: 71.4, 86.1] 

months after baseline measurement in the CRN group vs. 82.5 [IQR: 71.4, 86.5] months in the 

no-CRN group (data not shown). In the CRN group, a median of 2 [IQR: 2, 2] CRNs per person 
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were diagnosed during observation time. Median time between the most recently diagnosed 

CRN and completion of the follow-up questionnaire was 27.5 [IQR: 16.7, 49.7] months. Cancer 

other than CRC during observation time was diagnosed in 13 (8.9%) participants of the CRN 

group and in 12 (6.7%) participants of the no-CRN group. 

 

Differential changes in dietary and lifestyle factors 

Energy intake decreased with a mean of 295.6 ± SD 534.0 kcal/day in the CRN group and   

297.2 ± 481.5 kcal/day in the no-CRN group (Table 2). The change in energy intake was not 

different in the CRN group compared with the no-CRN group (adjusted difference in change of 

-7.5 (95% CI: -119.1, 104.0) kcal/day). Mean fruit intake decreased in the CRN group                   

(-15.6 ± 119.4 g/day) while it increased (4.1 ± 113.3 g/day) in the no-CRN group, but the 

difference in fruit intake change was not statistically significant (adjusted difference in fruit 

intake change of -13.4 (95% CI: -39.7, 12.8) g/day). Changes in BMI, physical activity and 

other dietary intakes did not differ between the no-CRN and CRN group either. 

Smoking cessation was reported by 41.4% of the smokers in the CRN group vs. 35.0% 

of the smokers in the no-CRN group (Table 3). A shift from normal weight to overweight was 

seen in 10 (12.7%) participants in the CRN group and 23 (21.1%) participants in the no-CRN 

group (Table 4). In the CRN group, 10.3% of the participants increased the use of NSAIDs 

from less than once a month to equal to or more than once a month against 12.1% of the 

participants in the no-CRN group (data not shown). 
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Table 1. Characteristics of the colorectal neoplasm and no colorectal neoplasm group at baseline.a 
 Colorectal neoplasmb No colorectal neoplasmb 

N 146  178 

Age (years), median 

[IQR] 

51.9  

[44.2-57.5] 

47.6 

 [38.5-56.2] 

Mutated gene, n (%)   

   MLH1 55 (37.7) 72 (40.5) 

   MSH2 64 (43.8) 66 (37.1) 

   MSH6 26 (17.8) 38 (21.4) 

   PMS2 1 (0.7) 2 (1.1) 

Sex (woman), n (%) 76 (52.1) 104 (58.4) 

Education levelc, n (%)   

   Low 47 (32.2) 43 (24.2) 

   Medium 56 (38.4) 61 (34.3) 

   High 43 (29.5) 74 (41.6) 

Smoking statusd, n (%)   

   Current 29 (19.9) 22 (12.4) 

   Pack-years current 

   smokers, median [IQR] 

15.4 [8.0-22.5] 10.0 [1.5-16.5] 

   Former 67 (45.9) 77 (43.3) 

   Pack-years former 

   smokers, median [IQR] 

6.9 [2.9-14.5] 6.0 [2.0-11.5] 

   Never 48 (32.9) 75 (42.1) 

BMI (kg/m2)d, median 

[IQR], n (%) 

24.7  

[23.2-26.4] 

24.1  

[22.3-26.4] 

  <18.5 1 (0.7) 1 (0.6) 

  18.5-25.0 79 (54.1) 109 (61.2) 

  25.0-30.0 53 (36.3) 50 (28.1) 

  ≥30.0 12 (8.2) 14 (7.9) 

Physical activity levele, 

mean ± SD 

8.4 ± 1.1 8.3 ± 1.0 

Energy intake (kcal/day), 

median [IQR] 

2134.9 

[1731.0-2622.0] 

2149.3  

[1780.2-2587.8] 
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Table 1 continued.   
 Colorectal neoplasmb No colorectal neoplasmb 

Alcohol intake (g/day), 

median [IQR] 

10.5  

[2.3-21.0] 

6.5  

[1.1-16.2] 

Red meat intake (g/day), 

median [IQR] 

41.3  

[23.7-55.7] 

40.2  

[24.8-53.8] 

Processed meat intake 

(g/day), median [IQR] 

18.2  

[10.7-35.2] 

18.7  

[7.9-32.5] 

Dairy intake (g/day), 

median [IQR] 

322.0  

[220.1-458.9] 

332.5  

[211.7-457.9] 

Fruit intake (g/day), 

median [IQR] 

216.5 

[49.7-239.3] 

151.9  

[78.5-230.6] 

Vegetable intake (g/day), 

median [IQR] 

137.8  

[78.7-193.9] 

147.7  

[97.6-202.4] 

Fibre intake (g/day), mean 

± SD 

23.7 ± 7.4 24.3 ± 7.0 

NSAID usef, n (%) 23 (15.8) 29 (16.3) 

CRN diagnosis before 

baseline, n (%) 

78 (53.4) 82 (46.1) 

Cancer other than CRC 

diagnosed before 

baseline, n (%) 

23 (15.8) 27 (15.2) 

aThe numbers reflect the information collected at baseline, unless stated otherwise. Characteristics are expressed 
as mean ± SD for normally distributed variables, median [IQR, i.e. quartile 1–quartile 3] for variables deviating 
from normality or n (%) for categorical variables. bThe CRN group includes participants with a CRN diagnosis 
between the baseline and follow-up measurement. If no CRN was diagnosed between baseline and follow-up, 
the participant was added to the no-CRN group. cLow reflects finishing primary school or lower vocational or 
lower general secondary education; middle reflects finishing general secondary school, pre-university education 
or vocational education; high reflects finishing higher professional education or university. dPercentages do not 
add up to 100 due to 6 missing values for smoking status and 5 for BMI. ePhysical activity level is calculated 
with the Baecke questionnaire40, 41. fNSAID use equal to or more than once a month. BMI, body mass index; 
CRC, colorectal cancer; CRN, colorectal neoplasm; IQR: interquartile range: NSAID, non-steroidal anti-
inflammatory drugs: SD, standard deviation. 
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Table 2. Changes in lifestyle characteristics and multivariable linear regression models for differences 
in change in lifestyle and dietary factors among persons with and without a colorectal neoplasm 
(CRN) diagnosis.a 
 Change per group Crude difference 

(95% CI) between 

groups 

Adjustedb differences 

(95% CI) between 

groups 

BMI (kg/m2), mean ± 

SD 

   

  No CRNc 0.5 ± 1.7 Reference Reference 

  CRNc 0.7 ± 2.8 0.2 (-0.3, 0.7) -0.2 (-0.5, 0.2) 

Physical activity 

leveld, mean ± SD 

   

  No CRNc 0.3 ± 1.2 Reference Reference 

  CRNc 0.3 ± 1.2 -0.1 (-0.3, 0.2) -0.1 (-0.3, 0.2) 

Energy intake 

(kcal/day), mean ± SD 

   

  No CRNc -297.2 ± 481.5 Reference Reference 

  CRNc -295.6 ± 534.0 1.5 (-110.6, 113.7) -7.5 (-119.1, 104.0) 

