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Abstract

Objective: The aim of this study was to evaluate health behaviors among colorectal cancer 

(CRC) patients and their at-risk relatives prior to undergoing genetic counseling and testing 

for Lynch syndrome and to examine associations between health risk behaviors and specific 

demographic and psychological variables.

Methods: Participants included CRC patients (n=319) and their cancer-unaffected relatives 

(n=110) who were enrolled in studies regarding Lynch syndrome genetic testing. Prior to 

undergoing genetic counseling or testing, participants completed a questionnaire including 

measures of demographic characteristics, health behaviors, cancer screening practices (Pap test, 

clinical breast exam, and mammogram), and psychological distress.

Results: Unaffected participants scored higher on a risk behavior index (RBI) than CRC patients 

(1.7 (SD=1.0) vs. 1.4 (SD=.09); p<.01). All female participants underwent cancer screening at 

rates similar to national data. Higher RBI scores were associated with being male, having less 

education, and age younger than 50 years old.

Conclusions: We identified several health behaviors for potential intervention, including 

smoking, alcohol use, and diet. Genetic counseling offers a promising avenue for education 

and risk behavior reduction in persons at increased risk for cancer due to a familial or genetic 

predisposition, and a teachable moment to introduce lifestyle modifications.
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Introduction

Lynch syndrome, or hereditary non-polyposis colorectal cancer (HNPCC), is an autosomal 

dominant condition characterized by a predisposition to several adult-onset cancers, most 

commonly colorectal cancer (CRC). Lynch syndrome is caused by mutations in DNA 

mismatch repair (MMR) genes (MLH1, MSH2, MSH6, and PMS2) that can be identified 

through clinical genetic testing [1-5]. MMR mutation carriers have a higher lifetime risk 

for several cancers compared with the general population; for example, CRC risk ranges 

from 74% to 82% for men and from 30% to 54% for women, and women have a 40% 

to 60% risk of endometrial cancer [6, 7]. Lynch syndrome confers modestly increased 

lifetime risks for other malignancies, including ovarian, stomach, small bowel, hepatobiliary 

tract, pancreatic, urinary tract, brain, and skin cancers [6, 7]. Consequently, individuals with 

Lynch syndrome are advised to follow high-risk management recommendations including 

annual colonoscopy (often initiated at age 20-25 years) and screening for endometrial 

cancer and other cancers associated with the syndrome [6]. Data support the efficacy of 

prophylactic hysterectomy and oophorectomy for gynecological cancer risk reduction [8].

Several lifestyle behaviors are known or suggested to increase risk for sporadic cancers 

that also occur in Lynch syndrome. Smoking, alcohol consumption, fat intake and red meat 

consumption have been associated with increased risk for CRC [9-20]. Diets high in fruits 

and vegetables and low in red meat consumption may reduce CRC risk [17-21]; additionally, 

dietary fiber has been considered protective, although more recent studies show conflicting 

results [22, 23]. Obesity is considered a risk factor for both CRC and endometrial cancer 

[24, 25], and physical activity may reduce CRC risk [26-28]. While studies point to the 

potential benefit of adopting healthy lifestyle behaviors to improve CRC prevention and 

control both for cancer survivors and those without a personal history of cancer [29-31], 

relatively little is known about the relationship between lifestyle behaviors with Lynch 

syndrome-associated cancer risks. The limited available data suggest that certain lifestyle 

factors, such as diet and smoking, may play a role in modifying cancer risk conferred by 

the highly penetrant MMR mutations that cause Lynch syndrome [32-34]. Although further 

research is needed in this area, there is expert agreement that advocating the potential 

benefits of dietary and lifestyle modifications to persons with Lynch syndrome is important 

to maintaining overall health [6]. Individuals affected with Lynch syndrome also are advised 

to follow screening recommendations for nonsyndrome cancers, such as Pap smears, clinical 

breast exams, and mammograms for women.

Previous research on health behaviors in Lynch syndrome has focused primarily on CRC and 

endometrial screening adherence and use of preventive surgery [35-37]. There are scant data 

regarding other health and prevention behaviors among persons at risk for Lynch syndrome. 

