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Abstract

Background—Having a brother or sister with childhood cancer may influence health behaviors 

during adulthood. The aim of this study was to compare tobacco use in siblings of survivors with 

peers and to identify factors associated with sibling tobacco use.

Procedures—A retrospective cohort study was conducted using adult siblings (N=1,974) of 5+ 

year cancer survivors in the Childhood Cancer Survivor Study (CCSS) and participants 

(N=24,105, weighted to match CCSS) in the 2007 National Health Interview Survey. Self-reported 

tobacco use, sociodemographic, and cancer-related risk factors were analyzed.
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Results—Siblings were equally likely to have ever smoked compared to their peers, (Odds Ratio 

[OR] 1.02, 95% Confidence Interval [CI] 0.93–1.12). Siblings were less likely to be current 

smokers (OR 0.83, 95% CI 0.73–0.94), but more likely to be former smokers (OR 1.21, 95% CI 

1.08–1.35). Siblings with low education were more likely to ever smoke (OR 1.51, 95% CI 1.15–

2.00) and be current smokers (OR 1.67, 95% CI 1.24–2.26) compared to their peers. Among 

siblings, risk factors for current tobacco use included: low income <$20,000 (OR 1.66, 95% CI 

1.09–2.54), low education (OR 6.68, 95% CI 4.07–10.97), psychological distress (OR 5.36, 95% 

CI 2.21–13.02), and heavy alcohol use (OR 3.68, 95% CI 2.50–5.41).

Conclusions—Siblings of survivors take up smoking at similar rates to their peers, but are more 

likely to quit. Efforts are needed to address disparities by providing greater psychosocial support 

and education for the lowest socio-economic status families facing childhood cancer.
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INTRODUCTION

Having a sibling with childhood cancer may influence psychological and behavioral 

outcomes in adulthood. Estimates suggest that there were over 420,000 survivors of 

childhood cancer in the United States (US) by the end of 2013 [1]. The National Cancer 

Institute, Office of Cancer Survivorship states that “family members, friends, and caregivers 

are part of the survivorship experience” [2]. With the excellent survival rate for childhood 

cancers and the average US family size of two children, [3] there is a large and growing 

population of siblings of childhood cancer survivors who continue to be impacted by the 

cancer experience long-term. Siblings disproportionately report impaired psychosocial 

health including post-traumatic stress reactions, psychological distress, and impairment in 

quality of life [4–7]. Despite the demonstration of sibling psychosocial impairment and the 

acknowledgement of the importance of characterizing the impact of the cancer experience 

on all family members, little is known about these siblings when they reach adulthood. 

Previous literature has reported higher risk for adverse health behaviors including heavy and 

risky alcohol use among siblings [8–9]. It is possible that the long and intensive treatment 

periods, characteristic for most childhood cancers, leave siblings with lower levels of adult 

supervision and support combined with higher levels of distress and family tension [7, 10–

12]. When treatment periods overlap a sibling’s adolescence, typically a period of tobacco 

experimentation [13–15], risk for smoking may increase.

Tobacco use is an adverse health behavior that has been associated with significant 

morbidity and mortality, as well as an increased risk of cancer [16]. Smoking among 

siblings is cause for concern. Siblings of childhood cancer survivors are already at higher 

risk (standardized incidence ratio 1.5) of developing cancer compared to the general 

population [17]. Current smoking appears to be more common in adult siblings (31%) 

compared to adult survivors (19%) [18]. Separate data for same-aged peers from a national 

study show that 25% of youth smoked [19], but direct statistical comparisons have not been 

performed so we cannot definitely say whether siblings are smoking more than their peers. 

In another study of young male siblings, the same patterns emerged where siblings reported 
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a higher prevalence of smoking compared to peers (36% vs. 20%) but again, direct statistical 

comparisons were not performed [20].

Sociodemographic risk factors for tobacco use have been identified in the general population 

[21–23]. Many of these risk factors and also cancer-related factors have been examined 

among cancer survivors as predictors of smoking. However, risk factors for smoking have 

not been examined for siblings of cancer survivors. Sociodemographic factors such as low 

income, low socioeconomic status and cancer-related factors including diagnosis, treatment 

intensity, and the presence of late effects may be associated with ongoing sibling distress 

and smoking [24].