Alcohol intake (g/day), 

mean ± SD 

   

  No CRNc -1.3 ± 7.8 Reference Reference 

  CRNc -1.5 ± 11.5 -0.2 (-2.3, 2.0) 0.3 (-1.9, 2.5) 

Red meat intake 

(g/day), median [IQR] 

   

  No CRNc -9.7 [-22.5, 3.4] Reference Reference 

  CRNc -8.1 [-27.6, 3.0] -1.2 (-6.1, 3.7) -0.9 (-5.9, 4.0) 

Processed meat intake 

(g/day), mean ± SD 

   

  No CRNc 3.9 ± 25.4 Reference Reference 

  CRNc 3.4 ± 23.7 -0.4 (-5.9, 5.0) -0.1 (-5.5, 5.3) 

Dairy intake (g/day), 

mean ± SD 

   

  No CRNc -32.1 ± 212.8 Reference Reference 

  CRNc -26.2 ± 159.7 5.9 (-36.4, 48.1) -0.2 (-43.3, 42.8) 
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Table 2 continued.    
Fruit intake (g/day), 

mean ± SD 

   

  No CRNc 4.1 ± 113.3 Reference Reference 

  CRNc -15.6 ± 119.4 -19.7 (-45.5, 6.0) -13.4 (-39.7, 12.8) 

Vegetable intake 

(g/day), median [IQR] 

   

  No CRNc -26.2 [-79.3, 30.5] Reference Reference 

  CRNc -15.1 [-61.8, 14.4] 8.1 (-8.7, 25.0) 9.4 (-7.8, 26.7) 

Fibre intake (g/day), 

median [IQR] 

   

  No CRNc -2.5 [-5.5, 1.0] Reference Reference 

  CRNc -1.0 [-4.7, 1.3] 0.5 (-0.9, 1.8) 0.5 (-0.9, 1.8) 
aChanges are calculated among those without a missing value at both baseline and follow-up i.e. among 319 for 
BMI, 298 for physical activity and 318 for all dietary intakes. Changes are expressed as mean ± SD for normally 
distributed variables and median [IQR, i.e. quartile 1 – quartile 3] for variables deviating from normality. 
bAdjusted for age, sex, education level, BMI and smoking status at baseline and the average of baseline and 
follow-up intake of the corresponding dietary or lifestyle factor. cThe CRN group includes participants with a 
CRN diagnosis between the baseline and follow-up measurement. If no CRN was diagnosed between baseline 
and follow-up, the participant was added to the no-CRN group. dPhysical activity level is calculated with the 
Baecke questionnaire40, 41. BMI, body mass index; CI, confidence interval; CRC, colorectal cancer; CRN, 
colorectal neoplasm: IQR, interquartile range: NSAID, non-steroidal anti-inflammatory drugs: SD, standard 
deviation. 

 

Sensitivity analyses 

Participants diagnosed with a CRN before baseline (n=160) were excluded in the sensitivity 

analysis. Of the 164 participants without a CRN diagnosis before baseline, 68 (41.5%) 

participants developed a CRN during observation time while 96 (58.5%) participants did not. 

The difference in percentage of smoking cessation between the CRN and no-CRN group 

increased with smoking cessation reported by 6 (75.0%) of the 8 smokers at baseline in the 

CRN group and 3 (25.0%) of the 12 smokers at baseline in the no-CRN group (data not shown). 

Differences in changes in physical activity, BMI, dietary intakes and NSAID use between the 

CRN group and no-CRN group tended to increase for most habits but remained statistically 

non-significant for all (data not shown).  
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Table 3. Smoking behaviour at baseline and at follow-up time by subgroup.a 
 Smoking status at follow-up 

No colorectal neoplasmb Current Former Never 

Smoking status at 

baseline 

Current (N=20) 13 (65.0) 7 (35.0) 0 (0.0) 

Former (N=75) 5 (6.7) 70 (93.3) 0 (0.0) 

Never (N=75) 0 (0.0) 3 (4.0) 72 (96.0) 

Colorectal neoplasmb Current Former Never 

Smoking status at 

baseline 

Current (N=29) 17 (58.6) 12 (41.4) 0 (0.0) 

Former (N=64) 1 (1.6) 63 (98.4) 0 (0.0) 

Never (N=48) 0 (0.0) 3 (6.3) 45 (93.8) 
aPercentages of those without missing values in smoking status. Reported values reflect n (%). Participants who 
reported to be current smoker at baseline and never smokers at follow-up (n=2) or to be former smoker at 
baseline and never at follow-up (n=5) were not taken into account. bParticipants with no colorectal neoplasm 
(CRN) includes those who did not develop a CRN between the baseline and follow-up measurement. 
Participants with a CRN includes those who developed a CRN between the baseline and follow-up 
measurement. CRN, colorectal neoplasm. 

 

Table 4. Body mass index (BMI) at baseline and at follow-up time by subgroup.a 
 BMI (kg/m2) at follow-upb 

No colorectal neoplasmc Underweight 

 

Normal 

weight 

Overweight 

 

Obese 

 

BMI 

(kg/m2) 

status at 

baselineb 

Underweight (N=1) 0 (0.0) 1 (100.0) 0 (0.0) 0 (0.0) 

Normal weight (N=109) 2 (1.8) 84 (77.1) 23 (21.1) 0 (0.0) 

Overweight (N=50) 0 (0.0) 7 (14.0) 37 (74.0) 6 (12.0) 

Obese (N=14) 0 (0.0) 0 (0.0) 2 (14.3) 12 (85.7) 

Colorectal neoplasmc Underweight 

 

Normal 

weight 

Overweight 

 

Obese 

 

BMI 

(kg/m2) 

status at 

baselineb 

Underweight (N=1) 1 (100.0) 0 (0.0) 0 (0.0) 0 (0.0) 

Normal weight (N=79) 1 (1.3) 67 (84.8) 10 (12.7) 1 (1.3) 

Overweight (N=53) 0 (0.0) 6 (11.3) 40 (75.5) 7 (13.2) 

Obese (N=12) 0 (0.0) 0 (0.0) 2 (16.7) 10 (83.3) 
aPercentages of those without missing values in BMI. Reported values reflect n (%). bUnderweight reflects a 
BMI<18.5 kg/m2, normal weight a BMI of 18.5-25.0 kg/m2, overweight a BMI of 25.0-30.0 kg/m2 and obese a 
BMI≥30 kg/m2. cParticipants with no colorectal neoplasm (CRN) includes those who did not develop a CRN 
between the baseline and follow-up measurement. Participants with a CRN includes those who developed a 
CRN between the baseline and follow-up measurement. BMI, body mass index; CRN, colorectal neoplasm. 
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Discussion 

We investigated whether a CRN diagnosis is associated with changes in dietary and lifestyle 

habits in persons with LS. Apart from a potentially higher likelihood of smoking cessation, we 

found no evidence for an association between a CRN diagnosis and changes in dietary and 

lifestyle habits in persons with LS. 