In studies that evaluated hypothetical responses to learning that one carried a gene mutation 
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increasing susceptibility to CRC, results suggested that individuals may be willing to make 

healthy lifestyle behavior changes as a result of learning their carrier status [38, 39]. even 

if found to be noncarriers [39]. These data suggest that individuals who undergo genetic 

testing for hereditary cancers may be motivated to improve their health and preventive 

behaviors [38, 39].

A limited number of studies have described lifestyle and preventive behaviors among 

individuals at risk for hereditary cancers, and most have focused on familial breast cancer. 

Risk behavior profiles (including smoking, physical activity, sun protection, diet, and 

alcohol intake) among women at increased breast cancer risk who underwent genetic 

counseling indicated that 41% reported one risk factor, 25% two risk factors, and 8% three 

or more risk factors; however, women’s overall risk behavior profiles were generally better 

compared to the general population [40]. Prevalence of screening behaviors was largely 

consistent with recommendations for women at increased risk for breast and ovarian cancer. 

[40]. Some studies have reported no association between having a strong family history of 

breast cancer and improved lifestyle behaviors [41, 42], while others have found that the 

diagnosis of breast cancer in a first-degree relative (FDR) motivated female relatives to make 

improvements in some behaviors [43, 44].

Genetic counseling for hereditary cancer risk may offer a teachable moment for encouraging 

improvements in lifestyle and prevention behaviors [45]. However, little is known about 

health behaviors of individuals who are at risk for Lynch syndrome. Our study sought to 

fill this gap in knowledge by examining the lifestyle behaviors of families at risk for Lynch 

syndrome. The aim of this study was to evaluate health behaviors among a sample of CRC 

patients and their at-risk relatives who were undergoing genetic counseling and testing for 

Lynch syndrome and to examine associations between health risk behaviors and specific 

demographic and psychological measures. Although this study was exploratory in nature, we 

hypothesized that younger persons, those with less education, higher affective distress, and 

unaffected FDRs would have a greater number of health risk behaviors.

Methods

Participants

This study was approved by the Institutional Review Board at The University of Texas 

M. D. Anderson Cancer Center. The study population included 429 adults who were 18 

years of age or older and who participated in concurrent studies from 1995-2002 involving 

Lynch syndrome genetic counseling and testing. Eligible CRC patients were recruited 

from gastrointestinal cancer clinics at M.D. Anderson and had a cancer family history 

that met the Amsterdam II criteria for Lynch syndrome [46] or otherwise suggested an 

increased risk of carrying a MMR mutation (e.g., CRC diagnosed at age ≤45 years; multiple 

relatives and/or generations affected with syndrome-related cancers). Biological relatives of 

mutation-positive CRC patients who were at a 25% or 50% risk of carrying a mutation also 

were eligible. In this analysis, affected participants included persons with a prior diagnosis 

of any cancer excluding nonmelanoma skin cancer, and unaffected participants included 

those with no personal history of cancer.
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Study Procedures

Data were collected as part of a longitudinal study of psychosocial outcomes associated with 

Lynch syndrome genetic counseling and testing, and study procedures have been described 

in detail elsewhere [47-49]. Genetic counseling and testing were provided at no cost to 

study participants as part of a concurrent companion protocol. Data for the present study 

were collected using questionnaires that were administered by telephone prior to genetic 

counseling and testing.

Measures

The questionnaire for this study has been described previously [47-49], and includes the 

following measures.

Demographics.—Demographic factors obtained included age, sex, race/ethnicity, 

education, marital status, household income, religious affiliation, and the presence of 

biological children.

Psychological variables.—The following psychological variables were assessed using 

validated measures:

a. Depression. The Center for Epidemiological Studies Depression Scale is a well­

validated, 20-item scale that measures frequency and intensity of symptoms of 

depression during the preceding week.[50]

b. Anxiety. The State-Trait Anxiety Inventory (STAI) is a 40-item scale that is used 

to measure state (i.e., transitory) and trait (i.e., stable) anxiety [51].

c. Social support. Social support was measured using the Social Support 

Questionnaire (short form developed by Sarason et al. [52]. It is a 12-item scale 

with two dimensions: SSN, number of people available for support, and SSS, 

satisfaction with that source of support.

d. Quality of Life (QOL). QOL was measured using the Ferrans and Powers 

Quality of Life Index (QLI) [53]. The QLI measures satisfaction across four 

life domains, including health and functioning, psychological and spiritual, 

socioeconomic, and family subscales.