The purpose of this study was to: (1) compare the tobacco use of siblings of childhood 

cancer survivors to that of the general population and, (2) identify demographic, health, and 

cancer-related factors associated with those behaviors. To accomplish this, we used data 

from the CCSS [25–26] along with comparison data from the National Health Interview 

(NHIS) survey [27]. We hypothesized that siblings of childhood cancer survivors would 

report increased tobacco use in comparison with the general population. Furthermore, we 

hypothesized that sibling demographic variables as well as survivor diagnosis, treatment 

intensity, and the presence of survivor late effects would be associated with increased 

tobacco use among siblings.

METHODS

Childhood Cancer Survivor Study

The CCSS is a retrospective cohort study of 5-year survivors of childhood cancer diagnosed 

between January 1, 1970 and December 31, 1986 and aggregated across 26 collaborating 

institutions in the US and Canada. A description of the study design, methods, and sample 

utilized by the CCSS has been published previously [25–26]. Eligibility criteria for the 

CCSS include: (1) a diagnosis of leukemia, central nervous system malignancy, Hodgkin 

lymphoma, non-Hodgkin lymphoma, kidney tumor, neuroblastoma, bone tumor, or soft 

tissue sarcoma prior to 21 years of age; and (2) survival to at least 5 years post-diagnosis. 

Figure 1 provides a flow diagram of sibling participants over three surveys showing an 

overall sibling participation rate of 59%. Data for this study was collected from the fourth 

follow-up survey of the cohort; a 28-page self-report questionnaire. Completed by both 

survivors and their siblings, this follow-up questionnaire captured demographic information 

and information on physical and psychological health as well as health behaviors. Following 

consent, treatment data was obtained from the survivors’ treating institution by trained 

medical record abstractors. The protocols and questionnaires underwent approval by the 

Institutional Review Boards of all collaborating centers and can be viewed at ccss.stjude.org.

National Health Interview Survey

As a comparison group, participants from the NHIS survey [27] were selected. The NHIS is 

an annual survey focused on the assessment of health in the US, which is conducted by the 

National Center for Health Statistics and the Center for Disease Control. The response rate 

was 78.3%. A random sample of households within the United States is interviewed with 
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respect to basic health and demographic characteristics utilizing a questionnaire. For the 

purpose of this study, data from the NHIS survey administered in 2007 was utilized. 

Tobacco use variables are closely comparable between the CCSS follow-up questionnaire 

and the NHIS survey, both administered in 2007 which included questions focusing on 

tobacco use.

Primary Outcome Measures

Tobacco Use Behaviors—Tobacco use behaviors were the primary outcome and 

included being a current smoker, former smoker, ever smoker, or never smoker. Being a 

current smoker was defined as those individuals that endorsed smoking cigarettes now. The 

two questions to assess this set of behaviors were similar between the CCSS and the NHIS 

as were response labels (CCSS: yes, no; NHIS: everyday, some days, not at all). NHIS 

responses were re-coded as a dichotomous outcome variable with current smokers reporting 

use everyday /some days versus non smokers who answered, “not at all”. The CCSS follow-

up questionnaire asked only about smoking in the past 2 years whereas the NHIS asked 

about lifetime smoking. To address the discrepancy in time frame supplemental data were 

used from siblings who participated in two previous CCSS surveys (baseline in 1995 and 

2003) both of which asked about lifetime smoking to allow for the assessment of any 

smoking behavior over a 14 year period. Being a former smoker was defined for those who 

responded that they had smoked 100 cigarettes, but do not smoke currently. Ever smokers 

were defined as those who were current or former smokers. Never smokers were defined as 

those who denied smoking at least 100 cigarettes at the current and in all previous follow-up 

questionnaires (baseline or 2003).