This is the first study on changes in diet and lifestyle following a CRN diagnosis in 

persons with LS. In the general population, it has been suggested that a cancer diagnosis may 

be a window of opportunity for healthy changes in diet and other lifestyle habits33-36. Several 

studies reported an increased fruit and vegetable intake, a decreased red meat intake and a 

decrease in BMI after a cancer diagnosis34-36. We did not observe this in our population. This 

may be explained by the high percentage of colorectal adenomas (89.0%) instead of carcinomas 

in the CRN group. Colorectal adenomas, precursor lesions of CRC, that are identified during 

surveillance colonoscopy are removed before they can progress into CRC. Therefore, it could 

be speculated that an adenoma, which is directly removed after identification without any 

additional treatment, will have less impact on diet and lifestyle as compared to a CRC or cancer 

diagnosis. However, due to the small numbers of CRC (n=16) and cancer cases (n=35) in our 

cohort, it was not possible to further study changes in dietary and lifestyle habits in these cancer-

affected subgroups. Hence, a possible differential impact of a (colorectal) cancer diagnosis as 

compared with an adenoma diagnosis on changes in dietary and lifestyle habits in persons with 

LS could not be eliminated in this study.  

Despite the absence of an association between CRN diagnosis and changes in most 

dietary and lifestyle habits in our population, we did observe a higher percentage of smoking 

cessation in those with a CRN than in those without a CRN. This result was even stronger when 

the analyses were repeated in participants without a CRN diagnosis before baseline only. 

Similar findings have been observed for cancer-affected persons vs. cancer-free persons in 

studies among the general population33, 36. It should however be mentioned that in our study the 

number of current smokers who quit smoking was too small to allow additional adjustments for 

other factors that may potentially influence a change in smoking behavior in the statistical 

analyses. Therefore, these results must be interpreted with caution. Still, our findings carefully 

suggest that a CRN diagnosis might trigger smoking cessation in persons with LS.  

Our study has some limitations which should be considered. First, we relied on self-

reported measures of dietary and lifestyle factors, which may be subject to recall bias to promote 

social desirability. However, if social desirable answers were given, it is not likely to have 

affected those with and without a CRN diagnosis differently. Second, information on dietary 
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and lifestyle habits was collected at a median of 27.5 months after the most recent CRN 

diagnosis during observation time. Hence, it is possible that in our study short-term changes in 

diet and lifestyle were missed but long-term changes could still be captured. Nevertheless, 

previous studies reporting on changes in diet and lifestyle after a cancer diagnosis in the general 

population had similar33, 36, or even longer34 lengths of follow-up since diagnosis. We therefore 

do not expect that time since CRN diagnosis has had much impact on our results. A third 

limitation is that, although all participants had been aware of their LS diagnosis before study 

inclusion, we do not know when participants became aware of their LS status. It could be 

hypothesized that a diagnosis of a genetically inherited syndrome may trigger a change in 

dietary and lifestyle habits and that this change already occurred before our study inclusion. A 

study by Ramsey et al.43 found that hypothetical testing for a gene variant predisposing to CRC 

increased participants’ motivation to adopt healthier diet and exercise behaviors. A similar 

finding was observed by Brodersen et al.44. In that study, first degree relatives of CRC patients 

at high risk of CRC, based on hypothetical genetic test results, more often anticipated leading 

a healthier lifestyle compared to those at low risk. Nevertheless, an increased motivation for 

behavioral change, as found in these studies, does not necessarily imply changes will occur. For 

instance, Kim et al.45 found that LS mutation carriers who discovered their genetic 

predisposition to CRC were not more likely to quit smoking compared to LS carriers who did 

not obtain their genetic test results. Moreover, in a qualitative study among a population similar 

to ours, Visser et al.46 found that receiving a LS diagnosis was not reported as an important 

determinant of adherence to lifestyle recommendations and was actually found to be a barrier 

in adapting to a more healthy lifestyle. We therefore expect that the LS diagnosis has had little 

to no effect on our results. A final consideration relates to the generalizability of our study 

sample. Participants were recruited via a hereditary cancer registry and hospitals and were 

therefore more likely to originate from LS families with the highest risk of cancer. It may hence 

not be a random sample of the total LS population. Generalizing the findings to all LS mutations 

carriers might therefore not hold.  

Strengths of this study include the prospective and longitudinal design which enabled 

us to investigate changes in dietary and lifestyle habits over time in one of the largest cohorts 

including persons with LS worldwide. Moreover, we were able to collect detailed data on a 

wide range of modifiable risk factors which are associated with many cancer types in the general 

population.  

In conclusion, apart from a potentially higher likelihood of smoking cessation, we found 

no evidence that a CRN diagnosis is associated with changes in dietary and lifestyle habits in 
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persons with LS. The growing evidence that a healthy diet and lifestyle may modify LS-

associated cancer risk highlights the need to identify effective support for health behavior 

change in persons with LS. 
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The overall aim of this thesis was to evaluate associations between lifestyle-related factors, i.e. 

the inflammatory potential of the diet, height and body mass index (BMI) at young adulthood, 

with various tumour types for persons with Lynch syndrome (LS). It was also explored whether 

a colorectal tumour diagnosis (i.e. colorectal adenoma or colorectal carcinoma) was associated 

with a change in lifestyle habits for persons with LS. 

 

Below a summary of the results of this thesis is provided. These results are compared to results 

of previous publications for persons with LS and for persons with cancer in the general 

population. Subsequently, it is discussed whether inconsistent results or contradictions in results 

can be explained by suggested underlying biological mechanisms or by methodological 

considerations. Moreover, the generalizability of the study results is addressed. Finally, an 

overall conclusion is drawn, potential clinical implications are mentioned and suggestions for 

future research directions are provided. 

 

Summary of thesis results and comparison with previous publications 

The inflammatory potential of the diet 

In chapter 2, no evidence was observed for an association between the inflammatory potential 

of the diet and colorectal tumour risk, which means that a more pro-inflammatory potential of 

the diet did not increase or decrease the risk of colorectal tumours for persons with LS       

(Figure 1). Apart from this study, no other studies exist in which the association between the 

inflammatory potential of the diet and the risk of colorectal tumours has been investigated for 

persons with LS. 

By now, a number of studies on the association between the inflammatory potential of 

the diet and colorectal cancer risk for the general population have been published. These studies 

were summarized in two meta-analyses1, 2. In both meta-analyses, the same nine studies were 

evaluated which included five case-control studies and four prospective cohorts. A 1-unit 

increment in the dietary inflammatory index increased the risk of colorectal cancer by 7% 

(relative risk [RR] 1.07, 95% confidence interval [CI] 1.04-1.10)1 and 6% (RR 1.06, 95% CI 

1.04-1.08)2. Within a large cross-sectional study of 23 788 men and 20 467 women, men with 

the most pro-inflammatory potential of the diet had a 41% (odds ratio [OR] 1.41, 95% CI 1.23-

1.62) higher likelihood of distal colorectal adenomas compared with men with the most anti-

inflammatory potential of the diet3. For women, a weaker statistically non-significant higher 

likelihood of distal colorectal adenomas was observed for those with the most pro-inflammatory 

vs. most anti-inflammatory potential of the diet (OR 1.08, 95% CI 0.91-1.29)3.   
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Thus, no evidence was found for an association between the inflammatory potential of 

the diet and colorectal tumours risk for persons with LS whereas for the general population, a 

more pro-inflammatory potential of the diet seems to increase the risk of colorectal cancer, 

while little is known for colorectal adenomas. This might suggest a different influence of the 

inflammatory potential of the diet on LS-associated colorectal tumour risk versus colorectal 

tumour risk for the general population.  

