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Abstract
Preventive care guidelines are available for hematopoietic cell transplantation (HCT) survivors.
We assessed adherence to these guidelines and examined factors associated with lower adherence.
A questionnaire was mailed to adult HCT survivors to collect information regarding survivor
health, adherence to recommended guidelines and financial concerns. Multivariable models
identified patient and transplant characteristics associated with lower adherence. Of 3066
survivors more than 2 years after HCT, 1549 (51%) responded. Median age of respondents was
54.5 years, and the median adherence to recommended preventive care based on age and gender-
specific recommendations was 75%. Lower adherence was associated with autologous HCT,
concerns about medical costs, non-white race, male gender, lower physical functioning, no chronic
graft vs. host disease (cGVHD), longer time since HCT, and lack of knowledge about
recommended tests. Although 98% of respondents had medical insurance, 26% endorsed concern
about medical costs and reported efforts to limit medical costs. Concern about medical costs was
associated with female gender, age younger than 65 years, no cGVHD and low physical and
mental functional status. Future efforts to improve adherence should address concern about
medical costs and lack of knowledge as they emerged as major modifiable predictors of lower
adherence to preventive care practices in HCT survivors.

INTRODUCTION
Hematopoietic cell transplantation (HCT) is used to treat many malignant and non-
malignant conditions. Improved supportive care strategies and transplantation techniques
have led to an increasing population of HCT survivors, drawing greater attention to their
unique problems and challenges. Observational studies show that HCT survivors have
higher risks for chronic diseases and secondary cancers than the general population.1–12

One approach to improving the health and health related quality of life (HRQOL) of HCT
survivors is to enhance early detection and management of complications through better
preventive care. Specific recommendations for screening and preventive care practices for
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HCT survivors have been developed based on review of the literature and consensus.13 In
addition, the US Preventive Services Task Force14 recommendations for preventive care for
the general population, are also applicable to HCT survivors.

A few cross-sectional studies have described health behaviors or health care utilization
patterns and adherence to survivorship recommendations in HCT survivors.15–17 The goal
of our cross-sectional study was to assess the adherence rates to recommended preventive
care guidelines and to examine previously unstudied factors that may be associated with
adherence. We hypothesized that adherence would be high in HCT survivors but that certain
potentially modifiable characteristics would predict lower adherence to recommended
screening tests.

PATIENTS AND METHODS
Patients

The research was approved by the Institutional Review Board at the Fred Hutchinson Cancer
Research Center (FHCRC). Survivors from the FHCRC database who met the following
criteria were considered eligible for the study: age over 18 at the time of survey, prior
transplantation at FHCRC, current mailing address available, and survived at least 2 years
after HCT irrespective of current disease status. We could not locate approximately 5% of
survivors who were two or more years after their transplant. Eligible patients were mailed a
self-administered survey that asked about current health status and included specific
questions pertaining to preventive care and financial concerns.

Questionnaire
A 45 item module was developed to collect information regarding adherence to preventive
care guidelines and financial concerns. The survey was designed based on literature review
and piloted on a small group of volunteer patients similar to the target population prior to
distribution. Feedback was collected from the pilot group regarding clarity of the questions
and time taken to complete the module.

Participants reported whether they had preventive health testing such as medical exams
including dental, eye, and gynecologic. Specific exams assessed included blood pressure,
stool occult blood, sigmoidoscopy or colonoscopy, and clinical breast exam, Pap smear and
mammogram (women), and digital rectal exam for prostate cancer screening (men).
Information about blood testing including thyroid function, lipids, and prostate specific
antigen (men) was also collected. For each preventive measure, the time interval since last
testing was collected (less than 1 year ago, 1–2 years ago, 3–4 years ago or more than 5
years ago). Additional questions asked about participants' level of interest in receiving health
maintenance reminders, self-perceived knowledge about recommended testing for transplant
survivors and willingness to participate in a health maintenance study for transplant
survivors. The questionnaire did not ask for information about annual household income,
educational status and type of provider seen.

The financial section asked about availability of medical insurance coverage, worry about
lifetime caps, and bankruptcy due to medical expenses. This section also asked whether
concerns regarding the cost of medical care led to one of five avoidance behaviors (cut back
on prescribed medications, not purchased a prescription medication, avoided making
appointments to see the doctor, not used a medically related service such as physical
therapy, or did not have a medical test performed).