Independent Variables

Sibling Factors—Sociodemographic, health, and cancer-related variables were assessed 

as potential risk factors for tobacco use among siblings. Sociodemographic factors included 

age at completion of the follow-up questionnaire, sex, race/ethnicity, educational attainment, 

and personal income. Sibling health-related factors included self-reported psychological 

health measured using the Brief Symptom Inventory 18 (BSI-18) [28–29] and general health 

using a five-category response scale: poor, fair, good, very good, and excellent. Sibling 

heavy alcohol use was also examined as a health-related risk factor and was defined as 

having 5 or more drinks daily for women and 6 or more drinks daily for men occurring at 

least once a month. Cancer-related factors included sibling age at diagnosis of the survivor’s 

cancer and presence or absence of sibling bereavement (i.e., whether or not the survivor died 

following study entry).

Survivor Factors—Survivor health-related factors included self-reported general and 

psychological health measured as described above for siblings. Survivor tobacco use 

behaviors and heavy alcohol use were also defined as described above for siblings. Late 

adverse outcomes of cancer and its treatment included chronic health conditions, which were 

characterized according to the chronic health severity index derived from the NCI Common 

Terminology Criteria for Adverse Events [30]. Survivor cancer-related factors included 

diagnosis and treatment intensity as conceptualized previously using a yes/no composite 

variable of chemotherapy, surgery, and radiation therapy exposures [31].

Buchbinder et al. Page 4

Pediatr Blood Cancer. Author manuscript; available in PMC 2017 February 01.

A
u
th

o
r M

a
n
u
s
c
rip

t
A

u
th

o
r M

a
n

u
s
c
rip

t
A

u
th

o
r M

a
n

u
s
c
rip

t
A

u
th

o
r M

a
n
u
s
c
rip

t



Statistical Analysis

Data from the 1,974 siblings of the CCSS sample and 24,105 participants from the NHIS 

were analyzed. Descriptive statistics were generated for the sociodemographic, health, and 

cancer-related variables. Since income was missing in a large proportion of participants, we 

created a category of “missing income” in order to include them in our analyses: otherwise 

missing values were rare and participants with any missing value in variables used in an 

analysis were excluded from the analysis. The proportion of CCSS siblings and the 

proportion of NHIS participants reporting the tobacco use variables described above were 

calculated. Compared to the NHIS, CCSS siblings were younger, less racially/ethnically 

diverse, and of higher socioeconomic status (higher personal incomes and greater 

educational attainment). In order to address the sample differences, the NHIS data were 

weighted to reflect the distribution of CCSS siblings by age, race/ethnicity, personal income, 

and education.

Polytomous logistic regression was used to evaluate differences in tobacco use between 

CCSS siblings and NHIS participants across the four outcome categories: (1) never smoker; 

(2) former smoker; (3) current smoker; and (4) ever smoker. Descriptive statistics were used 

to characterize the samples on the examined risk factors for smoking including sex, race/

ethnicity (White, non-White), educational attainment (high school graduate yes, no), 

personal income (>$20,000 / year, <$20,000 / year), and age (18–39, 40+). Then, within the 

CCSS sibling sample, a polytomous logistic regression was used to assess risk factors for 

being current smokers and for being former smokers. The final model included all variables 

whose univariate p-values were less than 0.20. Odds ratios and their 95% confidence 

intervals were estimated. We used SAS version 9.4 (Cary, NC) and R 3.1.1 (Vienna, 

Austria) [R Core Team (2014). R: A language and environment for statistical computing. R 

Foundation for Statistical Computing, Vienna, Austria. URL http://www.R-project.org/] for 

the analyses.

RESULTS

Descriptive characteristics of the sibling CCSS and NHIS samples are provided in Table I. 

The median age at follow-up was 38 years (range 31–44 years). The median age of the 

sibling at the time of cancer diagnosis was 8 years (range 3–14 years). There was a median 

interval of 28 years (range 25–32 years) between the time of the survivor’s cancer diagnosis 

and the sibling’s completion of the follow-up questionnaire. The CCSS siblings were 

younger than the NHIS participants (60% in the 18–39 year age range versus 41%). The 

CCSS sibling sample was composed of a greater proportion of White non-Hispanics (92%) 

than the NHIS sample (70%). Moreover, the CCSS siblings demonstrated greater 

educational attainment compared to NHIS participants, (88% versus 54%, respectively, with 

a high school education or greater).

