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1. BACKGROUND AND RATIONALE: 

 

Approximately 83% of the children diagnosed with cancer when younger than 15 years 

of age will survive for at least five years.
1
 The majority of this growing population of cancer 

survivors will successfully reach reproductive age; therefore, their pregnancy outcomes are a 

matter of significant concern. Fortunately, the risk of stillbirth, miscarriage and abortion among 

childhood cancer survivors is no greater when compared to their siblings.
2
 However, female 

survivors of childhood cancer are at an increased risk for adverse pregnancy outcomes such as 

preterm birth, low birth weight, small for gestational age (SGA) infants and low rates of live 

birth compared to their siblings.
2-4

  

In the general population, the association between lifestyle factors such as smoking and 

alcohol, body composition, physical activity (PA), and adverse pregnancy outcomes has been 

extensively studied.
5-14_ENREF_5  Smoking and heavy alcohol consumption, both before and 

during pregnancy are strongly associated with increased risk of preterm birth, low birth weight 

and SGA.
5-7,10,11,14

 A higher pre-pregnancy body mass index (BMI) has been associated with 

increased risk of medically necessary preterm delivery, spontaneous abortion, miscarriage and 

stillbirth.
13,15

 A lower pre-pregnancy BMI has been linked with increased risk of spontaneous 

and medically necessary preterm birth as well as with low birth weight infants.
16
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The effect of physical activity (PA) on pregnancy outcomes such as preterm birth, low 

birth weight and SGA varies based on the intensity of PA.
8,9

 A recent European population 

cohort study of 11,759 participants reported that a sedentary lifestyle during pregnancy is 

associated with low birth weight.
17

 Sedentary lifestyle including excessive television viewing has 

also been associated with preterm birth.
18

 Although, a modest to heavy leisure time physical 

activity during pregnancy is reported to be beneficial in reducing the risk of preterm birth,
18-20

 

_ENREF_6excessive physical exertion, particularly late in pregnancy increases the risk of preterm 

birth and low birth weight.
8,9

  

_ENREF_15 Similar to lifestyle factors, psychological stress and depression both before 

and during pregnancy have been associated with preterm birth, low birth weight and SGA in the 

general population.
6,21-27

 Maternal stress and depression are also strongly associated with their 

health related quality of life (HRQOL)
28-30

 which is reported to be associated with preterm birth
31

 

and low birth weight.
32,33

  It has been hypothesized that stress during pregnancy elevates 

corticotrophin releasing hormone (CRH)
34,35

 and C-reactive protein
36

 causing preterm birth. 

Depression during pregnancy reduces natural killer cell activity and elevates pro-inflammatory 

cytokines which have also been hypothesized as reasons for preterm birth.
37

 Pathways 

hypothesized for low birth weight and SGA include higher levels of placental CRH, a stress 

hormone and subsequent reduction in utero-placental blood flow resulting in hypoxemia.
38,39

 

While considering the effect of stress on adverse pregnancy outcomes the timing of stress is also 

important.
40

  Pre-pregnancy stressors have been strongly associated with both preterm births and 

SGA,
25,26_ENREF_25 stress in early pregnancy is believed to initiate CRH gene expression in the 

placenta which may reduce the length of gestation.
41-43

  Stressful stimuli in late pregnancy appear 

to have lesser impact when compared to stress in early pregnancy.
41,44

  

There is a higher prevalence of low BMI, low PA as well as psychological distress and 

psychosocial impairment in female cancer survivors compared to the general population.
45-49

 

Unfortunately, all of these are also potential risk factors for adverse pregnancy outcomes. Female 

survivors of leukemia and brain tumors are at an increased risk for higher body mass index (≥ 30 

kg/m
2
) compared to the general population.

46
 This risk of obesity is even higher if a woman has a 

history of cranial irradiation with doses exceeding 20 Gy.
49

 Moreover, female cancer survivors 

are more likely to lead an inactive lifestyle when compared to their siblings.
45,49

 Cancer survivors 

are less likely to take up smoking
50

 and risky drinking
51

 than similar age and sex members of the 

general population. However, adult female cancer survivors are known to have greater risk for 

psychological distress
47

 and psychosocial impairment
48

 than are siblings or male survivors.  

Compared to the general population, cancer survivors have a higher prevalence of not 

only potentially modifiable lifestyle factors but also adverse pregnancy outcomes. This increased 

risk of adverse pregnancy outcomes has been associated with various cancer treatment exposures 

such as cranial, spinal, uterine and pelvic irradiation as well as use of non-alkylating 

chemotherapeutic agents.
2,52

 However, lifestyle factors and psychological status have not been 

evaluated as potential risk factors for adverse pregnancy outcomes in cancer survivors. These 

factors may explain a portion of the risk for adverse pregnancy outcomes not explained by 
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treatment exposures (Fig 1). Thus, to develop interventions that might reduce the adverse 

outcomes among female cancer survivors it is important to understand the impact of modifiable 

lifestyle factors and psychological status on pregnancy outcomes.  

We propose to study the association between lifestyle factors such as smoking and 

alcohol, body composition, PA, and adverse pregnancy outcomes such as preterm birth, low birth 

weight, SGA, lower rate of live birth, miscarriage, abortion and stillbirth in the Childhood 

Cancer Survivor Study (CCSS) cohort. In the same cohort, we also propose to study the 

association of psychological status and adverse pregnancy outcomes. The previous CCSS reports 

based on questionnaires before 2000 that compared the rate of low birth weight between 

offspring of cancer survivors and their siblings using multivariable regression controlled for 

smoking and alcohol but did not find them significant.
2,4

 _ENREF_19 No analysis has specifically 

examined the association of lifestyle factors, psychological status and adverse pregnancy 

outcomes in the CCSS cohort. Female childhood cancer survivors of reproductive age could 

significantly benefit from knowing if these factors could impact pregnancy outcomes by 

modifying their lifestyle or seeking psychological interventions. 
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Fig 1. Causal diagram illustrating possible pathways between lifestyle factors, psychological     

status and adverse pregnancy outcomes 
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2. AIMS AND HYPOTHESES: 

Primary Aims: 

1. To evaluate the association between lifestyle factors including smoking and alcohol 

consumption during pregnancy and adverse pregnancy outcomes (preterm birth, low birth 

weight, SGA, lower rate of live birth, miscarriage, abortion and stillbirth) among female 

survivors in the CCSS who were pregnant at least once. 