The supplementary module was added to a battery of 236 questions that are mailed to
survivors annually along with general follow-up recommendations. Standard questions
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asked about number of hospitalizations and outpatient visits, presence of chronic GVHD or
other specific complications, and current medications. Physical and mental functioning were
assessed by self-reported performance status and activity level, measured by the Medical
Outcomes Study Short Form 12 (SF12).18 Age, sex, race and ethnicity, and information
about the HCT were available from the clinical research database. The survey was mailed
once to each survivor along with a stamped, self addressed return envelope. No reminders
were sent to non-respondents as is the routine policy followed by the Long Term Follow-up
program's for these questionnaires. Data were collected between July 2008 and July 2009.

Statistical Analysis
Current employment status was categorized hierarchically in the following order since
participants may be engaged in several activities: full time work outside the home, full time
school, part time work outside the home, part time school, work at home, retired, none of
these. Concern about medical costs was considered present if any of the five avoidance
behaviors to limit costs was endorsed. Lack of knowledge about recommended tests was
determined based on the answer to “Do you know what tests are recommended for
transplant survivors?” Groups were compared with Wilcoxon rank sum tests or Chi-Square
tests as appropriate.

Recommended screening tests were determined from the literature based on the current age
and sex of the respondent.13, 14, 19 Though we used the guidelines from 2006 to 2009 as our
source, not many of them are new and should be familiar to the health care providers in the
community. We used the recommendations for adults and not children4 because only 8.7%
of the respondents (n=135) were children at the time of HCT. Respondents were considered
adherent with screening recommendations if they reported having the screening test within
an appropriate time interval plus a 1 year margin. For example, since annual mammograms
are recommended for women over age 40 years13, respondents age 40 or older were
considered compliant with the recommendation if they reported having a mammogram
within the past 2 years.

Multivariable logistic regression models were constructed for binary outcomes of “concerns
about medical costs” and “lack of knowledge about recommended tests for survivors”
considering sex, race, age, graft source (bone marrow vs. blood), conditioning regimen
(myeloablative vs. not myeloablative), type of transplant (autologous vs. allogeneic),
presence of chronic graft-versus-host disease (cGVHD), interval since HCT, and physical
and mental functioning (high vs. low) as candidate covariates. Proportional odds regression
models were constructed for the adherence variable to evaluate associations between the
ordinal variable of >50% compliance and > 75% compliance using the same covariates
listed above as well as “concerns about medical costs” and “lack of knowledge”. One factor,
current age, did not satisfy the proportional odds assumption and for this covariate, the
model was relaxed to allow different odds ratios for each cut-point.20 Factors were included
in final multivariable models if their associated p-value was <0.1 or if their exclusion
markedly changed parameter values for other factors in the model (>10% change). All
reported p-values are two-sided.

RESULTS
Of the 3066 survivors who were sent the questionnaire, 51% responded which is typical for
the annual survey. Table 1 summarizes the demographic and disease related characteristics
of the respondents vs. non respondents. Participants had a median current age of 54.5 years
and median interval time of 11.0 years since HCT. The median time since the most recent
evaluation at the transplant center was 8.0 years. Participants were 51% male and 95%
White. The non-respondents were more likely to be younger, male, Hispanic/Latino, and
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non-White, and to have received bone marrow, myeloablative conditioning and allogeneic
HCT, have lower disease risk, with a longer time interval since HCT as well as since the
most recent evaluation at the transplant center. There were no significant differences in
relapse status and presence of chronic GVHD between the two groups.

Eighty-five percent of respondents perceived their general health as good to excellent. Forty-
four percent worked full time outside the home or went to school full time, and 56% were
able to do their usual activities without any limitation. Seventy-six percent reported seeing
their doctor within the past 3 months (Table 2). Median physical and mental component
score, as derived from SF-12, were 51.0 [Interquartile range (IQR) 38.9–55.8] and 55.9
(IQR 49.9–58.7) respectively.