Tobacco Use: CCSS Siblings and the General Population

Tables II and III provide data comparing tobacco use among the CCSS siblings and the 

NHIS participants. Overall, siblings were equally likely to have ever smoked compared to 

their peers, (OR 1.02, 95% CI 0.93–1.12) but siblings (15.8%) were significantly less likely 
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(OR 0.83, 95% CI 0.73–0.94) to be current smokers compared with NHIS participants 

(19.2%). The opposite finding was observed for former smoking (23.7% of siblings, 19.8% 

of NHIS participants) (OR 1.21, 95% CI 1.08–1.35) demonstrating greater likelihood of 

quitting smoking among siblings compared to their peers. In Table III, controlling for 

demographic differences between samples, siblings were less likely to be current smokers if 

they were young, male, white, having an income >20,000 or greater than a high school 

education. Siblings, compared to NHIS peers with the same characteristics, were more likely 

to be former smokers (ever smokers who quit) if they were young, white, low income or had 

greater than high school education. Finally, low education predicted greater likelihood of 

being an ever smoker with similar (but marginally significant) findings for the lowest 

income groups.

Figure 2 provides odds ratios for tobacco use among siblings compared to the NHIS 

participants, stratified by education, personal income, and age. CCSS siblings, compared to 

NHIS participants, who had not finished high school, were more likely to be current 

smokers compared to NHIS participants, with ORs ranging from 1.49 (95% CI: 1.04–2.14) 

to 3.10 (95% CI: 1.42–6.78) across income and age groups.

Multivariable Analysis for Sibling Tobacco Use

Table IV reports the multivariable analyses among siblings with respect to predictors of 

siblings’ smoking status. Sibling sociodemographic factors associated with increased risk for 

current tobacco use included lower personal income and educational attainment. Siblings 

reporting a personal income of < $20,000 had an increased risk (ORadj 1.66, 95% CI 1.09–

2.54) of being a current smoker when compared to those siblings reporting a personal 

income of > $20,000. Being a high school graduate or less was associated with greater risk 

(ORadj 6.68, 95% CI 4.07–10.97) of current smoking compared to siblings with more 

education. Sibling psychological distress (ORadj 5.36, 95% CI 2.21–13.02) and heavy 

alcohol use (ORadj 3.68, 95% CI 2.50–5.41) were associated with increased risk of current 

smoking.

Former smoking/or quitting once one has initiated smoking, was less likely for non-White 

siblings, (ORadj 0.39, 95% CI 0.19–0.82). Being a former smoker was more likely among 

siblings who reported heavy drinking, (ORadj 1.94, 95% CI 1.41–2.67). Siblings who were 

older at diagnosis (i.e. ≥  20 years of age) were more likely to be former smokers, (ORadj 

5.79, 95% CI 2.69–12.46) compared to unborn siblings at diagnosis. Siblings who were 

adolescents at the time of diagnosis were also more likely to become former smokers 

(OR=3.57, 95% CI 1.84–6.91).

Survivor current (ORadj 3.87, 95% CI 2.34–6.41) and former tobacco use (ORadj 2.10, 95% 

CI 1.33–3.30) were both associated with current tobacco use among siblings. Survivor 

current (ORadj 2.01, 95% CI 1.26–3.18) and former tobacco use (ORadj 1.90, 95% CI 1.34–

2.68) were both associated with former tobacco use among siblings. Other factors including 

survivor diagnosis, treatment intensity, adverse health, psychological distress, and chronic 

health conditions were not associated with current or former smoking among siblings.
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DISCUSSION

This is the first study of tobacco use behaviors among adult siblings of childhood cancer 

survivors to our knowledge. Overall, siblings were equally likely to have ever smoked, were 

less likely to be current smokers, and were more likely to be former smokers compared to 

the general population. In the sibling sample, those with fewer resources (less education, 

low income), more psychological distress, and those engaging in heavy drinking were most 

likely to be current smokers. Non-white siblings were less likely to quit smoking.