2. To evaluate the association between lifestyle factors including smoking, alcohol 

consumption, body composition and physical activity before pregnancy and adverse 

pregnancy outcomes (preterm birth, low birth weight, SGA, lower rate of live birth, 

miscarriage, abortion and stillbirth) among female survivors in the CCSS who were 

pregnant at least once. 

3. To evaluate the association between psychological distress, depression, anxiety, 

somatization, anxiety about cancer, poor health related quality of life and life satisfaction 

before pregnancy and adverse pregnancy outcomes (preterm birth, low birth weight, 

SGA, lower rate of live birth, miscarriage, abortion and stillbirth) among female 

survivors in the CCSS who were pregnant at least once. 

Hypotheses: 

1. Smoking during pregnancy will be associated with adverse pregnancy outcomes in 

female childhood cancer survivors. The number of pack years of smoking during 

pregnancy will be directly associated with adverse pregnancy outcomes in female 

childhood cancer survivors. 

2. Alcohol consumption during pregnancy will be associated with adverse pregnancy 

outcomes in female childhood cancer survivors. The number of drinks per month during 

pregnancy will be directly associated with adverse pregnancy outcomes in female 

childhood cancer survivors.  

 

3. Smoking before pregnancy will be associated with adverse pregnancy outcomes in 

female childhood cancer survivors. The number of pack years of smoking before 

pregnancy will be directly associated with adverse pregnancy outcomes in female 

childhood cancer survivors. 

4. Risky drinking defined as exceeding the NIAAA guidelines of 3 drinks/day or 7 

drinks/week before pregnancy will be associated with adverse pregnancy outcomes in 

female childhood cancer survivors.   
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5. There will be a “J” shaped association between BMI and adverse pregnancy outcomes in 

female childhood cancer survivors with increased risk associated with both lowest and 

highest BMI.  

6. There will be a “J” shaped association between physical activity and adverse pregnancy 

outcomes in female childhood cancer survivors with increased risk associated with both 

lowest and highest physical activity levels. 

7. Psychological distress, depression, anxiety, somatization, poor health related quality of 

life and poor life satisfaction will be associated with adverse pregnancy outcomes in 

female childhood cancer survivors. 

3. ANALYSIS FRAMEWORK: 

Population: 

We propose to conduct our analysis in two follow up intervals of the Childhood Cancer Survivor 

Study (CCSS) (Fig 2). Female CCSS participants who are alive and completed the 1) Baseline 

and 2000 and/or 2) 2003 and 2007 questionnaires will be included in the analysis. Only those 

who reported being pregnant at least once either between Baseline and 2000 or between 2003 

and 2007 questionnaire will be eligible for this study.  

Female participants who had not reached menarche at Baseline would be excluded from the first 

follow up interval (Baseline to 2000, Fig 2). Participants who were pregnant at the time of 

exposure and outcome measurement (Baseline, 2000, 2003 and 2007 Questionnaire) will be 

excluded from the study. Only female participants who completed the “2000 Pregnancy survey” 

and who reported their smoking and alcohol habits during pregnancy will be used to evaluate 

primary aim no. 1 (Fig 2.). 

      Baseline (1994-96)                       2000                  2003                        2007 

                                       Interval 1                                         Interval 2 

                                        N=1366                                              N=1232 

                  Exposures                    Outcomes          Exposures                Outcomes                                                           

       

            (No SF-36 and     (recall of Exposures      (No Alcohol data)   (No Birth Weight data)                   

Cantril Ladder          Smoking, Alcohol,                                                                                                                                              

Ladder of Life)   drugs, during pregnancy) 

Fig 2. Study population from CCSS cohort proposed to evaluate the association of lifestyle 

factors and psychological distress, depression, anxiety, somatization, and poor health 

related quality of life with adverse pregnancy outcomes. 
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Exposures of Interest (Baseline, Pregnancy Survey FU2000 and FU2003): 

The information on lifestyle factors and the psychological status will be retrieved from; 

a) Physical activity (N9-14 Baseline, D1-7 FU2003) 

b) Body mass index (A10-11 Baseline, 7-8 FU2003) 

c) Smoking (N1-2 Baseline, Pregnancy Survey B2 FU2000, L1-6 FU2003)  

d) Alcohol consumption (N3-8 Baseline, Pregnancy Survey B3 FU2000)  

e) Psychological status 

i. Distress, Depression, Somatization and Anxiety                                                                           

(Brief Symptom Inventory-18 (BSI-18), J16-35, 37 Baseline and G1-18, 20    

FU2003) 

ii. Health Related Quality of Life (HRQOL) 

    (Medical Outcomes Survey Short Form-36 (SF-36), F1-14 FU2003) 

iii. Life satisfaction                                                                                                                                                                                                                            

(Cantril Ladder of Life I1-3 FU2003) 

Categorization of Exposure: 

a) Physical activity:  

i. Binary: (Yes/No)-Centers for Disease Control and Prevention (CDC) guidelines 

for physical activity (30 minutes of moderate intensity physical activity on 5 or 

more days of the week or 20 minutes of vigorous activity 3 or more days a week) 

ii. Ordinal: Tertiles of metabolic equivalent (MET) min/week of physical activity 

b) Body Mass Index:  

i. Ordinal: WHO classification of BMI; < 18.5 kg/m
2
, 18.5 to 24.99 kg/m

2
, 25.0 to 

29.99 kg/m
2
 and ≥ 30 kg/m

2
 

ii. Continuous: In the absence of a non-linear association we will explore BMI as a 

continuous variable (unit: 1 kg/m
2
). 

