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Absiract

To determine the pathways
hetween reatment intensity
{age at diagnosis, dosage of
chemotherapy [intrathecal
methotrexate; IT-MTX] and
cranial radiation [CRT]) and
various psychosocial cutcomes,
review of medical records and
structured interviews were
carried out in 510 adult
survivors of childhood
leukemia. Structural equation
modeling revealed that higher
treatment intensity during
childbhood (indicated by
treatment with high-dose CRT,
low-dose IT-MTX, and adjusted
by younger age at diagnosis)
predictad more health-
compromising behaviors as
adults through lower
educational achievement.
Additionally, higher childhood
treatment intensity predicted
current negative mood both
directly and via changes in
perceived limitations, The
present study’s findings suggest
that higher tréatment intensity
during childhood may serve as
a risk factor for adult sorvivors
health-compromising behaviors
through neuropsychological
deficits that arise from cancer
treatment.
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CANCER IS THE LEADING cause of death by
discase in children under the age of 15 years. In
the United States, more than 8000 children are
diagnosed with cancer each year { Amencan Can-
cer Society, 1994). Acute lymphoblastic leuke-
mia (ALL) is the most common form of child-
hood cancer, with approximately 2000 new cases
diagnosed each vear, and with an approximate
increase in incidence rate of 1.6 percent per year
(American Cancer Society, 1994; Gumey et al.,
1996). Treaunents for childhood ALL have vastly
improved survival rates in the past few decades.
Under cutrent treatment protocols, nearty 90 per-
cent of children with ALL will show remission,
and more than 67 percent stay in remission for at
least 3 years (Granowetter, 1994; Mational Can-
cer Institute, 1994, With survival rates for chil-
dren with ALL rapidly increasing, attention has
turned recently toward the long-term effects of
childhood cancer and its treatment on adult sur-
vivors. In this report, we focus on the implica-
tions of childhood cancer treatment for subse-
quent adult psychosocial oulcomes such as mood
and health-related behaviors,

Long-term psychosocial
outcomes in childhood cancer
Survivors

& subset of childhood cancer survivors has been
found to experience disturbed mood, behavior
problems, and psychological adjustment diffi-
culties (Chang, MNesbit, Youngren, & Robison,
1987: Koocher & O'Malley, 1981; Mulhern,
Wasserman, Friedman, & Fairclough, 1989, For
reviews, see Dobkin & Momrow, 1985; Kazak,
1994). Survivors of childhood cancer also have
reported greater difficulties in school, greater
likelihood of repeating a grade, and more unem-
ployment and job discrimination (Chang et al,
1987; Friedman & Mulhern, 1991; Gray et al,
1992; Haupt et al., 1994; Koocher & O'Malley,
1981; Fevon, Neubauer, & Green, 1990). How-
ever, a few studies have shown that childhood
cancer survivors are well-adjusted and display
more positive mood compared with a control
group of peers (Gray et al., 1992; Holmes &
Holmes, 19735). The reason for these mixed
findings is unclear; however, it may be that
these psychological difficultics are apparent in
only a portion of adult survivors of childhood
CANCEr.

24

Furpose of the Children’'s Cancer
Group study

The present smudy resulted from a muolti-site
Children's Cancer Group (CCG) survey under-
laken to assess long-term oufcomes among
young adull survivors of childhood leukemia.
The CCG interview aimed to assess, in the
largest sample of leukemia survivors known o
date, a global picture of survivors’ perceptions
of their current functioning in multiple domains,
including psychological adjustment, health sta-
tus, educational achievement, ¢tc. Because the
interview probed a wide range of areas, each
outcome of interest was limited to several fairly
general questions.  Additionally, because the
goal of this interview was to explore sarvivors'
perceptions of their current functioning, objec-
tive testing and clinician ratings of survivors'
well-being were not utilized.

Specific questions addressed in
the present study

The purpose of the present study is to examine
the psychosocial outcomes explored within the
CCG interviews: health-compromising  behav-
iors, educational achievement, perceived limita-
tioms, and current mood state. Previous studies
have examined survivors’ adjustment related to
many of these outcome measures (see above),
but have not to our knowledge examined these
psychosocial outcomes simultanecusly. The
goal of the present study was o develop an
overall model depicting the interrelationships
between childhood cancer treatment variables
and multiple long-term psychosecial outcome
variables, Through structural equation modeling,
we sought o clarify the pathways through which
certain negative psychosocial outcomes could
oceur; that is, which psychosocial outcomes in
leukemia survivors are a direct result of reat-
ment received during childhood, and which arc
mediated by other factors?