 

Height 

No evidence was observed for an association between height and colorectal cancer for men and 

women with LS in chapter 3 of this thesis (Figure 1). Similarly, no evidence was observed for 

an association between height and endometrial cancer for women with LS in that chapter. 

Previously, conflicting results have been published regarding height and colorectal cancer for 

persons with LS. In a Canadian case-control study, women suspected to have LS based on their 

family history were found to have a 47% (OR 1.47, 95% CI 1.16-1.87), 53% (OR 1.53, 95% CI 

1.20-1.96) or 127% (OR 2.27, 95% CI 1.46-3.59) higher likelihood of colorectal cancer with a 

height from 1.55 meter to 1.65 meter, 1.65 meter to 1.75 meter, or 1.75 meter and taller versus 

being shorter than 1.55 meter, respectively4. However, no association was observed for men4. 

In contrast, for colorectal adenomas instead of colorectal cancer, previous results with 

prospectively collected data of the GEOLynch study showed a 57% (hazard ratio [HR] 0.43, 

95% CI 0.23-0.83) decreased risk for men with each 5 cm increment in height5. However, no 

association was observed for women5. In the general population, a meta-analyses of fourteen 

studies showed a 4% (RR 1.04, 95% CI 1.02-1.05) increased risk of colorectal cancer for each 

5 cm increment in height6 for both men and women, while in two studies no association was 

observed between height and colorectal adenomas for men7 and men and women combined8. 

However, one study observed a 71% (OR 1.71, 95% CI 1.28-2.29) higher likelihood of distal 

colorectal adenomas for the tallest versus shortest women9. Overall, it is not clear if height is 

associated with colorectal tumour risk for persons with LS whereas for the general population, 

being taller seems to increase the risk of colorectal cancer, while studies on the association 

between height and colorectal adenomas are too limited for a conclusion.  

No studies have been published in which the association between height and 

endometrial cancer for women with LS has been investigated. For the general population, a 

15% (RR 1.15, 95% CI 1.09-1.22) increased risk of endometrial cancer for each 10 cm 

increment in height was presented in a meta-analysis of thirteen cohort studies10.  
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BMI at young adulthood 

In chapter 4 of this thesis it was evaluated whether BMI at young adulthood is associated with 

cancer at all sites and with cancers located outside the colorectum (extra-colonic) for men and 

women with LS separately, and with cancers located outside both the colorectum and 

endometrium for women with LS (Figure 1). Whereas no statistically significant sex difference 

in risk estimates was observed for the association between BMI at young adulthood and the risk 

of cancer at all sites, a positive association was found for women (HRper 5 kg/m2 1.27, 95% CI 

1.10-1.47), while no association was observed for men (HRper 5 kg/m2 1.00, 95% CI 0.85-1.17). 

No association between BMI at young adulthood and the risk of extra-colonic cancer for men 

and women, and the risk of cancer located outside both the colorectum and endometrium for 

women was observed. Previously, a 5 kg/m2 increment in BMI at young adulthood has been 

associated with a 30% (HR 1.30, 95% CI 1.08-1.58) increased risk of colorectal cancer for men 

and women with LS included in the Colon Cancer Family Registry (CCFR)11. A higher BMI at 

young adulthood was not associated with the risk of colorectal tumours in prospective analyses 

with data of the GEOLynch study5. CCFR data did not show an association between BMI at 

young adulthood and the risk of endometrial cancer12. In contrast, for the general population, a 

higher BMI at young adulthood was associated with a higher risk of colorectal and endometrial 

cancer, and several other types of cancer but, for women, an association with a decreased risk 

of pre- and postmenopausal breast cancer was observed13. In this meta-analysis of four case-

cohort studies, 24 case-control studies and 29 prospective cohort studies, no sex-specific 

differences in risk estimates were observed13. Another prospective cohort study in the general 

population observed for women that being obese at young adulthood (BMI ≥27.5 kg/m2) was 

associated with a 44% increased colorectal cancer risk compared to those with a BMI between 

15 and 19 kg/m2, while this was not observed for men (HR 1.44, 95% CI 1.06-1.95 for women 

and HR 1.18, 95% CI 0.84-1.65 for men)14. However, the sex-specific risk estimates were not 

statistically significantly different from each other. In summary, a higher BMI at young 

adulthood seems to be associated with an increased risk of colorectal cancer, but not colorectal 

tumours and endometrial cancer, for persons with LS. For the general population, a higher BMI 

at young adulthood is associated with an increased risk of several types of cancer including 

colorectal and endometrial cancer, while for women of the general population it is associated 

with a decreased risk of both pre- and postmenopausal breast cancer. 
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Colorectal tumours and a change in lifestyle habits 

In chapter 5 of this thesis, it was explored whether a colorectal tumour diagnosis was associated 

with a change in lifestyle habits. No evidence was observed for a change in lifestyle habits after 

a colorectal tumour diagnosis apart from a potential higher likelihood of smoking cessation in 

those diagnosed with a colorectal tumour compared with those not diagnosed with a colorectal 

tumour. No previous observational quantitative studies have been published for persons with 

LS in which the association between a tumour diagnosis and a change in lifestyle habits has 

been investigated. 

Generally, a change in lifestyle habits after a cancer diagnosis can be measured by 

identifying cancer cases and ask them about lifestyle habits before their cancer diagnosis and 

current lifestyle habits. With this retrospective approach, a (favourable) change in diet, physical 

activity, BMI and smoking after a cancer diagnosis is often reported for the general 

population15-19. In prospective studies in which changes in lifestyle habits are based on 

measurements before and after a cancer diagnosis, those diagnosed with cancer showed a 

decrease20 or increase in BMI21, increase or decrease in the intake of several dietary 

components21, 22 and a tendency to quit smoking20, 21. A decrease in physical activity19, 23 and 

an increase in sedentary time23 after a cancer diagnosis is also observed. Not all studies included 

a cancer-free comparison group in their study to investigate if observed or reported changes in 

lifestyle habits are different in persons with cancer compared to those without cancer. Those 

who did compare changes in lifestyle habits between cancer-affected and cancer-free persons, 

show inconsistent results20, 21, 24, 25. Overall, for the general population, some changes in lifestyle 

habits are reported, but results are inconsistent and it is not clear if a cancer diagnosis is 

associated with such changes or if they follow secular trends. 