c) Smoking:  

i. Status: Current, Ever, Never  

ii. Pack Years 

d) Alcohol:  

i. Current Drinker: Yes/No 

ii. Drinking Frequency:  

a. less than monthly, 1-3 x/month, 1-2 x/week, 3-4 x/week, Daily 

b. less than 1 drinks/month, 1-4 drinks/month, 5-10 drinks/month, 11-

30 drinks/month and > 30 drinks/month 

iii. Risky Drinking, NIAAA: Yes/No (More than 3 drinks on any day or 7 drinks/ 

week) 
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iv. Heavy Drinking, 5+/6+: Yes/No 

e) Psychological status: 

i. BSI-18 - T score from ≥ 63 classified as psychological distress: Yes/ No 

ii. BSI-18 - Depression: Yes/No 

iii. BSI-18 - Anxiety: Yes/No 

iv. BSI-18 - Somatization: Yes/No 

v. SF-36 - T score from ≤ 40 classified as poor HRQOL: Yes/No 

vi. Cantril Ladder of Life: Ordinal; cutoff  (>8 found to be most predictive-depends 

on the outcome) 

Outcomes of Interest (FU2000 and FU2007): 

We will use number of pregnancies as our total sample because same women can have multiple 

pregnancies with different outcomes. The adverse pregnancy outcomes (8 & 8a-b FU2000, B8-9, 

C1 & D3 Pregnancy Survey FU2000, Q5 FU2007) 

a) Preterm birth:  Birth before 37 weeks of gestational age. 

b) Low Birth Weight: Infant birth weight less than 2,500 g (up to and including 2,499 g) 

c) Small for Gestational age: Infants with birth weight less than 10
th

 percentile for their 

gestational age. 

d) Live births: Fetus shows any signs of life after delivery 

e) Stillbirths: Fetal demise after 20 weeks of gestation either in the uterus or during labor  

f) Miscarriages: Spontaneous, expulsion of a nonviable embryo or fetus from the uterus 

before the 20
th

 week of gestation. 

g) Abortions: Induced (elective) termination of pregnancy 

Based on the participants responses in both the questionnaires regarding pregnancy outcomes we 

will dichotomize all the outcome variables.  

Covariates:  

 

1. Date of birth (A1 Baseline, FU2003) 

2. Sex (A2 Baseline, FU2003) 

3. Date of questionnaire completion (Baseline, FU2000, FU2003 and FU2007) 

4. Menarche (yes/no E16 Baseline, FU2003 ) 

5. Marital Status (L1-13 Baseline, 2 FU2003) 

6. Pregnancy within interval 1 or interval 2 (8 FU2000, Q1 FU2007 and Overall Pregnancy 

Database created by John A. Whitton at Fred Hutchinson Cancer Research Center) 

7. Currently Pregnant (M4 Baseline, B10 FU2000, N2 FU2003, Q2 FU2007) 

8. Maternal, Obstetric and Neonatal Characteristics (A-D Pregnancy Survey FU2000) 

9. Previous history of adverse pregnancy outcome (M10-11 Baseline, FU2003) 
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10. Cancer diagnosis (eight level diagnosis: Leukemia, Central Nervous System, Hodgkin’s, 

Non-Hodgkin’s lymphoma, Kidney (Wilm’s tumor), Neuroblastoma, Soft tissue sarcoma, 

Bone cancer) 

11. Age at cancer diagnosis (calculated from date of birth and date of diagnosis abstracted 

from medical record) 

12. Age at pregnancy (A1 Pregnancy Survey FU2000, Q3 FU2007) 

13. Race/ethnicity (A4 Baseline, Race 5 code, African-American vs. Non-African American) 

14. Highest level of educational attainment (< high school, high school graduate, college 

graduate – O1-4 Baseline, 1 FU2003 and A3 FU2007) 

15. Employment status (working/caring for home or family, student, unemployed, unable to 

work – O5-11 Baseline, 4-6 FU2003 and A4 FU2007) 

16. Annual household income (<$20000, ≥$20000 – Q8-9 Baseline, S1-3 FU2003 and A6-8 

FU2007) 

17. Insurance (Q1-6 Baseline, 16 FU2000, M1 FU2003, B1 FU2007) 

18. Recreational drugs, marijuana, cocaine during pregnancy (Yes/No – B7 Pregnancy 

Survey FU2000) 

19. Radiation therapy (RT) (site and dosage from MRAF summary and database created by 

Rita Weathers at MD Anderson) 

a. Cranial or spinal radiation therapy 

 No radiation 

 Cranial and spinal 

 Cranial only 

 Spinal only 

 No cranial/spinal radiation therapy 

 Unknown 

b. Ovarian radiation therapy 

 No radiation 

 Ovaries in radiation field 

 Ovaries near radiation field 

 Ovaries shielded 

 No ovarian radiation therapy 

 Ovarian radiation unknown 

                 c. Ovarian/Uterine radiation dosage: ordinal variable 

      d. Total Body Irradiation (Yes/No) 

 

20. Chemotherapy (MRAF summary, yes/no) 

a) Anthracycline agents (yes/no, 1-100 mg/m
2
, 101-400mg/m

2
, >401 mg/m

2
)  

b) Alkylating agents (yes/no, dose score tertile:1-2, 3-4, > 5) 

c) Epipodophyllotoxin (yes/no, 1 - 982 mg/m
2
; 983- 4108mg/m

2
; > 4109 mg/m

2
) 

d) Bleomycin (yes/no, 1-59 mg/m
2
; 60-118 mg/m

2
; > 119 mg/m

2
) 
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21. Surgery (MRAF summary, amputation of lower limb/other surgery/none) 

22. Medication for Hypothyroidism, Diabetes, Epilepsy, Hypertension (yes/no - B8 Baseline 

and Q4-6, C8.5, 8.7, 8.8 FU2003)  

23. Thyroid disease, Diabetes (E1-7 Baseline) 

24. Heart diseases (F4-10 Baseline, 10d-h FU2000) 

25. Epilepsy (J4-5 Baseline, 12g-h FU2000) 

26. Neonatal Death (Q3 FU2007)  
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Statistics: 

Our unit of measurement will be “pregnancies” and not “individual women” because it is 

possible for the same woman to have multiple pregnancies within an interval. The pregnancies 

from two intervals will be combined together to create a single sample for the analysis. 