Risk behaviors.—Smoking was assessed using standardized items from the Centers 

for Disease Control and Prevention (CDC) Behavioral Risk Factor Surveillance System 

(BRFSS)[54]. For the purposes of this study, participants were asked whether they had 

smoked in the preceding 7 days, smoked at least 100 cigarettes in their lifetime, their age 

at initiation of smoking, the number of years as a daily smoker, and the average number 

of cigarettes/day. Alcohol consumption was assessed using three questions: 1) have you 

consumed 12 or more alcoholic beverages such as beer, wine, or liquor in your lifetime; 2) at 

what age did you start drinking alcoholic beverages; and 3) approximately how many drinks 

of beer, wine, or liquor do you have in an average week? Fiber and fat consumption were 

assessed using a question from the Working Well Trial [55] that asked how high in fat/fiber 

the overall diet was, with responses ranging from very low to very high on a 5-point scale.
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Screening behaviors.—Screening utilization for non-syndrome cancers, specifically Pap 

smear, mammogram, and clinical breast exam, was queried for female participants. Items 

were adapted from the BRFSS [54] and assessed the date of the most recent exam as well as 

number of lifetime mammograms.

Statistical Analysis

We characterized health risk behaviors and screening practices among affected participants 

(n=319) and their unaffected relatives (n=110) and examined the associations between the 

health risk behaviors and specific demographic and psychological measures. A comparison 

of health risk behaviors with gender, race, education and age was made using contingency 

tables and chi-square analysis. Correlations among family members with regard to health 

risk behaviors were also evaluated. Statistical significance was defined as p<0.05. All 

analyses were performed using SAS 9.1 and SPSS for Windows 12.0.

Intraclass correlation coefficients (ICCs) were calculated to determine the correlation in 

risk behaviors among members of the same family. Families with 2 or more members 

were included in the analysis. ICCs were calculated using methods and formulas for binary 

outcome as specified by Snijders and Bosker [56]. ICC values were 0.15 for smoking, 0 for 

alcohol consumption, 0.05 for high-fat diet and 0.04 for low fiber consumption.

A classification of subjects based on psychological variables (depression, anxiety, QOL, and 

social support) was defined by cluster analysis (based on similar analytic methods described 

in Gritz et al., 2005 [49]). For both affected and unaffected participants, two well-defined 

clusters were identified in terms of the Euclidean distance between the cluster centers. These 

two clusters were then used as a basis for comparing health risk. Clusters 1 and 2 were 

characterized as low distress and high distress, respectively. Cluster 2, the high distress 

cluster, had significantly higher mean scores on depression and anxiety and lower mean 

scores on QOL, SSN, and SSS [57].

A risk behavior index (RBI) was computed on the basis of current smoking status, alcohol 

consumption of more than 14 drinks per week, high-fat diet, and lack of high fiber in the 

diet. Scores varied from 0 (no risk behaviors) to 4 (all risk behaviors). This method for 

computing risk indices has been utilized in other studies [40, 57].

A random regression model was used to model the RBI scores for predicting risk for all 

participants. Risk scores were regressed on affected status, demographic variables (sex, 

race, education, and age), and psychological distress, designated by distress cluster. Family 

of origin was entered as a random effect to adjust for potential correlation of risk within 

families. Regression coefficient estimates, standard errors, F statistics and p values were 

used to summarize the results. Reference categories for the categorical variables were female 

sex, white race, education above high school, and age 50 years or older.
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Results

Demographic Profile

Table 1 shows participants’ demographic characteristics. Compared to unaffected 

participants, those who were affected were older, more likely to be White and male, and 

a greater percentage reported a Protestant religious affiliation. Both groups were similar with 

respect to education, marital status, income, and number of biological children.