Findings from the present study document disparities in smoking patterns. Low education in 

siblings significantly increased the odds for current tobacco use compared to the general 

population. Among the sibling-only group the odds of being a former smoker was 

significantly lower in the non-white race/ethnicity group and current smoking was highest in 

the low income and low education groups. The higher prevalence of smoking and lower 

prevalence of quitters among low socioeconomic status groups is consistent with studies in 

the general population [32–33]. Our results suggest that adequate access to social, economic, 

and community resources for families impacted by childhood cancer may be particularly 

important for families with limited resources [34–35]. Hardships faced by families dealing 

with childhood cancer are enormous, but such hardships are even greater when a family has 

limited resources [36–37]. Greater resources may also be protective for other forms of 

substance use [38–39]. These results underscore the need to conduct regular assessments of 

family needs across the trajectory of cancer care with particular attention to the unique needs 

of siblings in order to limit adverse health behaviors and promote positive adaptation to the 

childhood cancer experience.

Sibling psychological distress was associated with higher risk for current tobacco use, 

consistent with previous research describing sibling psychological distress as a risk factor 

for heavy alcohol consumption among siblings [8–9]. The stress associated with the 

childhood cancer experience is significant [4–7] and such distress may have been associated 

with initiation of smoking, as well as with continued smoking into adulthood for some 

siblings. Sibling distress may be due to a variety of factors such as ongoing worry about the 

survivor, disrupted family roles, greater caregiver responsibilities, or feelings of isolation 

[7]. Siblings may attempt to regulate their mood and associated distress through tobacco use 

[40–41].

Older age of the sibling at the time of diagnosis was associated with being a former smoker. 

When the cancer treatment period overlaps adolescence, the peak period for the initiation of 

smoking [42], there may be increased likelihood that a sibling starts smoking. When 

adolescence coincides with parental preoccupation with the child with cancer and resulting 

decreased parental oversight, this group of siblings could be at higher risk for smoking. 

Early initiation of smoking is associated with difficulty quitting [43] and other long-term 

health and social problems [44].

Heavy alcohol use among siblings was associated with both current and former tobacco use 

among siblings echoing previous general population research [45]. This association may be 

due to genetic predisposition, environmental cues, or other psychosocial factors suggesting 
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the need for smoking cessation programs that take into account previously described risks 

for smoking [46].

Tobacco use among survivors was associated with both current and former tobacco use 

among siblings. Previous research has documented greater tobacco use when role models are 

seen smoking [47]. Behaviors of the important people in the immediate environment of 

siblings whom they may look up to as role models are likely to influence the health 

behaviors of siblings. Survivor smoking may be related to modeling of parental or other 

family member’s smoking, particularly in the face of stress. The characterization of 

responses to stress among family members as they relate to the practice of health risk 

behaviors may also be vital. Future studies must also incorporate parent and family-level 

data focusing on health behaviors of other family members in close proximity to siblings.

The increased risk for smoking among low socioeconomic status siblings and the decreased 

quitting among non-whites suggests a need to address the greater burden of childhood 

cancer in families who are faced with significant financial, educational, psychological, and 

social strains. Smoking cessation interventions should incorporate evidence-based practices 

combined with services to address specific hardships related to the cancer experience to 

promote positive adaptation [48–49]. Future studies should also identify how mental health 

and tobacco use are uniquely connected for siblings and how low socioeconomic status 

contributes to greater initiation of smoking, a trajectory of continued smoking, and reduced 

quitting. This research would provide new information to support the development of 

targeted interventions to limit health risk behaviors among siblings. Currently, the authors 

recommend increased screening, education, and follow-up by health care providers to 

prevent substance use among siblings [50].

When interpreting the results of our study, the following limitations should be considered. 

Differences exist between the CCSS and the NHIS; however, careful consideration was 

given to the accurate classification of the CCSS siblings with respect to smoking status. The 

sociodemographic characteristics of the CCSS cohort differed from the NHIS and sample 

and response rates among siblings were lower than among NHIS. These issues were 

addressed by weighting of the NHIS sample to reflect the sibling sample by age, race, 

personal income, and educational attainment. Next multivariate models controlled for 

factors such as age, sex, educational attainment, and personal income. This study makes 

unique contributions to the field documenting smoking history among the largest sample of 

siblings of long-term survivors of childhood cancer. Differing time frames for “ever” 

smoking between samples may result in conservative conclusions about having initiated 

smoking by siblings of cancer survivors compared to their peers.