Univariate analysis: The distribution of demographic, obstetric and medical characteristics of 

the study population in follow-up interval 1 (Baseline to 2000), follow-up interval 2 (2003 to 

2007) and total sample (both intervals combined) will be presented as number and percentage or 

mean and standard deviation (Table 1). 

Univariable and Multivariable analysis: The distribution of smoking and alcohol consumption 

during pregnancy measured in 2000 (Pregnancy Survey FU2000) and lifestyle factors (smoking, 

alcohol, BMI and PA), psychological status measured in 1994-96 (Baseline) and 2003 would be 

compared across the respective adverse pregnancy outcomes (preterm birth, low birth weight, 

SGA, lower rate of live birth, miscarriage, abortion and stillbirth) that occurred between baseline 

to 2000 and 2003 to 2007 (Table 2).  

Statistical analysis will be performed using regression models with logit link and based on a 

generalized estimating equation (GEE)
53-55_ENREF_54 adjustment to handle correlated outcome 

data from women who had >1 pregnancies within an interval. We will model the relationship 

between the eight exposures 1) Smoking (including during pregnancy exposure from Pregnancy 

Survey 2000) 2) Alcohol (including during pregnancy exposure from Pregnancy Survey 2000) 3) 

BMI 4) PA and 5) Stress, 6) HRQOL, 7)  Life satisfaction and 8) Anxiety due to cancer and 

seven outcomes 1) preterm birth, 2) low birth weight, 3) SGA, 4) live birth, 5) miscarriage, 6) 

abortion and 7) stillbirth after controlling for potential confounders and evaluating interaction. 

The results will be presented as odds ratio (OR) and 95% confidence interval (CI) (Table 3). 

Initial models will be univariable assessments of the impact of risk factors on outcomes (Table 2. 

An asterisk (*) will denote that P value from regression models is less than significance level 

(α=0.05)).  Next, we will use a two-step approach to select potential confounders which includes 

first using directed acyclic graphs (DAG)
56

 to select minimally sufficient adjustment set and 

second using the change-in-estimate
57

 strategy because relying solely on data-dependent change 

in effect estimate strategy is deleterious.
58

 A DAG visually represents our assumptions about the 

causal relations between exposure outcome and covariates. Assuming negligible uncontrolled 

confounding, all important covariates will be used for plotting the DAG. After deleting all the 

pathways emanating from the exposure (lifestyle factors and psychological status) the rest of the 

acyclic pathways will be analyzed for unblocked pathways from exposure to outcome (adverse 

pregnancy outcomes). The ‘minimally sufficient adjustment’ set of confounders will be selected 

after excluding colliders
59,60_ENREF_56 and will be included in the model even if does not change 
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the effect estimate by more than 10%. Other covariates will then be added in the model only if 

they change the effect estimate by more than 10%.
57

 

We believe that the association between lifestyle factors, psychological status and adverse 

pregnancy outcomes would be stronger among older, multiparous, African American women, 

those who received pelvic radiation and, some form of chemotherapy. We would therefore 

evaluate interaction by age (≥ 30 vs. <30 years), parity, race, pelvic radiation and chemotherapy 

using a significance level of α=0.15 for interaction terms in the GEE models. 

To evaluate the association between smoking and alcohol consumption during pregnancy and 

adverse pregnancy outcomes (primary aim no.1) we will have to rely on self-reported 

information based on maternal recall (Pregnancy Survey FU2000) which can be subject to recall 

bias.
61

 However, Yawn et al
62

 found that smoking during pregnancy is well reported with an 

accuracy of 99.5% (Kappa= 0.88 agreement with medical records) irrespective of adverse 

outcomes. Information on alcohol consumption during pregnancy on the other hand, has its 

problem with misclassification
63

 and is highly susceptible to underreporting
64

. However, this 

misclassification of alcohol and smoking has minimal influence on the effect estimates in 

retrospective data.
65

 We will conduct a sensitivity analysis concerning the potential effect of 

misclassification of alcohol and smoking in the Pregnancy Survey FU2000 questionnaire. 

Sensitivity analysis for smoking and alcohol will be conducted by method proposed by Fox et 

al
66

 which accounts for both systematic and random error. The ranges of sensitivity and 

specificity of misclassification of smoking and alcohol will be decided based on previous 

literature.
61,65_ENREF_66
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Specific Tables:  

Table 1. Demographic and treatment characteristics of pregnant CCSS participants 

  

Baseline to 2000  

(N=   ), n (%) 

2003 to 2007  

(N=   ), n(%) 

Total 

(N=   ), n(%) 

Women with >1 pregnancies    

Age at start of pregnancy (y)    

<15    

15-20    

21-25    

26-30    

31-35    

>35    

Age at diagnosis (y)    

0-4    

5-9    

10-14    

15-20    

Race/ethnicity    

White, NH    

Black, NH    

Other, NH    

Hispanic/Latino    

Not indicated    

African American    

Yes    

No    

Annual household income (US$)    

<20,000    

≥ 20,000    

Education level    

Did not graduate high school    

Graduated from high school    

Graduated from College    

Not indicated    

Insurance    

Yes    

No     

Current Marital Status    

Married or living as married    
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Single or widowed or divorced    

    

Table 1. Demographic and treatment characteristics of pregnant CCSS participants (cont.) 