Risk Behavior Index (RBI)

Figure 1 depicts the distribution of the RBI scores for affected and unaffected participants. 

Approximately 10% of affected and 20% of unaffected participants reported 3 or more risk 

behaviors, and 20% and 12% reported zero risk behaviors, respectively. Chi-square analysis 

revealed a statistically significant difference between the risk distributions of the 2 groups 

(χ2 (3, N = 429) = 11.7; p=.02). In the affected group, the mean number of risk behaviors 

was 1.4 (SD=0.9), the median risk was 1.0, and the modal risk was 2.0. In the unaffected 

group, the mean risk was 1.7 (SD=1.0), the median risk was 2.0, and the modal risk was 2.0.

Screening and Health Behaviors

For the screening variables (Pap smear, clinical breast exam, and mammograms), the 

observed frequencies for both affected and unaffected women were similar to national 

BRFSS data as shown by the 95% confidence limits (Table 2). Similar to national data, the 

majority of female participants had undergone screening during the preceding two years.

Table 3 shows the prevalence of health risk behaviors among affected and unaffected 

participants. Current smoking was less prevalent among affected participants compared 

with unaffected participants (p<.001; age-adjusted p<.01) and national data. Alcohol 

consumption of more than 14 drinks per week was less prevalent in female participants 

than reported in the general population. A higher percentage of affected participants reported 

following a low-fat diet than did unaffected participants although the results were not 

statistically significant at the p<.05 level, and a statistically significant lower percentage of 

both affected and unaffected participants reported consuming a high-fiber diet compared 

with national data.

Among affected participants, a higher percentage of those 50 years and older were 

currently not smoking compared with those less than 50 years old (9% vs. 18%; p<.05) 

(data not reported in a table). Significant differences also were observed between alcohol 

consumption and sex, with a higher percentage of males consuming more than 14 drinks 

per week compared with females (11% vs. 4%; p<.05). More affected participants with 

some college reported following a low-fat diet compared to those with less education (44% 

vs. 30%; p<.05), as did those who were 50 years and older compared to those less than 

50 years old (45% vs. 32%; p<.05). A higher percentage of White affected participants 

reported following a high-fiber diet compared with those who were nonwhite (46% vs. 27%; 

p<.05). In addition, a higher percentage of affected participants who were 50 years and older 

reported a high-fiber diet compared with those who were younger (49% vs. 36%; p<.05).
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Among unaffected participants, smoking status was associated with education, as a higher 

percentage of those without any college education were current smokers compared with 

those with at least some college education (48% vs. 22%; p<.05; age-adjusted p<.05) (data 

not reported in a table).

RBI, demographic characteristics and psychological distress

In univariate analysis, nonwhite race, age less than 50 years, and high distress were 

significantly associated with a higher RBI score in the affected group, while less education 

was associated with higher RBI scores in the unaffected group (Table 4).

Multivariate Analysis—A random regression model (Table 5) was used to model the RBI 

scores for predicting risk behaviors for all participants. Higher RBI scores were significantly 

associated with being male, having lower education, and being less than 50 years of age.

In exploratory analysis, interactions between race and education as well as sex and distress 

cluster were included in the model to determine whether specific subgroups had higher risk 

scores. These tests were treated as hypothesis-generating and interpreted with caution. When 

the interaction between race and education was included in the model, results were found 

to be significant (F=10.2, p<.001). When adjusted for affected status, age, sex, and distress 

cluster, the estimated mean risk scores for nonwhite participants with higher education 

were significantly higher than mean scores for white participants with higher education (1.9 

(SE=0.2) vs. 1.4 (SE=0.1), p<.05). The interaction between sex and distress cluster was not 

significant.

Discussion

An important benefit of genetic testing for Lynch syndrome is the ability to offer targeted 

recommendations for cancer risk reduction in MMR mutation carriers. Data are limited 

regarding the impact of environmental or lifestyle factors on risk for Lynch syndrome­

associated cancers. Nonetheless, following general guidelines for diet, tobacco and alcohol 

use, and preventive behaviors is considered important to maintaining overall health and 

quality of life in both cancer survivors and unaffected persons from families affected by 

Lynch syndrome [6, 30, 31, 58], as these persons may be at risk for non-syndrome cancers 

as well as other chronic diseases.