 

Thus, in summary, the aim of this thesis was to evaluate associations between the inflammatory 

potential of the diet, height, BMI at young adulthood, and various tumour types for persons 

with LS. Moreover, it was also explored whether a colorectal tumour diagnosis was associated 

with a change in lifestyle habits for persons with LS. In this thesis, no evidence was found for 

an association between the inflammatory potential of the diet and the risk of colorectal tumours, 

and between height and the risk of colorectal or endometrial cancer for persons with LS. BMI 

at young adulthood was found to be positively associated with the risk of cancer at all sites for 

women, but not for men with LS. Moreover, besides a potential higher likelihood of smoking 

cessation after a colorectal tumour diagnosis, no evidence was found for an association between 

a colorectal tumour diagnosis and a change in lifestyle habits for persons with LS. Overall, the 
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observed associations between lifestyle-related factors and tumour risk for persons with LS and 

between a colorectal tumour diagnosis and a change in lifestyle habits in this thesis do not 

always agree with results of research on those associations for the general population. The 

inconsistent or conflicting results for associations between lifestyle-related factors and tumour 

risk for persons with LS versus the general population may be due to differences in biological 

mechanisms leading to tumour development in LS versus the general population. Moreover, 

methodological differences may explain why results are inconsistent, even if associations are 

investigated in groups of persons with LS only. Hence, below is discussed if the inconsistent or 

conflicting results can be explained by suggested biological mechanism or methodological 

considerations. 

 

Biological mechanisms 

In general, the results of the studies on lifestyle-related factors in relation to tumour risk 

described in this thesis (i.e. the inflammatory potential of the diet, height and BMI at young 

adulthood for men) are not in agreement with results observed for the general population. This 

could be due to differences in molecular pathways of tumour development for LS-associated 

tumours versus sporadic tumours diagnosed in the general population. The majority of LS-

associated tumours, especially colorectal cancers, show loss of mismatch repair (MMR) protein 

expression and microsatellite instability (MSI) which is observed in >95% of the LS-associated 

colorectal cancers26-32 versus in about 15% of the sporadic tumours26, 33. Moreover, a tumour-

surrounding local inflammatory response that suppresses tumorigenesis is often presented in 

LS-associated colorectal tumours33-35. The molecular pathway by which LS-associated tumours 

arise hence appear to differ from sporadic cancers. The difference in molecular characteristics 

and pathways of cancer development for LS-associated cancer compared with sporadic cancers, 

may hamper the applicability of underlying mechanisms of cancer development in the general 

population to that in persons with LS. It may hence explain why no association was observed 

between the inflammatory potential of the diet, height and BMI at young adulthood, and LS-

associated colorectal tumours, endometrial cancer, or extra-colonic cancers, while those 

lifestyle-related factors seem to be associated with cancer risk for the general population.  

For colorectal cancer specifically, a multiple stage development of colorectal cancer has 

been proposed which would classify a colorectal adenoma as precursor lesion of colorectal 

cancer36. Recently, a new pathway for LS-associated colorectal cancer has been identified in 

which normal mucosa with MMR-deficient crypt foci directly progress to colorectal cancer 

without adenoma or polyp formation32. Studies on lifestyle-related factors with LS-associated 
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colorectal adenoma development can therefore not be directly extrapolated to studies that use 

colorectal cancer as endpoint. This may explain why in previous analyses with data of the 

GEOLynch study an increase in height for men was strongly associated with a decrease in 

colorectal adenoma risk, while such association was not observed for colorectal cancer with 

harmonized data of both the GEOLynch study and CCFR in chapter 3 of this thesis.  

 

Methodological considerations 

In research, the choice of, among others, study designs and data-analyses can threaten the 

internal validity of study results. Below, several methodological issues and their potential 

impact on the results of the chapters of this thesis are considered. Those considerations mainly 

concern combining different datasets including participant recruitment, harmonization of 

confounding covariates and power. Moreover, consequences of the applied data analyses to 

adjust for ascertainment bias and confounder selection are discussed. At the end of this section, 

the external validity is considered. 

 

Participant recruitment 

In chapter 3 and 4 of this thesis, a dataset with combined data from the GEOLynch study5 and 

CCFR37, 38 has been used. Combining datasets can introduce bias due to differences in, among 

others, participants recruitment, or due to data harmonization. Data of the CCFR has already 

been harmonized since the CCFR is a consortium of six centres in four countries and procedures 

for participants recruitment and data collection are not completely similar in each centre37, 38. 

However, all study protocols and procedures have been developed in close collaboration and 

hence it is not expected that strong biases have been introduced this way. On the other hand, 

study protocols and procedures of the GEOLynch study have been developed independently of 

those of the CCFR. As a consequence, recruitment of persons with LS differed between the 

GEOLynch and CCFR (Figure 2). For the GEOLynch study, included participants were known 

carriers of a LS-causing pathogenic variant before study inclusion, while in the CCFR included 

participants were newly identified persons with LS. Therefore, GEOLynch participants 

received colonoscopy surveillance before study inclusion while those of the CCFR did not. This 

may theoretically result in a lower percentage of colorectal cancer diagnosis for GEOLynch 

participants compared with CCFR participants because colonic surveillance is, among others, 

aimed at removing precursor lesions of colorectal cancer to prevent its progression to colorectal 

cancer. Indeed, in chapter 3 colorectal cancer was more often diagnosed in CCFR participants 

compared with GEOLynch participants (48.9% and 29.3% respectively [data not shown]). 
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Combined with the fact that Dutch persons are among the tallest in the world39, and therefore 

GEOLynch participants are taller than CCFR participants, this may introduce a dilution of any 

true positive association between height and colorectal cancer. Therefore, for data analyses with 

colorectal cancer as outcome, person time for GEOLynch participants ended at the first 

surveillance colonoscopy to increase comparability with CCFR participants. Since the 

subsequent observed risk estimates did not differ by cohort, it is not expected that the 

differences in participants recruitment will have introduced biases that may explain the 

observed results for the investigated associations with the combined data. 

 

Harmonization of confounding covariates 

Harmonizing data will increase the number of study participants but can also result in a loss of 

details of covariates because the cohort in which the least detailed information was requested 

will be leading. For the harmonized data of the GEOLynch and CCFR, harmonization of 

education level and level of physical activity could not be performed perfectly since educational 

systems differed between countries and questions about physical activity level were asked with 

a lot more details regarding specific sports activities and age-period of performed activities in 

CCFR participants compared with GEOLynch participants. In our combined analyses, cohort 

specific categories were used for education level. For physical activity, cohort specific tertiles 

were created based on adult physical activity levels to reflect physical activity levels at young 

adulthood for GEOLynch participants and physical activity level in the age period 20 to 30 

years was used to reflect physical activity level at young adulthood for CCFR participants. As 

a consequence of using the above-mentioned harmonization, the lowest level of education or 

physical activity of GEOLynch participants may not be completely comparable to the lowest 

level of education or physical activity for CCFR participants. This may have introduced 

imperfect adjustment for education and physical activity in the analyses where these variables 

were considered as a confounder. For CCFR participants, tertiles of physical activity level in 

the age period 30 to 50 years and ≥50 years were moderately correlated with physical activity 

level in the age period 20 to 30 years (ρ of 0.56 and 0.44, respectively). Hence, the 

categorization of physical activity level at young adulthood based on adult physical activity 

level for GEOLynch may have classified some participants with a high physical activity level 

at young adulthood in reality as having a low physical activity level based on current level of 

physical activity. Since the GEOLynch participants had a lower BMI at young adulthood as 

compared with CCFR participants, those with a lower BMI may have been more likely to be 

misclassified regarding their physical activity level at young adulthood when the association 
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between BMI at young adulthood and cancer risk was evaluated. It is not known if and in which 

direction imperfect confounder adjustment as a consequence of the harmonization of the 

variables education level and physical activity level at young adulthood may have influenced 

the results observed in chapter 3 and 4 of this thesis.  