 

Baseline to 2000  

(N=   ), n (%) 

2003 to 2007 

 (N=   ), n(%) 

Total 

(N=   ), n(%) 

Employment    

Working/caring for home or family    

Student    

Unemployed/looking for work    

Unable to work    

Not indicated    

Multiple gestations    

Yes    

No    

Previous preterm birth    

Yes    

No    

Parity (≥3, 2, 1)    

Diabetes Mellitus    

Yes    

No    

Hypertension    

Yes    

No    

Thyroid disease    

Yes    

No    

Epilepsy    

Yes    

No    

Recreational drugs, cocaine, marijuana    

Yes    

No    

Cancer diagnosis    

Leukemia    

Central nervous system    

Hodgkin's lymphoma    

Non-Hodgkin's lymphoma    

Kidney (Wilm's tumor)    

Neuroblastoma    

Soft tissue sarcoma    
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Bone cancer    

    

Table 1. Demographic and treatment characteristics of pregnant CCSS participants (cont.) 

 

Baseline to 2000 

 (N=   ), n (%) 

2003 to 2007 

 (N=   ), n(%) 

Total 

(N=   ), n(%) 

Treatment    

Chemotherapy only    

Surgery only    

Radiation therapy only    

Chemotherapy+Surgery    

Chemotherapy+Radiation    

Surgery+Radiation    

Chemotherapy+Surgery+Radiation    

Unknown    

Chemotherapy drug    

Anthracycline    

   Not exposed    

   1-100 mg/m2    

   101-400 mg/m2    

   >401 mg/m2    

Alkylating agent score    

   Not exposed    

   1-2    

   3-4    

   >5    

Epipodophyllotoxin    

   Not exposed    

   1-982 mg/m2    

   983-4108 mg/m2    

   >4109 mg/m2    

Bleomycin dose    

   Not exposed    

   1-59 mg/m2    

   60-118 mg/m2    

   >119 mg/m2    

Cranial or spinal radiation therapy    

No radiation    

Cranial+spinal    

Cranial only    

Spinal only    

No cranial/spinal radiation therapy    
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Unknown    

    

Table 1. Demographic and treatment characteristics of pregnant CCSS participants (cont.) 

 

Baseline to 2000  

(N=   ), n (%) 

2003 to 2007  

(N=   ), n(%) 

Total 

(N=   ), n(%) 

Ovarian radiation therapy    

No radiation    

Ovaries in radiation field    

Ovaries near radiation field    

Ovaries shielded    

No ovarian radiation therapy    

Ovarian radiation unknown    

Ovarian radiation dosage (Gy)    

Total Body Irradiation (Yes/No)    



Lifestyle and Pregnancy Outcomes 

17 
 

 

Table 2. Distribution of lifestyle factors and psychological status measured at baseline, 2000^ and 2003 across  adverse  

               pregnancy outcomes (assessed at 2000 and 2007) of CCSS. (Data will be presented as number (%) & mean ±   

               standard deviation) 

  Preterm birth Low birth wt. SGA Live births Stillbirths Miscarriages Abortions 

 Yes No Yes No Yes No Yes No Yes No Yes No Yes No 

Smoking                      

Status                      

Current                      

Ever                      

Never                      

Not indicated                      

Pack years                             

Smoking assessed in 2000^               

        During Pregnancy               

                Yes               

                No               

        Months of Pregnancy               

                1-3               

                4-6               

                7-9               

        Cigarettes per day               

Alcohol                      

Current drinker                      

Yes                      

No                      

Drinking frequency                      

LT monthly                      

1-3 x/month                      
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1-2 x/week                      

3-4 x/week                      

Daily                      

Risky Drinking$                      

Yes                      

No                      

Heavy drinking                      

 ≥ 5 drinks/week                      

< 5 drinks/week                             

Alcohol assessed in 2000^               

        During Pregnancy               

                 Yes               

                  No               

        Months of Pregnancy               

                1-3               

                4-6               

                7-9               

        Drinks/month               

                <1 drink               

                1-4 drinks               

                5-10 drinks               

                11-30 drinks               

                > 30 drinks               

Physical activity                      

 Meets CDC guidelines                      

Yes                      

No                      

Not indicated                      

 Inactive lifestyle                      
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Yes                      

No                      

Not indicated                      

MET min/week                      

1st tertile                      

2nd tertile                      

3rd tertile                             

Body Mass Index                      

Underweight                      

Normal weight                      

Overweight                      

Obese                             

Psychological status                       

Stress - BSI-18                      

T score                      

≥ 63                      

< 63                      

Depression                      

Abnormal                      

Normal                      

Anxiety                      

Abnormal                      

Normal                      

Somatization                      

Abnormal                      

Normal                      

HRQOL - SF-36                      

Poor (Score ≤ 40)                      

Good                       
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Life Satisfaction - Cantril                      

Ladder of Life               

Abnormal                      

Normal                        

Anxiety about cancer                      

Abnormal                      

Normal                               

^ smoking and alcohol intake during pregnancy were also assessed using a separate self-reported Pregnancy Survey in 2000;                                                 

$ Risky drinking: exceeds the NIAAA guidelines of 3 drinks/day or 7 drinks/week, 

* will denote that P value from regression models is less than significance level (α=0.05) 
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Table 3. Multivariate odds ratios from GEE models for adverse pregnancy outcomes in two follow up intervals
@

 of CCSS   

  Preterm birth Low birth wt. SGA Live births Stillbirths Miscarriages Abortions 

 1 2 1 2 1 2 1 2 1 2 1 2 1 2 

Physical activity                      

 Meets CDC guidelines                      

Yes (ref)                      

No                      

 Inactive lifestyle                      

Yes                      

No  (ref)                      