Adherence to preventive care guidelines
Overall median adherence to recommended preventive care guidelines was 75% after
making appropriate age and gender-specific adjustments. No specific screening tests
accounted for lower adherence rates (data not shown). Adherence to preventive care that
relies on physical exam ranged from 61% for a skin exam to 92% for breast examination.
Laboratory testing ranged from 50% for thyroid function tests to 91% for cholesterol testing.
Specialized testing rates were high, including 82% of colonoscopy or sigmoidoscopy, 84%
for Pap smear and 90% for mammogram. (Table 3)

Patient participation in preventive health care
Most (87%) patients were interested in some form of assistance from the transplant center in
health maintenance, primarily in the form of mailed information. A minority (27%) reported
they felt knowledgeable about recommended tests for transplant survivors, while 46% of
respondents indicated that they “did not know but would like to” and 26% indicated that
they “did not know and relied on the doctor to know”. (Table 4)

Influence of financial factors on health behaviors
Ninety-eight percent of the respondents had medical insurance coverage but 26% reported
attempts to limit medical costs by engaging in one or more potentially deleterious health
behaviors. Twenty-six percent worried that medical expenses would reach their lifetime
limit, 1% reported that they had already reached their limit, and 3% reported filing for
bankruptcy due to medical expenses. (Table 5)

Regression models
An ordinal regression analysis showed that lower adherence rates were associated with
autologous HCT, concerns about medical costs, interval time greater than 15 years since
HCT, non- white race, male gender, lower physical functioning, not having chronic GVHD,
younger current age (<40 years old) and self-reported lack of knowledge about the
recommended tests (Table 6). Association with Hispanic ethnicity could not be tested
because of the small number of Hispanic/Latino respondents (n=35, 2.3%). Multivariable
logistic regression models showed that concerns about medical costs were associated with
lower physical and mental functioning, age less than 65 years and being female and
marginally, not having chronic GVHD. Lack of knowledge about recommended tests for
survivors was more common among males, those who received autologous transplants, those
who did not develop chronic GVHD, non-white subjects, those older than 65 years of age,
and those who were more than 15 years post-HCT (Table 7).
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DISCUSSION
HCT survivors have a higher risk of developing adverse medical conditions and new
malignancies compared to the general population. Our study showed high rates of self-
reported adherence to screening practices among the respondents. These rates are higher
than those reported for the general population in 2008 by the National Center for Health
Statistics. For instance, 90% of females older than 40 years in our study had a mammogram
in the past 2 years as compared to 68% of the general population.21 Likewise, 82% of our
HCT survivors over age 50 reported having had a colonoscopy/sigmoidoscopy compared to
61.8% of the general population.22

In general, the high preventive screening rates reported by our HCT survivors have been
reported in some, but not all studies in cancer survivors. Mayer et al23 reported screening
adherence rates in cancer survivors exceeding American Cancer Society recommendations,
national prevalence data and Healthy people 2010 goals for individual tests. Trask et al24

reported similar findings and also noted variation in adherence rates by the type of screening
test. A study by Earle et al25 reported increased use of preventive services by elderly breast
cancer survivors compared to controls. Within the HCT survivor population, Shankar et al17

reported increased frequency of physical exams and general medical contact compared to
sibling controls. These high screening rates may indicate increased survivor awareness and
attention to preventive care, the so-called “teachable moment” effect,26 where survivors,
having survived one life-threatening disease, are more motivated to try to prevent additional
illness.

In contrast, other studies have shown lower rates of preventive care in cancer survivors than
in the general population. The Childhood Cancer Survivor study showed suboptimal
adherence to recommended guidelines among survivors of childhood cancers.27, 28 In
another study by Earle and Neville,29 colorectal carcinoma survivors had lower rates of
adherence to recommended screening practices than controls. Compared to healthy controls,
the HCT survivor group in Bishop's study had similar rates of breast and colorectal cancer
screening but lower rates of pap smears.15 Prasad et al16 compared non Hispanic and
Hispanic HCT survivors and reported lack of insurance, absence of English proficiency and
lack of concern for future health as factors associated with lower health care utilization in
the Hispanic cohort.