 

Power 

The international collaboration was established to increase power for investigating sex-specific 

associations between lifestyle-related factors and colorectal cancer, endometrial cancer and 

other less common extra-colonic cancer types for persons with LS. However, since colorectal 

cancer is often the first manifesting tumour in persons with LS, numbers of extra-colonic 

tumours remain relatively low when using Cox proportional hazard regression models in which 

persons are censored at their first event to analyse the data. This caused a suboptimal power for 

the associations between BMI at young adulthood and extra-colonic cancers for men, and 

between BMI at young adulthood and cancers located outside both the colorectum and 

endometrium for women (a power of 58% and 72%, respectively, if a 30% increased risk per  

5 kg/m2 increment in BMI at young adulthood was hypothesized11). In sensitivity analyses in 

which not the first diagnosed cancer was considered to end person time but in which the first 

diagnosed cancer of interest, i.e. extra-colonic cancers, ended person time, sufficient power was 

obtained. Nevertheless, no associations were observed then either. This may suggest that there 

is no association between BMI at young adulthood and extra-colonic cancer for men and 

women, and cancers located outside the colorectum and endometrium for women with LS. 

 

Ascertainment bias 

The GEOLynch participants were known carriers of a LS-causing pathogenic germline variant 

before study enrolment whereas CCFR participants were newly identified carriers of a LS-

causing pathogenic germline variant (Figure 2). In the Netherlands, persons can be identified 

to carry a LS-causing pathogenic variant in regular health care via two ways. Firstly, cancer-

affected or cancer-unaffected persons can be referred to a clinical geneticist for a family or 

personal history of young onset (colorectal) cancers (clinic-based). Subsequent germline 

mutation testing may identify their LS status. Secondly, more recently it is recommended that 

all colorectal cancers diagnosed in persons below the age of 70 years, irrespective of family 

history, in the Netherlands are immunohistochemically stained for MMR proteins or tested for 

MSI40 (population-based). In case of a deficiency in MMR protein expression or a MSI-high 

tumour, referral to a clinical geneticist and subsequent germline mutation testing may reveal a 
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pathogenic variant in one of the MMR genes leading to LS. In the CCFR, participants with LS 

have also been identified both clinic- and population-based as part of the study protocol. Clinic-

based identified participants are more likely to originate from families with many cancer cases. 

The selection of persons with LS for both studies is therefore based on a personal or family 

history of (mainly colorectal) cancer and not random with respect to the evaluated outcomes in 

this thesis, i.e. colorectal, endometrial, and other cancers. This may results in an oversampling 

of cancer-affected persons with LS and hence ascertainment bias when a retrospective approach 

is used to evaluate the associations between height and BMI at young adulthood and several 

types of cancer (chapter 3 and 4). As a consequence, if height or BMI at young adulthood would 

in reality be positively associated with cancer for persons with LS, the risk estimate might be 

biased to zero, i.e. no association, because too many (future) cancer cases are included in the 

comparison group. By differentially weighing the cancer-affected and cancer-unaffected 

participants, i.e. by using a weighted cohort approach41, adjustments for this ascertainment bias 

were made. Weights were, where possible, calculated based on cancer incidences observed for 

the general population multiplied by the increased risk observed for persons with LS. Cancer 

risk estimates for persons with LS are not clearly delineated for all LS-associated cancer types. 

Therefore, to calculate weights for the associations between BMI at young adulthood and cancer 

risk, cancer incidences for the general population without multiplying by increased risk 

estimates were used for the association with extra-colonic cancers for men and women, and 

with cancers outside both the colorectum and endometrium for women. Using cancer incidences 

for the general population only, probably underestimates the true incidence for persons with LS 

and hence the used weights were not correctly specified in these analyses. As a consequence, 

the observed associations between BMI at young adulthood and extra-colonic cancer and both 

extra-colonic and extra-endometrial cancer may be biased. Nevertheless, associations are 

suggested to be less biased when using cancer incidences which are lower than the true 

incidence to calculate weights compared with using no weights to adjust for ascertainment 

bias41. To prevent ascertainment bias, it would be better to analyse data with a prospective 

approach instead of the retrospective approach used to evaluate the associations between height, 

BMI at young adulthood and several types of LS-associated cancers. However, for a prospective 

approach a large number of persons with LS should be followed for a long time to obtain 

sufficient power, which severely hampers the feasibility of such an approach.  
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Confounder selection 

Within the articles of this thesis, adjustments for confounding covariates have been applied to 

prevent any inference with other variables in the studied association, i.e. to get as close to a 

causal inference as possible. Those confounding covariates have been identified in two ways in 

this thesis. A classical way of confounder selection based on statistical criteria has been used to 

evaluate associations between the inflammatory potential of the diet and colorectal tumour risk 

(chapter 2), between BMI at young adulthood and cancer risk (chapter 3), and between 

colorectal tumours and a change in lifestyle habits (chapter 5). For this classical way, potential 

confounding covariates were identified based on combinations of confounders used in the 

literature, a statistically significant univariate association between the covariate and both the 

exposure and the outcome, and/or a change in the risk estimate of the exposure by more than a 

pre-specified threshold if the potential confounder is added to or removed from the model. It is 

common to use such an approach, however, identifying confounding covariates based on 

statistical criteria only, ignores causality of the identified associations. Therefore, this classical 

approach may, besides adjusting for true confounding, also introduce confounding without 

noticing42. To prevent the accidental introduction of confounding with this classical approach, 

causal diagrams43 were created to identify confounding covariates for the association between 

height and both colorectal and endometrial cancer risk (chapter 4). Causal diagrams are created 

before performing data analyses and represent underlying causal relationships of the studied 

association. Judgement of causality and directions of relationships between covariates for 

causal diagrams is based on existing studies. Using causal diagrams to identify confounding 

covariates is time-consuming but transparent and, if applied properly, will prevent introducing 

bias by over-adjusting or adjusting for non-confounding covariates. However, a proper 

application is challenging because results from research on associations between several 

covariates cannot always rule out non-causality or clarify in which direction an (causal) 

association runs. Consequently, using a causal diagram that is created on the basis of a wrong 

assumption of causality between two covariates may also introduce bias. Confounding 

covariates identified by a causal diagram for the association between height and colorectal and 

endometrial cancer overlapped with those identified by the classical approach used in 

previously published articles44-46. Due to the overlap in identified confounding covariates 

between the causal diagrams and classical approach, it is not expected that using the classical 

approach of confounder selection in chapter 2, 3 and 5 or using a causal diagram to identify 

confounding covariates in chapter 4 can explain the observed null results. 
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External validity 

External validity refers to whether the results obtained in this thesis can be generalized to all 

persons with LS. The majority of study participants in this thesis are originating from families 

with an LS-causing pathogenic variant in either the MLH1 or MSH2 gene (percentages ranging 

from 36% to 39% and 40% to 44%, respectively). Characteristics of the global LS population 

are unknown, because if no germline mutation testing is performed, it is not known who is and 

who is not carrying a LS-causing pathogenic variant. The clinic-based approach to identify 

persons with LS will especially identify those originating from families with a highly penetrant 

phenotype. Nowadays, several (inter)national guidelines in Europe and the USA recommend to 

use a population-based approach to identify persons who may have LS in which tumour 

immunohistochemical staining for DNA MMR proteins and/or MSI testing is suggested for all 

diagnosed colorectal cancers and sometimes also for endometrial cancers47-50. If implemented 

properly, this approach may increase the population confirmed to have LS. Moreover, it will 

probably shift the current predominance of highly penetrant mutations in the MLH1 and MSH2 

gene, such as often identified in persons who seek genetic counselling at clinics for a family 

cancer history, to a predominance of mutations in the less penetrant MSH6 and PMS2 gene51, 

52. As previously mentioned, the majority of study participants in this thesis are originating from 

families with an LS-causing pathogenic variant in either the MLH1 or MSH2 gene. Therefore, 

results may not hold for all persons with LS. 