Treatment intensity and health-
compromising behaviors

Although somewhat counter-intuitive, evidence
suggests that serious illness experiences may not
necessarily translate into positive changes in
lifestyle behaviors among survivors. Adult sur-
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vivors of childhood cancer have been found 1o
report higher incidences of health-compromising
behaviors, incloding higher rates of alcoholism
compared with the normal population (Lansky,
List, & Ritter-Sterr, 1986), and a lower like-
lihood of quitting smoking compared with sib-
ling comtrols (Hauopt et al., 1992). These findings
parallel research in other areas that found that
acutely ill college studemts were less likely o
wanl information on preventing serious health
problems than healthy college students (Kulik &
Mahler, 1987), that health status and number of
past episodes of illness did not predict health-
protective behaviors among college students
{(Weiss, Larsen, & Baker, 1996), and that acci-
dent victims were no more likely  use seat
belts after their accidents (Roberson, 1975;
Robertson, O Neill, & Wixom, 1972).

These findings are somewhat unusual in that
one might cxpect individuals who had experi-
enced serions illnesses or traumatic events to
feel more vulnerable and thus to engage in fewer
health-compromising  behaviors,. Thus  we
hypothesized that other factors might be
involved which could explain this relationship
between illness and higher rates of health-
compromising  behavior.  Several  possible
mediating factors are discussed below.

Role of mood

Omne possibility is that survivors' mood might
influence the relationship betwesn trestment
factors and health-compromising behaviors,
Survivors report a higher incidence of treated
adult depression compared with the general
population (Lansky et al., 1986). Furthermore,
intensity of treatment received during childhood
has been associated with negative mood. Chil-
dren treated with cranial radiation therapy
(CRT) and chemotherapy may suffer from
depressed mood (Madan-Swain & Brown,
1991). Treatment with CRT and intrathecal
methotrexate (IT-MTX) chemotherapy has been
related to lower scores in happiness, optimism,
and activity compared with adult ALL survivors
who received only IT-MTX (Zevon et al., 1940),
Adult survivers of ALL reporl more negative
mood if they were treated at a young age on
high-dose CRT compared with those treated at a
young age on low-dose CRT or those treated
during adolescence (Zeltzer et al,, submitted).
However, younger age at diagnosis also has

been related to better overall psychological
adjustment and lower depression scores (Fritz,
Williams, & Amylon, 1988; Koocher, O"'Mal-
ley, Gogan, & Foster, 1980, although this was
not replicated in one stdy, perhaps duc to
differences in the measurement of depression
(Teta et al., 1986).

Furthermore, individuals in a depressed or
anzious mood often engage in risk behaviors
such as drinking or drug use, in an attempt 1o
self-medicate  their mood (Quitkin, Rifkin,
Kaplan, & Klein, 1972, Wurmser, 1979). In
addition, feclings of a lack of competence and
meaning in life (often associated with depres-
sion) are related to increased alcohol and drug
use (Harlow & Newcomb, 1990, Newcomb &
Harlow, 1986}, Thus mood state is one potential
mediator, such that individuals who have experi-
enced more intense teatmenl may be more
likely to experience negative moods, which may
predispose them to health-compromising behav-
1o,

Role of education

A second possibility is that socioculmral factors,
particularly educational achievement, might
influence the relatonship between treatment
and health-compromising behaviors. Previous
research has shown that cancer survivors are
more likely to have lower educational achieve-
ment, including repeating prades, compared
with sibling controls and peers (Gray et al,
1992; Hawpt et al, 1994), and that almost 50
percent of survivors reported having a docu-
mented learning disability (Chang et al., 1987),
Furthermore, treatment intensity has been
associated with negative neuropsychological
outcomes (Bleyer et al., 19940; Mulhern, 1994,
for a review, see Madan-Swain & Brown, 1991,
Younger children receiving CRT with or with-
out [T-MTX have been found to have lower IQ
scomes compared with older children and chil-
dren treated without CRT (e.g. Meadows et al.,
1981: Mulhem et al., 1992; Waber et al., 1990).
Children treated with a combination of CRT and
IT-MTX demonstrated lower Q) scores than
those receiving IT-MTX alone (Rowland et al.,
1984). It has been suggested that central nervous
system (CNS) insults from CRT, and possibly
from IT-MTX, may have a greater negative
impact on younger children because they are
undergoing a period of rapid ncural develop-
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ment, and other areas of the brain may not be
ahle to assume the functions of the impaired
areas (Mulhemn, 1994),

Individuals with less education and from a
lower socio-economic  background are  more
likely to engage in health-compromising behav-
iors, such as not obtaining immunizations and
not wtilizing health care services (Kirscht, 1983),
possibly because of being less informed about
the consequences of their health-compromizing
hehaviors. Thus we might expect that survivors
who received more intense freatment will
experience lower educational achievement, and
subsequently engage in more health-comproiis-
g behaviors.