Prior to genetic counseling and testing, 60% of unaffected participants and 50% of CRC 

patients in our study reported two or more risk behaviors, including ones that are amenable 

to intervention such as smoking, alcohol use, and dietary behaviors. CRC patients in our 

study had a lower mean RBI score compared with cancer-unaffected participants. This 

difference may reflect improvements in lifestyle behaviors in response to a CRC diagnosis, 

which is consistent with other studies of cancer survivors [59, 60]. The prevalence of risk 

behaviors among unaffected participants is comparable with other studies that included 

populations at increased risk for CRC [57]. Among our participants, screening rates for 

breast and cervical cancer also were comparable to those observed in the general population. 

Our data suggest that members of families at risk for hereditary CRC may benefit from 

improvement in health risk behaviors.
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Persons who seek genetic testing may be motivated by the desire to learn about strategies for 

managing high cancer risk [35], and also may be receptive to making other health behavior 

changes [38, 39]. Those at risk for hereditary cancers may include cancer survivors as well 

as unaffected persons who themselves may have experienced one or more relatives’ cancer 

diagnoses. Although persons may make positive health behavior changes in response to a 

cancer diagnosis in a relative [43], it is not known whether such changes are sustained 

over time. In addition, having an awareness of one’s family cancer history may not be 

sufficient to motivate persons to adopt healthy lifestyle behaviors [41, 42]. Findings from 

qualitative research indicate that women who are at increased risk for breast cancer, due 

to their BRCA1/BRCA2 mutation carrier status or strong family cancer history, may be 

motivated to make positive changes in health behaviors [61, 62]. However, this research also 

suggests that women may not necessarily engage in health behaviors specifically to reduce 

breast cancer risk but rather for general health benefits, and that the relevance of lifestyle 

behaviors to breast cancer risk may be unclear [61] . This issue is salient to Lynch syndrome, 

given the limited data on how lifestyle behaviors moderate cancer risk in MMR mutation 

carriers, and points to the need to better understand how individuals make health behavior 

decisions in the context of genetic risk information. Research in this area is relevant to 

highly penetrant conditions such as Lynch syndrome, as well as to emerging uses of genetic 

testing for common, lower prevalence conditions involving multiple-risk alleles [63, 64].

Genetic counseling may offer a teachable moment for identifying and addressing needs 

for health behavior changes in persons at risk for Lynch syndrome [65]; however, the role 

of genetic counseling in accomplishing this task has not been systematically evaluated. A 

study that examined outcomes after BRCA1/BRCA2 genetic testing found no changes in 

diet, vitamin use or physical activity at 6 months following results disclosure [66] and 

concluded that counseling and testing had little impact on health behaviors. The authors 

suggested that the 6-month post-disclosure measurement point may not have allowed enough 

time to observe changes in health behaviors. Individuals may undergo genetic counseling 

primarily to learn about genetic risk information for themselves and their families, and may 

not expect to receive counseling on lifestyle behaviors and cancer risk [61]. Although it is 

considered appropriate to address health behaviors that may affect cancer risk during genetic 

counseling [67], there is no consensus as to how this information should be conveyed or 

the extent to which providers attempt to do so. Providers may be reluctant to emphasize 

health behavior changes during cancer genetic counseling due to the lack of evidence-based 

recommendations, a perceived higher priority of other information to be provided during 

a time-limited visit, and concerns about the potential psychosocial impact of providing 

lifestyle behavior information [68]. Nonetheless, genetic counseling may serve as a conduit 

for referring individuals to interventions aimed at health-promoting lifestyle behaviors. 