MET min/week                      

1st tertile  (ref)                      

2nd tertile                      

3rd tertile                             

Body Mass Index                      

Underweight                      

Normal weight  (ref)                      

Overweight                      

Obese                             

Smoking                      

Status                      

Current                      

Ever                      

Never  (ref)                      

Increment of 10 Pack years                             

Alcohol                      

Current drinker               
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Yes               

No (ref)               

Drinking frequency                      

LT monthly  (ref)                      

1-3 x/month                      

1-2 x/week                      

3-4 x/week                      

Daily                      

Risky Drinking$                      

Yes                      

No  (ref)                      

Heavy drinking                      

 ≥ 5 drinks/week                      

< 5 drinks/week  (ref)                             

Psychological status                       

Stress - BSI-18                      

T score                      

≥ 63                      

< 63  (ref)                      

Depression                      

Abnormal                      

Normal  (ref)                      

Anxiety                      

Abnormal                      

Normal  (ref)                      

Somatization                      

Abnormal                      

Normal  (ref)                      

HRQOL - SF-36                      
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Poor (T score 1SD ≤ 40)                      

Good (ref)                      

Life Satisfaction - Cantril                      

Ladder of Life               

Abnormal                      

Normal  (ref)                      

Anxiety about cancer                      

Abnormal                      

Normal  (ref)                             

 @ Follow up interval:1- Baseline to 2000, 2- 2003 to 2007; $Risky drinking: exceeds the NIAAA guidelines of 3 drinks/day or 7  

drinks/week , Data will be presented as Odds Ratio (95% confidence interval) 

 

 

 

 

 

 

 

 

 



Lifestyle and Pregnancy Outcomes 

25 
 

 



Lifestyle and Pregnancy Outcomes 

26 
 

References: 

 

1. Howlader N NA, Krapcho M, Neyman N, Aminou R, Waldron W, Altekruse SF, Kosary 

CL, Ruhl J, Tatalovich Z, Cho H, Mariotto A, Eisner MP, Lewis DR, Chen HS, Feuer EJ, 

Cronin KA, Edwards BK (eds). . SEER cancer statistics review 1975-2008. . 2011; based 

on November 2010 SEER data submission, posted to the SEER web site, 2011. Available 

at: http://www.seer.cancer.gov/csr/1975_2008. Accessed 11/6/2011, 2011. 

2. Green DM, Whitton JA, Stovall M, et al. Pregnancy outcome of female survivors of 

childhood cancer: a report from the Childhood Cancer Survivor Study. American Journal 

of Obstetrics and Gynecology. Oct 2002;187(4):1070-1080. 

3. Green DM, Kawashima T, Stovall M, et al. Fertility of female survivors of childhood 

cancer: a report from the childhood cancer survivor study. J Clin Oncol. Jun 1 

2009;27(16):2677-2685. 

4. Signorello LB, Cohen SS, Bosetti C, et al. Female survivors of childhood cancer: preterm 

birth and low birth weight among their children. Journal of the National Cancer Institute. 

Oct 18 2006;98(20):1453-1461. 

5. Haas JS, Fuentes-Afflick E, Stewart AL, et al. Prepregnancy health status and the risk of 

preterm delivery. Archives of pediatrics & adolescent medicine. Jan 2005;159(1):58-63. 

6. Goldenberg RL, Culhane JF, Iams JD, Romero R. Epidemiology and causes of preterm 

birth. Lancet. Jan 5 2008;371(9606):75-84. 

7. McCowan L, Horgan RP. Risk factors for small for gestational age infants. Best Pract 

Res Clin Obstet Gynaecol. Dec 2009;23(6):779-793. 

8. Bonzini M, Coggon D, Palmer KT. Risk of prematurity, low birthweight and pre-

eclampsia in relation to working hours and physical activities: a systematic review. 

Occupational and environmental medicine. Apr 2007;64(4):228-243. 

9. Schlussel MM, Souza EB, Reichenheim ME, Kac G. Physical activity during pregnancy 

and maternal-child health outcomes: a systematic literature review. Cad Saude Publica. 

2008;24 Suppl 4:s531-544. 

10. Cnattingius S. The epidemiology of smoking during pregnancy: Smoking prevalence, 

maternal characteristics, and pregnancy outcomes. Nicotine & Tobacco Research. April 

1, 2004 2004;6(Suppl 2):S125-S140. 

11. Jaddoe VW, Bakker R, Hofman A, et al. Moderate alcohol consumption during 

pregnancy and the risk of low birth weight and preterm birth. The generation R study. 

Annals of Epidemiology. Oct 2007;17(10):834-840. 

12. Davies GA, Maxwell C, McLeod L, et al. Obesity in pregnancy. J Obstet Gynaecol Can. 

Feb 2010;32(2):165-173. 

13. Davies GA, Maxwell C, McLeod L, et al. SOGC Clinical Practice Guidelines: Obesity in 

pregnancy. No. 239, February 2010. International journal of gynaecology and obstetrics: 

the official organ of the International Federation of Gynaecology and Obstetrics. Aug 

2010;110(2):167-173. 

14. Whitehead N, Lipscomb L. Patterns of Alcohol Use Before and During Pregnancy and 

the Risk of Small-for-Gestational-Age Birth. American Journal of Epidemiology. October 

1, 2003 2003;158(7):654-662. 

15. Torloni MR, Betran AP, Daher S, et al. Maternal BMI and preterm birth: a systematic 

review of the literature with meta-analysis. The journal of maternal-fetal & neonatal 

medicine : the official journal of the European Association of Perinatal Medicine, the 

http://www.seer.cancer.gov/csr/1975_2008


Lifestyle and Pregnancy Outcomes 

27 
 

Federation of Asia and Oceania Perinatal Societies, the International Society of 

Perinatal Obstetricians. Nov 2009;22(11):957-970. 