Treatment intensity versus
perceptions of treatment effects

A second question addressed by the modeling
analyses of this paper concerned whether neg-
ative effects of treatment are refated directly w
treatment intensity of W survivors’ perceptions
of treatment impact. Many of the previous
findings discussed above examine the relation-
ship between objective measures of treatment
intensity to outcomes such as mood and educa-
tion. However, survivors' perceptions of them-
sclves may also relate strongly to psychological
adjustment, For example, among children under-
going treatment for cancer (who often expen-
ence hair loss, weight gain, etc.), percephions
about their physical appearance related swrongly
to depression and anxicty (Varni, Kaz, Cole-
grove, & Dolgin, 1995). Thus we included a
factor about perceived limitations e test
whether the relationship between leukemia treal-
ment and psychological outcomes such as mood
was driven by actual intensity of treaiment of
perceptions of treatment impact,

Overall model

The evidence indicating that certain patterns al’
treatment may lead to neuropsychological defi-
cits suggests that there is a common, underlying
treatment intensity factor (reflecting the physical
impact of treatment on the survivor, hased on
dosage of reatment protocols and the age at
which these were received) that influences psy-
chological and behavioral cutcomes. We expec-
ted that survivors with a high-intensity treatment

i

profile (high-dose CRT, low-dose IT-MTX,
vounger age at diagnosis: see p. 28 for an
explanation of this profile) would engage in
higher rates of health-compromising behaviors
and that these effects would in many cases be
mediated by alterations in mood and educational
achievement. Additionally, we hypothesized that
there would he both direct and indirect paths
between treatment intensity and mood.

Method

Farticipants
Eligibility criteria for study entry as a survivor
included: diagnosis of ALL between 1970 and
1986, treatment on a COG protocol before age
20 years, age at least 18 years by 15 October
1990, survival for at least 2 years after diag-
nosis, I remission, and nol receiving  anti-
leukemia meatment at study entry.
Twenty-three of the 33 CCG instilutions
agreed to participate in the study and were able
to obiain Homan Subjects Committee approval,
providing a tol of 731 eligible survivors
enrolled at these institutions. Only 6.3 percent of
this group declined paricipation, while 93
percent could not be taced. 1.3 percent were
deceased, and 1.8 percemt were unable to be
interviewed (9 with Downs syndrome, 2 drug-
dependent, 1 non-English speaking, and 1 brain
damaged), resulting in a total of 593 survivors
who agreed to participate. Eighty-three partici-
panits did not complete all measures included in
this study, and thus were excluded from study
analyses. Excloded participants did not differ
from included participants in any demographic
variables, including gender, race, employment,
education, marital stams, or age ab interview,
Thus the excluded participants did not appear to
represent a biased subset of the total partici-
pants. The number of participants from each site
ranged from 1 o 90, A multivariate analysis of
variance {MAMNOWVA)Y was conducted to exam-
ine differences on the dependent variables by
site, Becanse of the small numbers of partici-
pants af some sites, the three sites that had fewer
than 10 participants were combined for purposes
af analyses. The MANOVA was not significant
{F =13, and none of the umivariare tests for cach
dependent variable was significant (all ps = 109,
indicating that there were no differences by site
for the dependent measures in this study. Further
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details on study participants and non-partici-
pants can be found in Haupt et al. {1994).

Participants ranged in age from 18 to 33 years
old, with a mean age of 23 (80 = 3.21) vears.
Fifiy-one percent were male, and 49 percent
were female. The majority of participants were
White (87.9 percent); 4.4 percent were Hispanic,
3.5 percent were African-American, 1.7 percent
were Asian-American, and (.3 percent were
American-Indian,

Measures

Mood To assess mood in young adulthood, the
Profile of Mood States { POMS; McNair, Lorr, &
Droppleman, 1971}, a 65-item self-report gues-
tionnaire designed to measure six identifiable
moed states (tensionfanxiety, depression, anger,
confusion, vigor, fatigue) was used. This ques-
tionnaire has demonstrated reliability {coeffi-
cient alphas for all subscales 2.90) and validity
(see McNair et al., 1971). Participants were
asked 10 rale the extent to which the adjectives
described the way they had been feeling during
the past week on a scale ranging from 0 {‘not at
all’y 1o 4 (Cextremely”). In the present study, only
the tension/anxiety, depression, and anger sub-
scales were used because they represent the
affective portions of the POMS. Higher scores
indicate greater mood disturbance. Coefficient
alpha for the POMS measure in the present study
was 94 for the total of the three subscales.

Health-compromising  behaviors  Target
arcas for health-compeomising behaviors were
determined based on domains investigated by
previous researchers among injured or chron-
ically ill patients {Mulhern ot al., 1995; Wein-
stein, 1989). Rescarch seeking to identify factors
that predict health behaviors typically includes
both health-compromising (e.g smoking, alco-
hol wse) and  health-protective  (e.g.  safety-
related, exercise) behaviors. We sampled from
both of these domains. Participants were asked
about the amount they had engaged in four types
of risk behaviors: (1) the average number of
cigarettes they smoked in a day during the entire
period in which they smoked: (2) the average
number of drinks they had per week during the
entire period in which they drank: (3) the
average number of times per week they used
marijuani, cocaine, heroin, LSD, amphetamines,

or barbitrates over the past 6 months; and (4)
how often they used seat belts when driving,
assessed on a scale ranging from [ (Calways') 1o
4 ( ‘mever'), Higher scores on this factor indicane
greater engagement in risk behaviors.