Indeed, interventions that target multiple risk factors have been effective among populations 

at risk for CRC, and can result in the improvement of multiple health behaviors [69]. As data 

emerge regarding the significance of lifestyle behaviors on cancer risk in Lynch syndrome, 

future work should evaluate optimal approaches for incorporating guidance about lifestyle 

behaviors into genetic counseling for Lynch syndrome, as well as potential barriers for doing 

so.
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This study had several limitations. We were unable to examine changes in lifestyle 

behaviors over time. These data only allowed us to examine associations among our 

variables using baseline data collected prior to genetic testing and counseling and prior 

to notification of genetic risk status based on MMR mutation testing. Further, our study 

participants may have represented a selected population that was willing to engage in 

research regarding genetic counseling and testing for Lynch syndrome, which may have 

in turn reflected a more positive orientation toward health-promoting behaviors in general. 

Another limitation is that diet was measured using single-item measures instead of a food 

frequency questionnaire, and physical activity was not assessed, thus future studies should 

include a more comprehensive collection of dietary and physical activity data.

To the best of our knowledge, this is the first study of health risk behaviors in a 

population of CRC patients and unaffected first-degree relatives at risk for Lynch syndrome. 

We identified several areas of potential intervention among persons at risk for Lynch 

syndrome, including smoking, alcohol use, and diet. Although the risks associated with 

Lynch syndrome cancer are significant, MMR mutation carriers remain at risk for other 

cancers not associated with the syndrome as well as chronic diseases, as do those who 

are found not to have a mutation or whose test results are of uncertain significance. Thus, 

adherence to lifestyle behaviors that are consistent with guidelines advocated by public 

health agencies (such as the CDC [54], the American Cancer Society [70], and the United 

States Preventive Services Task Force [71]) for tobacco and alcohol use, diet and physical 

activity, and early detection practices is important for these individuals. Genetic counseling 

and continued interaction with health care professionals may offer opportunities to assess, 

advise, and provide referral or direct interventions on these health behaviors. Further studies 

need to be undertaken to educate and intervene with individuals with Lynch syndrome and 

their family members about important lifestyle risk factors and to evaluate the adoption of 

healthy lifestyle behaviors that may potentially lower the risk of other cancers and comorbid 

diseases as well as increase overall quality of life.
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Figure 1. 
Percentage of affected and unaffected participants with each Risk Behavior Index score
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Table 1.

Participants’ demographic characteristics by personal cancer history (affected vs. unaffected)

Characteristic Affected
n=319
% (n)

Unaffected
n=110
% (n)

Age ≥50 yrs** 60% (192) 22% (24)

White race* 87% (278) 77% (85)

Education

≤HS 32% (103) 28% (31)

 Some college 31% (98) 29% (32)

 College degree or higher 37% (118) 42% (46)

Female sex* 49% (157) 65% (71)

Married marital status 76% (242) 67% (74)

Annual household income <$50 K 58% (183) 60% (65)

Religion**

 Catholic 25% (79) 24% (26)

 Protestant 64% (203) 47% (52)

 Jewish 1% (4) 0% (0)

 Other 10% (32) 29% (32)

≥1 Biological children 83% (212) 75% (81)

*
p<.05,

**
p<.01
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Table 2:

Cancer screening practices compared with standardized national survey data

Pap Smear (Females)

Affected (n=157) Unaffected (n=71) BRFSS* (2002)

% (95% CI) % (95% CI) %

Past year 60.3% (50, 70) 64.3% (50, 78) 70.5%

  Past 2 years 13.5% (0, 28) 15.7% (0, 37) 12.6%

  Past 3 years 7.1% (0, 22)) 5.7% (0, 28) 4.3%

  Over 3 years ago 19.1% (5, 33) 14.3% (0, 36) 11.4%

Clinical Breast Exam (Females)

Affected (n=157) Unaffected (n=71) BRFSS* (2002)

% (95% CI) % (95% CI) %

Past year 76.2% (69,84) 69.6% (57, 83) 75.7%

  Past 2 years 11.6% (0, 26) 15.9% (0, 38) 12.9%

  Past 3 years 4.5% (0, 20) 4.3% (0, 27) 4.2%

  Over 3 years ago 7.7% (0, 23) 10.1% (0, 32) 2.8%

Females by age group who ever had a mammogram

 Age (years) Affected (n=157) Unaffected (n=71) BRFSS* (2002)