16. Han Z, Mulla S, Beyene J, Liao G, McDonald SD. Maternal underweight and the risk of 

preterm birth and low birth weight: a systematic review and meta-analyses. International 

Journal of Epidemiology. February 1, 2011 2011;40(1):65-101. 

17. Both MI, Overvest MA, Wildhagen MF, Golding J, Wildschut HI. The association of 

daily physical activity and birth outcome: a population-based cohort study. European 

journal of epidemiology. Jun 2010;25(6):421-429. 

18. Misra DP, Strobino DM, Stashinko EE, Nagey DA, Nanda J. Effects of physical activity 

on preterm birth. American Journal of Epidemiology. Apr 1 1998;147(7):628-635. 

19. Hegaard HK, Hedegaard M, Damm P, Ottesen B, Petersson K, Henriksen TB. Leisure 

time physical activity is associated with a reduced risk of preterm delivery. American 

Journal of Obstetrics and Gynecology. Feb 2008;198(2):180 e181-185. 

20. Berkowitz GS, Kelsey JL, Holford TR, Berkowitz RL. Physical activity and the risk of 

spontaneous preterm delivery. The Journal of Reproductive Medicine. Sep 

1983;28(9):581-588. 

21. Hobel CJ, Goldstein A, Barrett ES. Psychosocial stress and pregnancy outcome. Clinical 

obstetrics and gynecology. Jun 2008;51(2):333-348. 

22. Littleton HL, Bye K, Buck K, Amacker A. Psychosocial stress during pregnancy and 

perinatal outcomes: a meta-analytic review. J Psychosom Obstet Gynaecol. Dec 

2010;31(4):219-228. 

23. Stewart RC. Maternal depression and infant growth: a review of recent evidence. Matern 

Child Nutr. Apr 2007;3(2):94-107. 

24. Rondo PH, Ferreira RF, Nogueira F, Ribeiro MC, Lobert H, Artes R. Maternal 

psychological stress and distress as predictors of low birth weight, prematurity and 

intrauterine growth retardation. Eur J Clin Nutr. Feb 2003;57(2):266-272. 

25. Khashan AS, McNamee R, Abel KM, et al. Rates of preterm birth following antenatal 

maternal exposure to severe life events: a population-based cohort study. Human 

Reproduction. February 1, 2009 2009;24(2):429-437. 

26. Khashan AS, McNamee R, Abel KM, et al. Reduced infant birthweight consequent upon 

maternal exposure to severe life events. Psychosom Med. Jul 2008;70(6):688-694. 

27. Copper RL, Goldenberg RL, Das A, et al. The preterm prediction study: maternal stress is 

associated with spontaneous preterm birth at less than thirty-five weeks' gestation. 

National Institute of Child Health and Human Development Maternal-Fetal Medicine 

Units Network. American Journal of Obstetrics and Gynecology. Nov 1996;175(5):1286-

1292. 

28. Nicholson WK, Setse R, Hill-Briggs F, Cooper LA, Strobino D, Powe NR. Depressive 

symptoms and health-related quality of life in early pregnancy. Obstetrics and 

Gynecology. Apr 2006;107(4):798-806. 

29. Lobel M, DeVincent CJ, Kaminer A, Meyer BA. The impact of prenatal maternal stress 

and optimistic disposition on birth outcomes in medically high-risk women. Health 

Psychol. Nov 2000;19(6):544-553. 

30. Setse R, Grogan R, Pham L, et al. Longitudinal study of depressive symptoms and health-

related quality of life during pregnancy and after delivery: the Health Status in Pregnancy 

(HIP) study. Maternal and child health journal. Sep 2009;13(5):577-587. 



Lifestyle and Pregnancy Outcomes 

28 
 

31. Paarlberg KM, Vingerhoets AJ, Passchier J, Dekker GA, Van Geijn HP. Psychosocial 

factors and pregnancy outcome: a review with emphasis on methodological issues. J 

Psychosom Res. Jul 1995;39(5):563-595. 

32. Da Costa D, Dritsa M, Larouche J, Brender W. Psychosocial predictors of labor/delivery 

complications and infant birth weight: a prospective multivariate study. J Psychosom 

Obstet Gynaecol. Sep 2000;21(3):137-148. 

33. Dejin-Karlsson E, Hanson BS, Ostergren PO, Lindgren A, Sjoberg NO, Marsal K. 

Association of a lack of psychosocial resources and the risk of giving birth to small for 

gestational age infants: a stress hypothesis. BJOG : an international journal of obstetrics 

and gynaecology. Jan 2000;107(1):89-100. 

34. Wadhwa PD, Culhane JF, Rauh V, et al. Stress, infection and preterm birth: a 

biobehavioural perspective. Paediatric and Perinatal Epidemiology. Jul 2001;15 Suppl 

2:17-29. 

35. Lockwood CJ. Stress-associated preterm delivery: the role of corticotropin-releasing 

hormone. American Journal of Obstetrics and Gynecology. Jan 1999;180(1 Pt 3):S264-

266. 

36. Sheldon J, Riches P, Gooding R, Soni N, Hobbs JR. C-reactive protein and its cytokine 

mediators in intensive-care patients. Clinical chemistry. Jan 1993;39(1):147-150. 

37. Gennaro S, Fehder W, Nuamah IF, Campbell DE, Douglas SD. Caregiving to very low 

birthweight infants: a model of stress and immune response. Brain Behav Immun. Sep 

1997;11(3):201-215. 

38. Wadhwa PD, Garite TJ, Porto M, et al. Placental corticotropin-releasing hormone (CRH), 

spontaneous preterm birth, and fetal growth restriction: a prospective investigation. 

American Journal of Obstetrics and Gynecology. Oct 2004;191(4):1063-1069. 

39. Giles WB, McLean M, Davies JJ, Smith R. Abnormal umbilical artery Doppler 

waveforms and cord blood corticotropin-releasing hormone. Obstetrics and Gynecology. 