Ferceived limitations School and work lim-
itations were assessed with two yes/no gues-
tions. Participants were asked whether cancer
‘has limated your ability e work or do what you
would like 1o do’ and whether cancer “has
interfered with vour schooling', Responses were
scored as ‘no” = | and ‘yes” = 2; thus higher
scores indicate preater limitations.

Educational achievement  Educational
achievement was assessed through three meas-
ures (see Haupt et al.. 1994 for more informa-
tion on the derivation of these vanablesy: (1)
highest educational level attained; (2) average
grade in school (A" = 6, 'F° = 1}): and (3)
whether the participant repeated 2 grade in
school {(‘yes” = 1, ‘'no’ = 2). Higher scores on
this lactor indicate higher educational achieve-
ment.

Medical variables Data regarding medical
variables were oblained from the survivors
clinical records at the CCG Operations Office.
Standard doses of CRT were determined accord-
ing o COG protocols as either 18 or 24 Gy.
However, because some participants (3,7 per-
cent) received doses that deviated from protocol
(dosage of CRT ranged from 2 to 40 Gy), dose
of CRT was created as a continuous variable,
Survivors received IT-MTX in cumulative doses
(determined independent of body weight) which
was rated as a continuous variable (range 2-339
mg, median total dose = 83 mg). Age am
diagnosis also was obtained and coded as a
comtinuous variable. Because dosages for CRT
and IT-MTX according 10 CCG protocoels could
be categorized as none, low (18 Gy, <83 mg), or
high (24 Gy, =83 mg), modeling analvses were
repeated with CRT and IT-MTX as categorical
variables. Results were the same as those pre-
sented below.

Frocedures

Each participant was mailed a consent form
approved by each institution’s Human Subjects
Prowection Committee. When signed consents
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were received at the principal investigator's site,
telephone interviews were amanged with each
participant and were carried out by trained
interviewers. The interview followed a struc-
tured format and included guestions about edu-
cation, marital status, employment  history,
fertility, offspring, health, and health-
compromising behaviors, Al the end of the
interview, the POMS was administered. Only
the data regarding mood, health-compromising
behaviors, current limitations, and education are
considered in this paper.

Analysis

Structural equation modeling was  conducted
using the EQS software (Bentler, 19935). Struc-
tural equation modeling allows for the testing of
the goodness-of-fit of observed data and pre-
dicted models, and reduces the biasing effects of
measurement error in parameters through the
specification of paths among theoretically error-
free latent factors. The latent factors caplure
correlations ameng measured variables. Becanse
the data in this smdy did not meet assumptions
of multivariate normality (normalized Mardia’s
coefficient of kurtosis = 432), the robust max-
imummn likelihood (ML) method was used o
depict more accurately chi-squares and standard
emors. Both the Satorra-Bentler chi-square and
the ML chi-square statistics are presented for
each model. Bentler and Dudgeon (199%6) and
Curran, West, and Finch (1996) provide a
detailed rationale for the use of these siatistics.
Goodness-of-fit of owr proposed model was
measured by the nonrormed fit index (NNFI),
and the robust comparative fit index (CFI).
These indices have a range from 0 to 1, with 1.0
indicating that the model is a perfect description
of the data. We also presented the root mean
square ermor of approximation (RMSEA) to
estimate the fit of the models below, with values
of < 05 indicating ‘close’ fits (Browne &
Cudeck, 1993). Significance of parameter esti-
mates was determined by robust standard errors,
i.e., corrected for nonnormality (Bentler & Dud-
geon, 1996). Measured varigbles are represented
by rectangles, and latent factors by circles,

We formed a treatment intensity latent varia-
ble to indicate the impact of reatment on a
survivor. This factor was formed based on
previous research that showed that younger age
al diagnosis and high dose of CRT places

i

survivors at sk for negative oatcomes (Mul-
hern, 19943, Since the CCG treatment protocols
during the study period typically combined high
doses of CRT with low doses of IT-MTX , it
was expected thar the high intensity group
would be indicated by high-dose CRT but low-
dose IT-MTX, in addition to younger at age of
diagnosis. Ape al diagnosis was included to give
more meaning to the treatment intensity vara-
ble, since previous research has suggested that
high-dose CRT at a younger age places sur-
vivors at greatest risk for negative psychological
outcomes,

Summary of latent faclors and
hypotheses

Our first latent factor was treatment intensity,
indicated by the measured variables CRT, IT-
MTX, and age at diagnosis. The primary psy
chosocial outcome latent factor of interest was
health-compromising  behaviors, indicated by
the measured variables alcohol use, substance
use, cigarctie use, and seat belt use. The poten-
tial psvchosocial mediators tested included:
mood, indicated by the measured wvariables
depression, anxiety, and anger; education, indi-
cated by the measured variables highest educa-
tional level attained, average grade in school,
and repeating any grades in school, and per-
ceived limitations, indicated by the measured
variables work limitations and school limita-
tions.