In summary, siblings take up smoking at similar rates to the general population, and they 

appear to be more likely to quit smoking, however, subsets with lower socioeconomic status 

have greater risk for current smoking. Given the health consequences of tobacco use in this 

at-risk population, these data suggest a need to further characterize health behaviors 

including tobacco use among siblings of childhood cancer survivors.
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Figure 1. 

Flow diagram of CCSS sibling participants
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Figure 2. 

Sex and race/ethnicity-adjusted current and former smoking odds ratios for CCSS siblings 

compared to their NHIS peers.
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Table I

Characteristics of the CCSS sibling population and the participants from the NHIS

CCSS Siblings
(N=1,974) NHIS (N=24,056)

Frequency Percent Frequency Percent

Age at Interview

     18–39 years 1,175 59.5 9,743 40.5

     ≥ 40 years 799 40.5 14,313 59.5

Sex

     Female 1,065 54.0 13,223 55.0

     Male 909 46.0 10,833 45.0

Race/Ethnicity

     Other 150 7.6 7,148 29.7

     White non-Hispanic 1,824 92.4 16,908 70.3

Personal Income

     0–$19,999 477 24.2 4,412 18.3

     ≥  $20,000 1,438 72.8 8,286 34.5

     Missing 59 3.0 11,358 47.2

Education

     High School Graduate or Less 230 11.7 10,981 45.7

     Greater than High School 1,744 88.3 13,075 54.3

Survivor Diagnosis

     Leukemia 794 33.5

     Central Nervous System 301 12.7

     Hodgkin Disease 336 14.2

     Non-Hodgkin Lymphoma 192 8.1

     Kidney 200 8.4

     Neuroblastoma 148 6.2

     Soft Tissue Sarcoma 221 9.3

     Bone Cancer 178 7.5
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Table II

Tobacco use of the CCSS sibling population and the participants from the NHIS

CCSS Siblings NHIS (unweighted N's, weighted percents)

Current Smoker
N=312

Former Smoker
N=468

Never Smoker
N=1,194

Current Smoker
N=4,618

Former Smoker
N=5,043

Never Smoker
N=14,395

N % N % N % N % N % N %

Age at follow-up

     18–39 years 204 17.4 243 20.7 728 62.0 2,052 21.2 1,064 14.9 6,627 63.9

     ≥  40 years 108 13.5 225 28.2 466 58.3 2,566 16.3 3,979 27.0 7,768 56.7

Sex

     Female 157 14.7 243 22.8 665 62.4 2,188 17.5 2,312 19.2 8,723 63.3

     Male 155 17.1 225 24.8 529 58.2 2,430 21.3 2,731 20.5 5,672 58.2

Race/Ethnicity

     Other 21 14.0 21 14.0 108 72.0 1,263 13.8 1,029 10.2 4,856 75.9

     White non-Hispanic 291 16.0 447 24.5 1,086 59.5 3,355 19.7 4,014 20.6 9,539 59.8

Household Income

     0–$19,999 105 22.0 92 19.3 280 58.7 1,044 21.9 693 14.8 2,675 63.3

     ≥  $20,000 196 13.6 358 24.9 884 61.5 1,648 18.4 1,732 21.3 4,906 60.2

Education

     High School Graduate or Less 102 44.3 43 18.7 85 37.0 2,595 33.7 2,275 19.3 6,111 47.0

     Greater than High School 210 12.0 425 24.4 1,109 63.6 2,023 17.3 2,768 19.9 8,284 62.8
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Table III

Predicting Tobacco use behaviors of the CCSS sibling population vs. NHIS participants*

Current Smoker Former Smoker Ever Smoker

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

Overall 0.83 (0.73–0.94)** 1.21 (1.08–1.35)** 1.02 (0.93–1.12)

Age at follow-up

     18–39 years 0.84 (0.72–0.99)** 1.43 (1.23–1.67)** 1.09 (0.96–1.23)

     ≥  40 years 0.81 (0.65–1.00) 1.01 (0.86 –1.19) 0.94 (0.81–1.08)