 

Overall conclusion and clinical implications 

The studies described in this thesis add to the scientifically gathered information regarding 

lifestyle-related factors and the risk of tumours for persons with LS. With regard to the 

evaluated lifestyle-related factors, i.e. the inflammatory potential of the diet, height and BMI at 

young adulthood, a positive association was only observed between BMI at young adulthood 

and the risk of cancer at all sites, and only for women. In addition, a colorectal tumour diagnosis 

did not seem to trigger a change in lifestyle factors. The question mark that ends the subtitle of 

this thesis, i.e. Genes load the gun, lifestyle pulls the trigger?, will therefore remain and cannot 

be replaced by a period (yet).  

 

The limited number of studies combined with inconsistent or null results (Figure 1) do not allow 

for LS-specific lifestyle recommendations yet. However, based on this thesis and previous 

results5, 11, 12, 44, 53-66, current cancer prevention recommendations do not seem to be harmful for 

the cancer burden of persons with LS either and hence, the recommendation to eat a healthy 
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diet, to maintain a healthy body weight - also at young adulthood -, to be physically active and 

to not start smoking or to quit smoking67 may be suggested for persons with LS as well. 

 

Future research 

In this thesis, associations between lifestyle-related factors and cancer risk have been evaluated. 

A definite answer to the question Genes load the gun, lifestyle pulls the trigger?, cannot be 

provided yet based on the results of this thesis. Therefore, some suggestions for future research 

that may assist in answering this question for persons with LS are given below.  

It may be questioned if research on lifestyle-related factors and tumour risk for persons 

with LS should be continued for several reasons. At first, the mostly inconsistent and null 

associations observed in this thesis may suggest little influence of lifestyle-related factors on 

tumour risk. Secondly, a lack of changes in lifestyle habits was observed after a colorectal 

tumour diagnosis in the prospective study described in chapter 4 of this thesis. Thirdly, persons 

with LS did not adhere more to cancer prevention guidelines after increasing knowledge of 

those guidelines in a randomized controlled trial68. Finally, only few persons with LS reported 

that having LS or having a cancer diagnosis would facilitate adherence to cancer prevention 

recommendations in a qualitative study69. However, research on lifestyle-related factors and 

cancer risk for persons with LS may not only aim at identifying lifestyle-related factors that 

may be changed to decrease someone’s cancer risk, but it may also provide clues for 

mechanistic research on LS-associated cancer development. For example, height and BMI at 

young adulthood share similar underlying mechanisms in the general population, but in this 

thesis, only an association between BMI at young adulthood, and not height, and the risk of 

cancer was observed for women with LS. This may suggest that the small differences in 

underlying processes leading to height and BMI at young adulthood, e.g. adipose-tissue-derived 

hormones70, 71, remain interesting for future (mechanistic) research on LS-associated cancer. 

Research on lifestyle-related factors and cancer risk for persons with LS should hence not be 

discontinued. 

The lifestyle-related factors evaluated in this thesis were, similar to several previous 

studies on lifestyle-related factors and LS-associated tumour risk5, 11, 12, 53-58, 61, 72, based on a 

single measurement. It is not known if a change in lifestyle factors can influence subsequent 

cancer risk for persons with LS. In one study was observed that an increase in risk of LS-

associated colorectal adenomas was less high for former compared with current smokers56, 

while in another study a lower risk of colorectal cancer was observed for former smokers 

compared with current smokers60. This may suggest that a change can influence subsequence 
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tumour risk. Either randomized controlled trials with lifestyle interventions or long term 

prospective follow-up studies with regular lifestyle-related measurements and identification of 

cancer diagnoses are required to evaluate whether a change in lifestyle factors changes 

subsequent cancer risk for persons with LS. Unfortunately, the high costs of such studies 

combined with the difficulties in changing lifestyle habits for the general population and likely 

also for persons with LS68, 69, questions the feasibility of such studies. 

As previously mentioned, mechanisms by which lifestyle-related factors are suggested 

to influence colorectal cancer risk are based on research for the general population, while the 

molecular pathway by which LS-associated tumours develop are suggested to differ from 

sporadic cancers26-35. The most important characteristic of LS-associated tumours includes a 

deficiency in MMR protein expression. MMR deficiency can be an early or a late event in LS-

associated colorectal cancer development32, 73. A recent publication suggested one pathway in 

which MMR deficiency is a late event and two pathways in which MMR deficiency is an early 

event for LS-associated colorectal cancer development32, 74. For MMR deficiency as a late 

event, MMR proficient adenomas transform to MMR deficient adenomas after secondary MMR 

inactivation. The MMR deficient adenoma subsequently progresses to a carcinoma. The two 

pathways in which MMR deficiency is an early event in colorectal cancer development, start 

with MMR-deficient crypt foci. Those crypt foci may either progress to MMR-deficient 

adenomas and subsequently carcinomas or they progress directly into carcinomas without 

polypous formation. The latter pathway, in which the polypous formation appears to be skipped, 

is associated with the presence of somatically obtained variants in the CTNBB1 gene32, 75. This 

pathway is suggested to be responsible for a small proportion of all LS-associated colorectal 

cancers32, 75, but those cancers cannot be detected or removed at an early (polypous) state during 

colonoscopies. Therefore, colorectal cancers that are diagnosed despite colonoscopy 

surveillance may reflect those developed via the non-polypous pathway. Interestingly, persons 

with LS due to a pathogenic variant in the PMS2 gene do not seem to develop colorectal cancer 

once under colonic surveillance76. Moreover, in a small study no variants in the CTNBB1 gene 

were observed for colorectal cancers of PMS2 mutation carriers whereas such variants were 

observed for colorectal cancers of MLH1 mutation carriers74, 77. This may suggest that colorectal 

cancer for PMS2 mutation carriers only develop via the adenoma-carcinoma pathway36 and 

hence LS-associated colorectal cancer development may differ by mutated gene. It is not known 

if the influence of lifestyle-related factors differs by polypous or non-polypous LS-associated 

colorectal cancer development. The inconsistent results in associations between height and LS-

associated colorectal adenomas5 and colorectal cancer4, and between BMI at young adulthood 
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and LS-associated colorectal adenomas5 and colorectal cancer11, may suggest that a differential 

influence of height and BMI at young adulthood on polypous and non-polypous colorectal 

cancer development exist. Future studies in which the molecular characteristics, e.g. CTNBB1 

gene variants, of diagnosed colorectal cancers are considered in research on lifestyle-related 

factors and LS-associated colorectal cancer or in which risk estimates are presented by mutated 

gene, may help to identify if the involvement of lifestyle-related factors in LS-associated cancer 

differs by developmental pathways and mutated gene. 