Jan 1996;87(1):107-111. 

40. Torche F. The effect of maternal stress on birth outcomes: exploiting a natural 

experiment. Demography. Nov 2011;48(4):1473-1491. 

41. Glynn LM, Wadhwa PD, Dunkel-Schetter C, Chicz-Demet A, Sandman CA. When stress 

happens matters: effects of earthquake timing on stress responsivity in pregnancy. 

American Journal of Obstetrics and Gynecology. Mar 2001;184(4):637-642. 

42. Hobel CJ. Stress and Preterm Birth. Clinical obstetrics and gynecology. 2004;47(4):856-

880. 

43. King BR, Smith R, Nicholson RC. The regulation of human corticotrophin-releasing 

hormone gene expression in the placenta. Peptides. Nov 2001;22(11):1941-1947. 

44. Matthews KA, Rodin J. Pregnancy alters blood pressure responses to psychological and 

physical challenge. Psychophysiology. Mar 1992;29(2):232-240. 

45. Florin TA, Fryer GE, Miyoshi T, et al. Physical inactivity in adult survivors of childhood 

acute lymphoblastic leukemia: a report from the childhood cancer survivor study. Cancer 

Epidemiol Biomarkers Prev. Jul 2007;16(7):1356-1363. 

46. Meacham LR, Gurney JG, Mertens AC, et al. Body mass index in long-term adult 

survivors of childhood cancer. Cancer. 2005;103(8):1730-1739. 

47. Zeltzer LK, Recklitis C, Buchbinder D, et al. Psychological status in childhood cancer 

survivors: a report from the Childhood Cancer Survivor Study. J Clin Oncol. May 10 

2009;27(14):2396-2404. 



Lifestyle and Pregnancy Outcomes 

29 
 

48. Lund LW, Schmiegelow K, Rechnitzer C, Johansen C. A systematic review of studies on 

psychosocial late effects of childhood cancer: structures of society and methodological 

pitfalls may challenge the conclusions. Pediatric Blood & Cancer. Apr 2011;56(4):532-

543. 

49. Oeffinger KC, Mertens AC, Sklar CA, et al. Obesity in adult survivors of childhood acute 

lymphoblastic leukemia: a report from the Childhood Cancer Survivor Study. J Clin 

Oncol. Apr 1 2003;21(7):1359-1365. 

50. Emmons K, Li FP, Whitton J, et al. Predictors of smoking initiation and cessation among 

childhood cancer survivors: a report from the childhood cancer survivor study. J Clin 

Oncol. Mar 15 2002;20(6):1608-1616. 

51. Lown EA, Goldsby R, Mertens AC, et al. Alcohol consumption patterns and risk factors 

among childhood cancer survivors compared to siblings and general population peers. 

Addiction. Jul 2008;103(7):1139-1148. 

52. Reulen RC, Zeegers MP, Wallace WH, et al. Pregnancy outcomes among adult survivors 

of childhood cancer in the British Childhood Cancer Survivor Study. Cancer Epidemiol 

Biomarkers Prev. Aug 2009;18(8):2239-2247. 

53. Hanley JA, Negassa A, Edwardes MDd, Forrester JE. Statistical Analysis of Correlated 

Data Using Generalized Estimating Equations: An Orientation. American Journal of 

Epidemiology. February 15, 2003 2003;157(4):364-375. 

54. Zeger S, Heagerty P, Liang Kung-Yee, Diggle P, eds. Analysis of Longitudinal Data 2ed. 

New York: Oxford University Press; 2002. 

55. Sheu C-f. Regression analysis of correlated binary outcomes. Behavior Research 

Methods. 2000;32(2):269-273. 

56. Greenland S. Causal diagrams for epidemiologic research. 1999;10(1):37. 

57. Maldonado G, Greenland S. Simulation Study of Confounder-Selection Strategies. 

American Journal of Epidemiology. December 1, 1993 1993;138(11):923-936. 

58. Hernan MA, Hernandez-Diaz S, Werler MM, Mitchell AA. Causal knowledge as a 

prerequisite for confounding evaluation: an application to birth defects epidemiology. 

American Journal of Epidemiology. Jan 15 2002;155(2):176-184. 

59. Schisterman EF, Cole SR, Platt RW. Overadjustment bias and unnecessary adjustment in 

epidemiologic studies. Epidemiology. Jul 2009;20(4):488-495. 

60. Cole SR, Platt RW, Schisterman EF, et al. Illustrating bias due to conditioning on a 

collider. International Journal of Epidemiology. Apr 2010;39(2):417-420. 

61. Rothman KJ, Greenland, S., Lash, T.L., ed Modern Epidemiology. Third ed: Lippincott 

Williams & Wilkins; 2008. 

62. Yawn BP, Suman VJ, Jacobsen SJ. Maternal recall of distant pregnancy events. Journal 

of clinical epidemiology. May 1998;51(5):399-405. 

63. Klatsky AL. Invited commentary: never, or hardly ever? It could make a difference. 

American Journal of Epidemiology. Oct 15 2008;168(8):872-875; discussion 876-877. 

64. Verkerk PH. The impact of alcohol misclassification on the relationship between alcohol 

and pregnancy outcome. International Journal of Epidemiology. 1992;21 Suppl 1:S33-

37. 

65. Verkerk PH, Buitendijk SE, Verloove-Vanhorick SP. Differential misclassification of 

alcohol and cigarette consumption by pregnancy outcome. International Journal of 

Epidemiology. Dec 1994;23(6):1218-1225. 



Lifestyle and Pregnancy Outcomes 

30 
 

66. Fox MP, Lash TL, Greenland S. A method to automate probabilistic sensitivity analyses 

of misclassified binary variables. International Journal of Epidemiology. Dec 

2005;34(6):1370-1376. 

 

 