Sex

     Female 0.86 (0.72–1.03) 1.21 (1.04–1.40)** 1.04 (0.91–1.18)

     Male 0.80 (0.67–0.97)** 1.21 (1.03–1.42)** 1.00 (0.87–1.15)

Race/Ethnicity

     Other 1.07 (0.66–1.74) 1.44 (0.88–2.35) 1.22 (0.85–1.78)

     White non-Hispanic 0.82 (0.71–0.93)** 1.20 (1.07–1.34)** 1.01 (0.92–1.11)

Personal Income

     0–$19,999 1.08 (0.86–1.37) 1.41 (1.10–1.80)** 1.21 (1.00–1.46)

     ≥  $20,000 0.72 (0.62–0.85)** 1.14 (1.00–1.30) 0.95 (0.85–1.06)

Education

     High School Graduate or Less 1.67 (1.24–2.26)** 1.22 (0.84–1.80) 1.51 (1.15–2.00)**

     Greater than High School 0.69 (0.59–0.80)** 1.21 (1.07–1.36)** 0.97 (0.88–1.07)

*
NHIS data were weighted to reflect the distribution of CCSS siblings by age, race/ethnicity, personal income, and education

**
p<0.05
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Table IV

Multivariable Models For CCSS Sibling Tobacco Use

Current Smoker vs. Never Smoker Former Smoker vs. Never Smoker

Sibling and Survivor Factors OR (95% CI) OR (95% CI)

Age at Interview

     18–39 years 1.07 (0.63–1.83) 0.94 (0.63–1.38)

     ≥  40 years (referent) 1.00 1.00

Sex

     Male 1.03 (0.70–1.50) 1.16 (0.86–1.56)

     Female (referent) 1.00 1.00

Race/Ethnicity

     Other 0.67 (0.31–1.42) 0.39 (0.19–0.82)**

     White non-Hispanic (referent) 1.00 1.00

Household Income

     Missing 2.25 (0.91–5.58) 1.43 (0.65–3.14)

     0–$19,999 1.66 (1.09–2.54)** 1.12 (0.77–1.62)

     ≥  $20,000 1.00 1.00

Education

     High School Graduate or Less 6.68 (4.07–10.97)** 1.63 (0.95–2.79)

     Greater than High School (referent) 1.00 1.00

Sibling Health

     Fair / Poor 1.35 (0.60–2.99) 0.75 (0.35–1.61)

     Excellent / Very Good / Good (referent) 1.00 1.00

Sibling Heavy Alcohol Use

     Yes 3.68 (2.50–5.41)** 1.94 (1.41–2.67)**

     No (referent) 1.00 1.00

Sibling Psychological Distress#

     Yes 5.36 (2.21–13.02)** 1.44 (0.52–3.98)

     No (referent) 1.00 1.00

Sibling Age at Diagnosis

     0–10 years 1.26 (0.77–2.08) 2.28 (1.37–3.80)**

     10–14 years 1.00 (0.51–1.95) 2.93 (1.62–5.30)**

     15–19 years 0.86 (0.38–1.93) 3.57 (1.84–6.91)**

     20+ years 1.32 (0.48–3.61) 5.79 (2.69–12.46)**

     Not born yet (referent) 1.00 1.00

Survivor Heavy Alcohol Use

     Yes 0.91 (0.60–1.37) 0.84 (0.60–1.17)

     No (referent) 1.00 1.00

Survivor Psychological Distress#
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Current Smoker vs. Never Smoker Former Smoker vs. Never Smoker

Sibling and Survivor Factors OR (95% CI) OR (95% CI)

     Yes 0.62 (0.24–1.65) 1.48 (0.77–2.86)

     No (referent) 1.00 1.00

Survivor Tobacco Use

     Current Smoker 3.87 (2.34–6.41)** 2.01 (1.26–3.18)**

     Former Smoker 2.10 (1.33–3.30)** 1.90 (1.34–2.68)**

     Never Smoker (referent) 1.00 1.00

Survivor Chronic Health Conditions

     Yes 1.17 (0.80–1.71) 0.74 (0.55–1.01)

     No (referent) 1.00 1.00

#
Psychological Distress= GSI for the outcome of psychological distress.

**
p<0.05
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