We hypothesized that higher treatment inten-
sity would lead o lower educational achieve-
ment, and subsequent engagement in more
health-compromising  behaviors.  We  also
hypothesized that higher treatment inlensily
would lead to more negative mood, which
would be associated with more health-com-
promising behaviors, Finally, we hypothesized
both a direct and an indirect (via perceived

limitations)  relationship  between  treatment
intensity and negative mood.

Resulls

Descriptive statistics and factor
analysis

Tabkles 1 and 2 present means, standard devia-
tions, and correlations among the measured
variahles.

An initial confirmatory factor analysis was
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Tabhle §. Descriptive statistics for measured variables

Variable M s

Age at diagnosis (years) 1046 471
Drase of IT-MTX (mg) 9110 74,56
Dxase of CRT (Gy) 1866 Gl

Alcohol use 350 15.02
Na sear bell use 1.5 1.8
Drug use (24 2104
Cigarettes smoked 2.7 6.31
Perceived work hmitations 1.16 a7
Perceived school limitations 1.42 A0
Anger 9.74 RIS
Depression LR 930
Tensionfanxiety 7.21 Ll
Not repeat grade 1.52 A8
Education Jevel 13,70 206
Avcrage grade 4.580 078

N = 510 IT-MTX: irathecal methotrexate. CRT: cranial radiation. Alcohol use: number of drinks per week.
Mo seat belt use has a range of 1 o4 (with 4 indicating no seal belt use). Drug ose: number of times
participant used marijuana, cocaine, heroin, LSD, amphetamines, or barbiterates per week., Amount smoked;
number of cigarettes per day. Perceived work and school Bmitations have a range of 1 to 2 (with 1 indicating
‘no’, and 2 indicating ‘yes'). Depression has a range of 0 to 48; anger has a range of 0 to 44 and tension/
anxiety has a range of —4 to 28, Higher scores on these scales indicate greater anger. depression, or lension,
Crur sibling-control sample from this stedy reported average POMS scores as [ollows: anger M = 800, 8D =
7.0 depression M = 6,57 8D = T.19; lensionfanxicty M = 6.09, S0 = 576, Mot repeat grade has a range
af 1t 2 paath 1 indicating *ves”, and 2 indicating ‘no*). Average grade runges from 1 0F ) w0 6 ("A”)

performed to tesi the adequacy of the factor
structure and the measurement model. Latent
varables were allowed o intercorrelate, withowt
any evaluation of hypothesized cansality among
them, The fit indexes for the initial confirmatory
factor analysis indicated that the model was an
adequate fit [x” (80. N = 5100 = 138.8 (ML y’
= 151), p = .05, NWFI = .93, CFI = 94,
REMSEA < 05, C1 of RMSEA 026~ .05]; addi-
tionally, all measured varigbles loaded sig-
nificantly onto their respective latent constructs,
mdicating that the latent constructs were esti-
mated successfully. Correlations among latent
varighles can be found in Table 3. The goal of
the modeling analyses is 1o create a model that
reproduces the observed correlations i Table 3.

Structural model

In the next model, we replaced the correlations
among latent factors with hypothesized paths,
We tested our hypothesized model that mood
and educational achievement mediate the rela-
tionship between treatment intensity and health-
compromising behaviors. One path proved 1o be

nonsignificant (that from mood to health-com-
promising behaviors) and was deleted: an addi-
ticnal path from education to perceived limita-
fions was suggested by the Lagrange multiplier
test, Goodness of fit statistics for the final model
indicate that the model is a close representation
of the data [x* (84. N = 510) = 1546 (ML ' =
171.9), p < 05, NNFl = 92 CFl = 493,
RMSEA < 05]. The final model is presented in
Figure 1, together with standardized loadings of
measured variables on latent variables. Sig-
nificant paths in the model are  discussed
helow.

Fathways related to mood Moeod did not
mediate the relabonship between  treatment
intensity and subsequent health-compromising
behaviors, as indicated in Figure 1. Although the
direct path from higher childhood treatment
intensity o greater current negative mood was
significant, the path from mood w health-
compromising behaviors was not. It bears noting
that the indirect effect of rearment intensity on
negative mood through perceived limatations
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Table 3. Correlations among latent variables

Variable Fi 2 Fi 4 Fx
F1: Teeatment intensity -

F2: Percedved limitations — .31+ .