Lower adherence to preventive care recommendations could be explained by problems
related to the patient, physician or health care delivery. For example, patients who have
survived one cancer may avoid cancer screening because of increased anxiety about
discovering a second malignancy. Poor mental and physical functioning due to cancer or
treatment-related complications might decrease the ability to maintain a healthy lifestyle
and/or obtain aggressive preventive care. Prescribing physicians may be more familiar with
USPTF guidelines and less aware of specific screening guidelines for HCT patients. A
pediatric study showed that many pediatric oncologists who care for long term cancer
survivors are not familiar with available guidelines for surveillance of late effects.30 This
could account for younger age being associated with lower adherence as most USPTF
guidelines apply to older people and therefore are most applicable to an the older age group.
A collaborative study by the NCI and the American Cancer Society is comparing the
perceived roles, knowledge, and practices of primary care physicians and oncologists with
regard to follow-up survivorship care with results expected by the end of 2010.

Not having a regular source of health care and access to health insurance has also been cited
as a risk factor for suboptimal utilization of health care services, not only in cancer survivors
but also in the general population.31,32 Although a number of studies have examined the
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clinical consequences of being uninsured,33–36 very few studies have investigated the health
consequences of financial barriers to medical care for the so-called “under insured”
population, especially in the HCT setting. A recent study looking at health care disparities in
cancer survivors reported that the prevalence of forgoing one or more medical service due to
cost was about 17.6% in cancer survivors.37 In the general population, 3–4 % of insured
men and 5–8% of insured women reported not having received needed prescription
medications or medical care due to cost concerns.38 Our study documented a much higher
rate of medical cost concern than the general population as well as cancer survivors, since
26% of patients in our respondent group admitted to potentially risky avoidance behaviors
related to concerns about medical costs, even though nearly all respondents (98%) had
insurance coverage.

In addition to cost concerns, lower adherence was predicted by male gender and non-white
race, factors that have been identified in other studies to be associated with adverse health
behaviors and decreased health utilization.15–17,39 Interestingly, lack of chronic GVHD also
emerged as a predictor for lack of knowledge and thereby lower adherence. This could be
explained by the fact that cGVHD patients would have more frequent follow-up with the
transplant center and reinforcement of knowledge about preventive care recommendations
with each visit. Similarly, the lack of follow-up with the transplant center after an
autologous transplant due to lower need for continued specialized post-transplant therapy
could explain our finding of lower adherence and higher likelihood of lack of knowledge in
autologous transplant survivors. Another contributing factor would be the perception of
treating physicians about the intensity of their prior treatment and susceptibility to
complications as lower than that of allogeneic transplant survivors. This result is in contrast
to the study by Bishop et al15, where autologous HCT survivors were more likely to report
breast or cervical cancer screening, and there was no significant difference among the rates
of all suggested cancer screenings between allogeneic and autologous groups. One possible
explanation for the discrepancy is that compared to our study, Bishop's study included a
higher percentage of patients with autologous transplants for breast cancer, a situation where
breast and cervical cancer screening might be emphasized. Our multivariable analysis also
identified longer time since transplant as a risk factor for lower adherence, similar to that
reported by the Childhood Cancer Survivor study.39 This finding may be due to lack of
understanding of late effects of therapy if patients and physicians believe that the risk
declines with time.

Our study has some limitations. Approximately half of the eligible survivors did not return
the survey. The non-respondents were more likely to have characteristics associated with
lower adherence, suggesting that our results may be an overestimation of the population
adherence rates and therefore represent the `best case scenario'. Despite this, our analyses
are valid for the half of patients who did respond to the survey (n=1549), reflecting a large
number of survivors for whom preventive care adherence is good but could still be improved
hopefully minimizing long term complications. We also acknowledge that this was a single
center study from the USA and results might vary depending on the follow-up practices and
resources to disseminate information about these guidelines at other transplant centers across
the world. In addition, adherence rates were calculated on the basis of self-report and were
not validated by review of patient records from treating physicians. This could lead to
overestimation of adherence rates since self-reported data about health behaviors may be
affected by a social desirability bias.40–42 It also gives rise to the possibility of participant
bias since participants who return health surveys are usually more driven to maintain
optimal health by utilization of health services and adoption of healthy lifestyle behaviors.
Another limitation of our study stems from the possibility of lack of awareness of guidelines
for long term follow-up of HCT survivors among non-transplant physicians. Because we did
not collect information on the type of provider following the patient, we cannot comment on
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whether this factor is associated with lower adherence. Another important limitation of our
study is that we did not ask the survivors questions regarding their lifestyle practices. For
certain cancers that are not amenable to easy screening procedures, it might be more
important to maintain a healthy lifestyle than to adhere to medical testing alone. In the case
of skin cancer, where prevention by avoidance of unprotected UV exposure may be of
comparable benefit to regular skin exams, it would have been interesting to know whether a
low adherence to recommended screening was also associated with non-adherence to
preventive behaviors such as use of sunscreens. Finally, in examining financial concerns, we
did not specifically assess whether the perceived cost burden was due to high out-of-pocket
costs, low lifetime caps or lack of catastrophic provisions.