In summary, future studies on lifestyle-related factors and tumour risk for persons with 

LS may focus on evaluating whether a change in lifestyle-related factors influences subsequent 

tumour risk. Preferably, such studies should consider molecular characteristics of the developed 

tumours and/or present results by LS-causing mutated gene.
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Lynch syndrome (LS) is caused by a dominantly inherited pathogenic variant in one of the DNA 

mismatch repair genes. Persons with LS are predisposed to early onset cancer, mainly colorectal 

and endometrial cancer, and colorectal adenomas which are precursor lesions of colorectal 

cancer. Cancer risk estimates are variable within and between families with the same mutated 

gene which suggests that, similar to cancer in the general population, lifestyle-related factors 

may be involved in cancer development. A limited number of studies on the influence of 

lifestyle-related factors on cancer risk exist for persons with LS. This thesis aimed at evaluating 

the association between the inflammatory potential of the diet and the risk of colorectal tumours 

(i.e. colorectal adenomas and carcinomas), between height and the risk of both colorectal and 

endometrial cancer, and between body mass index (BMI) at young adulthood and the risk of 

cancer at all sites and cancer outside the colorectum and/or outside the endometrium for persons 

with LS. It was also explored whether a colorectal tumour diagnosis was associated with a 

change in lifestyle habits. For the research aims, data of persons with LS residing in the 

Netherlands and participating in the GEOLynch study has been used separately or has been 

used after harmonization with data of persons with LS residing in Australia, New Zealand, 

Canada and the USA from the Colon Cancer Family Registry (CCFR). 

 

In chapter 2, dietary intake of 457 participants of the GEOLynch study was determined with a 

food frequency questionnaire (FFQ) and used to calculate the adapted dietary inflammatory 

index (ADII). A higher ADII score reflects a higher inflammatory potential of an individual’s 

diet. After a median follow-up time of 59 months, 200 (43.8%) participants developed a 

colorectal adenoma or carcinoma (CRT). A higher inflammatory potential of the diet was not 

associated with the risk of CRTs for persons with LS. 

 

Harmonized data of both the GEOLynch study and CCFR has been used to evaluate the 

association between height and colorectal cancer risk for men and women separately and 

between height and endometrial cancer risk for women in chapter 3. Self-reported height of 

1155 men and 1553 women was used and cancer diagnoses were obtained from or confirmed, 

where possible, in medical records and/or pathology reports. After 28 279 and 37 090 person 

years for men and women respectively, colorectal cancer was diagnosed in 511 (44.2%) men 

and 436 (28.1%) women. For endometrial cancer, 1544 women were included of whom 171 

(11.1%) were diagnosed with endometrial cancer after 39 227 person years. No evidence for an 
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association was observed between height and colorectal cancer for men and women, and 

between height and endometrial cancer for women with LS. 

 

In chapter 4, the association between body fatness, as reflected by BMI, at young adulthood 

and cancer risk for persons with LS was evaluated. Harmonized data of 1044 men and 1446 

women with LS from the GEOLynch and CCFR studies was used. BMI at young adulthood 

was calculated with self-reported height and recalled weight at the age of 18 or 20 years. Where 

possible, medical records and/or pathology reports were used to identify cancer diagnoses. A   

5 kg/m2 increment in BMI at young adulthood was associated with an increased risk of cancer 

at all sites for women, but not for men. No association was observed between BMI at young 

adulthood and cancer outside the colon for men and women with LS, and for cancers outside 

both the colorectum and endometrium for women with LS. 

 

Data of the GEOLynch study was used to explore if a colorectal tumour diagnosis was 

associated with a change in lifestyle habits for persons with LS in chapter 5. A FFQ and a 

general questionnaire about lifestyle habits were completed by 324 participants at both baseline 

and after a median follow-up of 82.0 [interquartile range, 71.4-86.3] months. A CRT was 

diagnosed in 146 (45.1%) persons between baseline and follow-up. Apart from a potentially 

higher likelihood of smoking cessation for those with a CRT diagnosis compared to those 

without a CRT diagnosis, no evidence was observed for a difference in change in intake of 

energy, alcohol, red meat, processed meat, dairy, fruit, vegetables and dietary fibre, and in adult 

BMI, physical activity level and non-steroidal anti-inflammatory drugs use for persons with LS. 

 

No previous research has been published in which the association between the inflammatory 

potential of the diet and colorectal tumour risk has been evaluated for persons with LS. Nor 

does another publication exist in which the association between a colorectal tumour diagnosis 

and a change in lifestyle habits has been investigated. For height and BMI at young adulthood, 

inconsistent results for the association between height and colorectal tumours were observed in 

previous research for persons with LS whereas a higher BMI at young adulthood was associated 

with an increased risk of colorectal cancer, but not for endometrial cancer. For the general 

population, a more pro-inflammatory potential of the diet seems to be associated with an 

increased risk of colorectal tumours, being taller or having a higher BMI at young adulthood 

increases the risk of colorectal and endometrial cancer, and inconsistent results are reported for 
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an association between a cancer diagnosis and a change in lifestyle habits. The observed 

contradiction in associations between lifestyle-related factors and tumour risk for persons with 

LS compared with the general population may be explained by differences in tumour 

development for persons with LS versus the general population. Moreover, the discovery of 

LS-associated colorectal cancer development without adenoma or polyp formation, may 

explain why associations between lifestyle-related factors and colorectal adenoma risk do not 

agree with studies in which LS-associated colorectal cancer was used as endpoint. 

Methodological issues that resulted from combining data of the GEOLynch study and CCFR, 

and consequences of the applied data analyses did not introduce biases to such an extent that 

they can explain the observed results of this thesis. 

 

Overall, results of this thesis suggest that the inflammatory potential of the diet and height are 

not associated with tumour development for persons with LS. For BMI at young adulthood, a 

positive association with cancer at all sites is observed for women, but not for men. A colorectal 

tumour diagnosis does not seem to trigger a change in lifestyle factors. Current cancer 

prevention recommendations for the general population do not seem to be harmful for the 

cancer burden in persons with LS and hence, the cancer prevention recommendation to eat a 

healthy diet and maintain a healthy body weight – also at young adulthood - may be suggested 

for persons with LS as well. Future studies to lifestyle-related factors and tumour risk for 

persons with LS may focus on evaluating whether a change in lifestyle-related factors 

influences subsequent tumour risk. Preferably, such studies should consider molecular 

characteristics of the developed tumours and/or present results by LS-causing mutated gene. 

The question mark that ends the subtitle of this thesis, i.e. Genes load the gun, lifestyle pulls the 

trigger?, will currently remain and cannot be replaced by a period (yet). 
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