% (95% CI) % (95% CI) %

  < 40 41.9% (15, 69) 27% (0, 55) 23.4%

  40-49 91.2% (81, 100) 81.3% (60, 100) 83.2%

  ≥ 50 92.4% (86, 98) 88.9% (74, 100) 92.7%

*
Behavioral Risk Factor Surveillance System. 2002 CDC median of 50 states (including Washington, DC).
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Table 3:

Lifestyle risk behaviors of affected and unaffected participants by sex, compared with national survey data

Smoking Prevalence: % (95% Confidence Limits) currently smoking

Males Females Total

Affected (N=319) * 11.1% (6.3, 15.9) 14.6% (9.1, 20.1) 12.9% (9.2, 16.6)

Unaffected (N=110) * 28.2% (14.1, 42.3) 29.6% (19.0, 40.2) 29.1% (20.6, 37.6)

2002 CDC BRFSS median of 50 states (incl. DC): Adults ≥ 18 years old** 25.7% 20.8% 23.2%

Alcohol Consumption : % having >14 drinks/wk (of total study population)

Males Females Total

Affected (N=319) 11.1% (6.2, 15.9) 4.5% (1.3, 7.7) 7.8% (4.9, 10.7)

Unaffected (N=110) 12.8% (2.3, 23.3) 2.8% (0.0, 6.6) 6.4% (1.8, 11.0)

2002 CDC BRFSS median of 50 states (incl. DC): Adults ≥ 18 years old** 8.4% 7.8% 7.8%

Fat Consumption: % on a low-fat diet

Males Females Total

Affected (N=319) 36.4% (29.0, 43.8) 43.3% (35.6, 51.1) 39.8% (34.4, 45.2)

Unaffected(N=110) 23.1% (9.9, 36.3) 35.2% (24.1, 46.3) 30.9% (22.2, 39.5)

USDA CSFII (% with total fat intake ≤30% of calories) *** 29.4% 36.8% 32.9%

Fiber Consumption: % on a high-fiber diet

Males Females Total

Affected (N=319) 43.2% (35.6, 50.8) 43.9% (36.1, 50.8) 43.3% (37.9, 48.7)

Unaffected (N=100) 41.0% (25.6, 56.4) 32.4% (21.5, 43.3) 35.5% (26.6, 44.4)

USDA CSFII (% with adequate fiber intake) ** 61.7% 59.4% 60.6%

*
(p<0.001, affected vs. unaffected)

**
Behavioral Risk Factor Surveillance System

***
USDA CSFII: Continuing survey of food intake by individuals (adults ≥20 years old: 1994-1996). Based on self-assessment of nutrient 

intake[72].
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Table 4.

Risk Behavior Index (RBI) score for affected and unaffected participants by demographics and distress cluster

Characteristic Affected (n=319)
Mean (SD)

Unaffected (n=110)
Mean (SD)

Sex

  Male 1.3 (0.9) 1.8 (1.1)

  Female 1.4 (0.9) 1.6 (.09)

Race

  White 1.3 (0.9)* 1.7 (1.0)

  Nonwhite 1.7 (1.0) 1.8 (0.9)

Education

  ≤ High school 1.5 (0.9) 2.0 (0.8)*

  > High school 1.3 (0.9) 1.6 (1.0)

Age

  < 50 1.6 (0.9)* 1.7 (1.0)

  ≥ 50 1.2 (0.9) 1.5 (0.8)

Distress Cluster

  High 1.5 (0.9)* 1.9 (1.0)

  Low 1.3 (0.9) 1.6 (0.9)

*
p<0.05
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Table 5.

Random regression model predicting the Risk Behavior Index scores

Variable Estimate SE F value P value Higher risk index associated with

Intercept 1.2 <.0001***

Affected status −0.2 0.1 3.32 .0709 • Unaffected

Sex 0.2 0.1 4.17 .0432* • Male

Race 0.2 0.1 2.40 .1238 • Nonwhite

Education 0.2 0.1 4.09 .0451* • Less education(≤HS)

Age 0.3 0.1 10.2 .0017** • Younger age (≤50 years old)

Distress 0.2 0.1 2.38 .1252 • High distress

*
p<0.05

**
p<0.01

***
p<0.001
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