F2: Mood BELL 2gE= i

F4: Educational achievement —41#* =12 —A8%* et

F5: Health-compromising hehavior - S8 14 — 4y ey
** o 01

ES

E%
Smoke Crugs Ed
[ |

s
Eil EN Erz
Behavior / f /
—
Angad Cepression Tanion
-43* . o
- - s Negative
! i s,

T oa
*Mu [+ "
= Education
3]
3
prode

12

- 38%

Treatment
intensity

o

-5 -4

Radiation J Chomatharagy |I di:;e:m

|

E3 E2 El

Figure ! Predicting long-term psychological outcomes of mood, perceived limitations, educational
achievement, and health-compromising behaviors from treatment intensity variables. Standardized regression
coefficients are presented. * p < 05,

3
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was significant { p < 03], indicating that higher
treatment intensity was associated with fewer
perceived limitations, which then was associated
with less negative mood.

Fathways related to education Education
proved to be a significant mediator of the
relationship between reatment intensity  and
health-compromising  behaviors, The  indirect
effect of weatment intensity on  health-com-
promising  behaviors via education was  sig-
nificant (p < 03). That is, higher treatment
intensity was directly related to lower educa-
tional achicvement, which then was associated
with more health-compromising  behaviors,
Additionally. educational achievement nega-
tively affected perceived limitations. However,
the indirect effect of treatment inlensity on
perceived limitations via educational achieve-
ment was not significant (p = 05),

Finally, the model revealed a relationship
between educational achievement and negative
mieud that was mediated by perceived limita-
tions { p < 03). Lower educational achievement
was associated with higher perceived cancer-
related limitations, which then was associaled
with more current negative mood.

In sum, educational achievement was the only
significant mediator of the relationship between
treatment antensity  and - health-compromising
hehaviors. Treatment intensity related (o neg-
ative mood both directly and indirectly.’

Discussion

Treatment intensity and health-
compromising behaviors

We explored in this study explanations for why
cancer survivors {who might be expected o
perceive greater valnerability to future health
threats due Lo their previous illness) have been
found to report increased likelihood of engaging
in health-compromising behaviors (Lansky et
al., 198A). Higher intensity treatment in this
study was indicated by high-dose CRT and low-
dose IT-MTX, in addition 10 younger age at
diagnosis." We found that the most plausible
path linking treatment intensity to health-com-
promising  behavior  involved  edocational
achievement. Higher treatment intensity pre-
dicted more health-compromising behaviors by
lowering educational achievement. The finding
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of higher treatment intensity predicting lower
educational achievement is consistent with pre-
vious research demonstrating that survivors rea-
ted with high-dose CRT performed three grades
below their age levels (Peckham, Meadows,
Bartel, & Marrero, 1988), were more likely than
sibling controls to be enrolled in special educa-
tion programs, and less likely to attend college
{Haupt et al.. 1994),

These findings suggest that high-intensity
treatment  regimens  may  place  childhood
cancer survivors at heightened rsk for health-
compromising  behavior by influencing  their
neuropsychological ability and subsequent edu-
cational achievement. Children who receive
high intensity treatment may suffer neuropsy-
chological deficits (Meadows et al., 1981 Mul-
hern, 1994; Waher et al.. 1990) that hinder their
educational achievement amd also result in their
being placed in an environment at school where
certain  health-compromising  behaviors  (e.g.
drug use, smoking) are more sirongly encour-
aged by peers, or where information about the
risks of these behaviors may be less readily
available.

Treatment fnfensity and mood
A second major finding of the study was that
treatment intensity related to negative mood
through two opposite pathways, First, more
intense treatment was related directly to more
negative mood. CRT may dysregulate neuro-
transmitter systems {(c.g. Serolonin, norepine-
phrine) that have been implicated in the onset of
depression (Davison & Neale, 1990). Alterna-
tively, the distress resulling [romm cancer weat-
ment  procedures may  contribute w0 posi-
tranmatic stress disorder (PTSD) in some children.
Studies have demonsirated PTSD symploms in
children with cancer {age 3-6) undergoing bone
marrow transplantation (Suber, NMader, Yasuda,
Pynoos, & Cohen, 1991). Chronic PTSD in
these young children may have gone unrecog-
nized and untreated, resulting in anxiety, depres-
sion, andfor anger that persisted into adulthood,
‘inally, both PTSD and chemotherapy have
been associated with sleep disturbances in chil-
dren (Kaufman, Tamowski, & Olson, 1989;
Susman et al., 1981). Chronie sleep deprivation
then may worsen affective symptoms.

An additional indirect effect was found in the
opposite direction between ireatment intensity
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and mood through perceived limitations. That is,
higher treatment intensity predicted fewer per-
ceived limitations, which then was associated
with less negative mood. This finding demon-
strates that survivors’ perceptions of vulnerabil-
ity are related to negative mood. The relation
between higher treatment intensity and fewer
perceived cancer-related limitations suggests
that survivors” perceptions about treatment are
not the same a5 actual treatment protocol inten-
sily. Some survivors (e.g. those disgnosed duor-
ing adolescence) may have been more aware of
the impact of their cancer experience on their
lives. For example, among adult survivors of
childhood cancer who were mostly teenagers at
the time of diagnosis, 40 percent reported being
teased about their physical appearance or being
treated  as  outcasts  (Wasserman, Thompson,
Wilimas, & Fairclough, 1987), and over half
reported concerns abowt their body (Fritz &
Williams, 1988). These survivors may have
experienced greater dismuption in schoolwork or
have been more sensitive about their physical
appearance: factors that may have increased
their perceptions of cancer-related limitations.
Some survivors may then have generalized theze
perceived limatations to global and stable per-
ceptions of a lack of conirol in life, which can
lead to learned helplessness and depression in
children and adolescents {Kaslow, Tannenbaum,
& Abramson, 1983).

We believe that these opposite findings with
treatment intensity and negative mood are both
equally valid pathways (significant to the same
extent in the model) and can be explained
primarily by the age at which a child was
diagnosed and treated. Children treated at a
younger age may suffer traumatic reactions to
the treatment itself, which could have long-
lasting effects on mood {thus the positive direct
relation between treatment intensity and neg-
ative mood). On the other hand, those treated at
an older age (adolescence) may rely morc
heavily on their peers’ evaluations of them.
Thus adolescents may be more vulnerable o
being teased at school, which might lead them o
perceive themselves as having more limitations,
and subsequently o experience negative mood
(thus the negative relation between treatment
intensity and perceived limitations, and the
positive relation hetween perceived limitations
and negative mood),

Education and mood

Perceived limitations were found o mediate the
relationship between educational achicvement
and negative mood. Lower educational achieve-
ment was associated with greater perception of
cancer-related  limitations, which  then  was
associated with more negative mood. This find-
ing 15 important in that 1 does not support
suggestions by other researchers (Madan-Swain
& Brown, 1991) that depression may be directly
associated with hmitations i cogmitve func-
lioming,.

Limitations of the study

Due to the retrospective, self-report nature of the
study, the direction of some of the proposed
pathways is not entitely clear, For example,
because negative mood and perceived cancer-
related limitations were assessed at the same
time, it is possible that increased negative mood
could lead to increased perceived cancer-related
limitations.” In addition, the fact that the per-
ceived limitations questions included past lim-
itations, whereas the mood gquestions probed
current mood state, suggests at least some
temporal precedence for perceived limitations
over negative mood.

Second, the role of newropsychological defi-
cits remains speculative becanse only survivors’
self-report of educational achicvement was
measured in this stedy. Thas study represents a
first step toward understanding the pathways to
health-compromising  behaviors in - adult sur-
vivors, and future studies that included neuro-
psychological testing would help (o test the
validity of this explanation.

Another limitation of this smdy involved the
broadness of questions in the interview. Because
of the wide range of arcas probed in this survey,
we were unable to obtain detailed information
on any particular area of adjustment. For exam-
ple, the perceived limitations factor could have
been  greatly strengthened throagh  additional
guestions that probed the extent and duration of
these limitations. Fuiure studies could buld on
the present study by incorporating such informa-
tion, as well as utilizing mult-informant mess-
ures.

Summaiy and implications
This large-sample study of young adult sur-
vivors of ALL provides an overall model of the
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interrelationships between childhood treatment
intensity and long-term psychelogical and beha-
viotal outcomes mcluding treatment behaviors
and mood in early adulthood, The results cor-
roborate previous analyses suggesting a positive
relationship between the intensity of childhood
treatment and health-compromising behaviors as
an adult. However, present results differ from
previows research in suggesting that the associa-
tion between these two variables is not direct,
but rather is mediated primarily by lower educa-
tional achievement. Resolts also suggest that
childhood treatment intensity is related 1o neg-
ative mond during adulthood through two oppo-
site pathways: a direct relation between higher
treatment intensity and more negative maood;
anmd an indirect relation between higher ireat-
ment intensity and less negative mood through
lower perceived limitations,

These findings indicate the impoctance of
targeting health-compromising behaviors and
negative mood among survivors of childhood
ALL. The consequences of engaging in
unhealthy habits may be more negative for long-
term survivors compared with the general popu-
lation (Mulhern et al., 19935), and therefore the
need for developing programs to change these
behaviors ameng survivors is imperative. The
results of this modeling analysis indicate that
while survivors who receive more intense ireat-
ment may be more at nsk for negative psychoso-
cial outcomes. it may be only the subset of these
survivors  who experience lower  educanonal
achievemnent who are then ar risk for engaging in
hiealth-compromising behaviors, Thus, survivors
with lower educational achievement may need
o be exposed o additonal information about
the likelihood and severity of potential negative
outcomes of their health-compromising behav-
iors. Surviviors receiving more intense treatment
could be targeted for educational programs that
might not only increase educational achieve-
ment, but also provide an enviromment that
wiruld lower the nisk of these survivors engaging
in health-compromising behaviors.

MNotes

I. Two other imporiant age-related variahles, date of
reatment and age ar interview, wers initially
comstibered for inclusion in our structural model.
However, because they comelate so highly with

M

age al diagnosis (r with due of reptment = —_75;
r owith age at interview = 47), these variables
together with age at diagnosis would have over-
rdden the weight of the other reatment variables
(CRT and IT-MTX) in cur ireatment inlensity
lazent variable, Second, including these other age-
related variables would have diminished the theo-
retical significance of the treatment intensity latent
variable. High treatment risk is typically repre-
sented by young age ot diagnosis and high-dose
CRT; date of treatment and age at interview do not
represent sk factors for long-term paychosocial
outcomes. Because of the high correlation of these
two variables with age al diagnosis, readers inter-
esfed in assessing the relationships between these
vanables and the other outcomes could substitute
either of these variables for age al diagnosis in the
fimal muodel.

. We also tested the final structural model with bath

of the percerved hmitations vanables labeled as
categorical. The combination of goodness-of-fic
mzasures indicated that the moedel remained a
marginally adequate fit [y (84, ¥ = 510} = 6354,
pro= 01, NNFI = .97, CFl = 98, RMSEA = .12].

. We also conducted a multiple group analysis to test

whether path weights were equal for male and
female leukemia survivors, With all paths among
factors wnd from Factors to measured variahles
comstrained to be cqual, the muliiple group model
revesled an adequate [t [x° (184, N = 251, 250 =
04, p o= 05, NNFL = Y1, CFI = 92, RMSEA <
M5]. The Lagrange multiplier test revealed that all
constraints of equality between factors were appro-
priate, but that frecing equality constraints between
certain factor o variable paths (mood o depres-
sion, and [rom health-compromising behaviors o
aleghol, drug, and cigareme wse) would improve
the model At These resulis indicate that the
pathways among the latent variahles do not differ
for male and female cancer survivors,

. Treatment-related vanables in this study reflect the

fact that CCG protocols changed over time; earlier
protocols called for gher doses of CRT, whereas
the protocols dunng the latter vears of the study
called for more ITT-MTX and less CRT. Addition-
ally, the constraims on criteria for siudy entry
(survivors diagnosed between the vears of 1970
amd 1986, and survivors at least 18 years of age by
1990y forced children dipgnosed at less than 6
years of age also to be those diagnosed in earlier
vears of the study perind,

The fit of the model using this proposed reversed
pathway remained shout the same; however, this
final model does not reproduce the observed
coarelations among the latent variables as well.
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Appendix
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Group Operations Center, Arcadia, CA W. Archie Blever, MD CA 13539
Anita Khayat, PhiD
Hardand Sather, PhDd
Mark Krailo, PhD
Tonathan Buckley, MBRS, Fhi}
Daniel Stram. PhD
Richard Sposto, PhD
University of Michigan Medical Center, Ann Arbor, MI Raymomnd Hutchinson, MDD CaA 02971
University of Wisconsin Hospital, Madizon, W1 Panl Gaynon, MD CA 05430
Eainbow Babies & Children's Hospital, Cleveland, OH Susan Shurin, MD CA 2054
Children's Mational Medical Center, Washingion, DO Gregory Reaman, MD CA (3888
Children's Memorial Hospital, Chicago, IL Edward Baum, MD CaA 07431
Columbia Presbytenan College of Physicians & Surgeons, Sergio Fiomelli, MI» CA 03526
Mew York, NY
Vanderhilt University School of Medicine, Nashville, TN John Lukens, MD CA 26270
Doembecher Memorial Hospital for Children, Portland, Lawrence Wolff, MD CA 26044
LA
University of Minnesota Health Sciences Center, William Weods, MD CA 07306
Minnecapolis, MN
Children's Hospital of Philadelphia, Philadelphia, PA Anna Meadows, MD CA 1179
Tames Whitcomb Riley Hospital for Children, Fhilip Breitfeld, MD A 1330
[ndianapalis, TN
University of British Columbia, Vancouver, Canada Christopher Fryer, MD CA 29013
Children’s Hospital Medical Center, Cincinnati, OH Robert Wells, MD CA 26126
Harbor/UCLA & Miller Children's Medical Center, Jerry Finklestein, MD CA 14560
Terrance/Long Beach, CA
Umniversity of Califormia Medical Center (UCLA), Los Stephen Feig, MD CA 27678
Amngeles, CA
University of Towa Hospitals and Clinics, Iowa City, 1A Raymond Tannous, MI» CA 29314
Mayo Clinic and Foundation, Rochesier, MN Gerald Galchnst, MD CA 2B8R2

Tzaak Walton Killann Hospital for Children, Halifax
Cunada

Umiversity of Noath Carolina, Chapel Hill, NC

Umversity of Medicine & Dentistry of New Jersey.
Camden, MJ

New York University Medical Center. New York, NY

Dorethy Barnard, bMD
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