Our results suggest that future attempts to improve survivors' adherence to preventive
practices would benefit from attention focused on patients' financial concerns and lack of
knowledge, as both are potentially modifiable factors and may have emerged as even
stronger predictors if our non-respondent group was included in the analysis. For example,
better communication with the patient about the reasons for screening recommendations and
frank discussion about the financial implications for the patient along with approaches to
mitigate personal costs may improve adherence. Given the high rate of financial concerns
related to medical care in our population, national policies that ensure the affordability of
health insurance coverage would help alleviate those stresses. The Affordable Care Act is a
step in the right direction since it aims to make wellness and preventive services affordable
and accessible by requiring health plans to cover these services and by eliminating cost-
sharing. Our study also highlights the need for redesigning of health insurance benefits
packages to include incentives for adoption of healthy lifestyle practices. Another important
intervention to improve patient and physician knowledge may be the provision of
comprehensive survivorship care plans43 by the transplant centers, similar to those that have
been developed for breast and colon cancer survivors by ASCO.44 Although there is a
paucity of data regarding the effectiveness of these plans in improving patient knowledge
and adherence to preventive practices, one can assume that providing a diagnostic and
treatment summary along with follow-up recommendations that identify the physician who
will implement them will improve coordination of care.45 A recent study reported that a
survivorship care discussion between patients and physicians may have positive effects on
some aspects of follow-up care.46 Finally, efforts to provide community outreach education
and support programs to exploit the `teachable moment'26 provided by the transplant process
itself may encourage healthy behaviors. These strategies should be tested in future studies to
see if they will result in improved adherence to preventive guidelines, and ultimately lead to
improved HRQOL and decreased morbidity and mortality.
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Table 1

Respondent and Non-Respondent characteristics

Respondents Non-respondents P-value†

Number, % 1549 (51) 1517 (49)

Current age, median years (range) 54.5 (18.2–81.8) 47.4 (18.0–82.3) <0.001

Age at transplant, median years (range) 42.2 (0.9–73.8) 32.6 (1.2–71.2) <0.001

White, n (%) 1379 (95) 1275 (93) 0.01

 Missing or unknown 95 139

Hispanic or Latino, n (%) 35 (2) 87 (6) <0.001

 Missing or unknown 47 54

Male, n (%) 796 (51) 876 (58) <0.001

Transplant type, n (%) 0.001

 Autologous 415 (27) 343 (23)

 Related 748 (48) 837 (55)

 Unrelated 386 (25) 337 (22)

Diagnosis, n (%) <0.001

 Chronic leukemia 429 (28) 422 (28)

 Acute leukemia 352 (23) 453 (30)

 Lymphoma 282 (18) 239 (16)

 Multiple myeloma 121 (8) 66 (4)

 Myelodysplastic syndrome 170 (11) 109 (7)

 Aplastic anemia 92 (6) 118 (8)

 Solid tumor 53 (4) 54 (4)

 Other heme 19 (1) 33 (2)

 Other 14 (1) 8 (1)

 Missing 17 15

Post transplant relapse, n (%) 181 (12) 157 (10) 0.24

Disease risk, n (%) 0.005

 Low 599 (40) 664 (45)

 Intermediate 604 (40) 514 (35)

 High 308 (20) 284 (19)

 Missing 38 55

Graft source, n (%) <0.001

 Peripheral blood 682 (44) 536 (35)

 Bone marrow 866 (56) 975 (64)

 Umbilical cord blood 1 (<1) 6 (<1)
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Respondents Non-respondents P-value†

Myeloablative conditioning, n (%) 1424 (92) 1449 (96) <0.001

 Missing 1 7

Time since transplant, median years (range) 11.0 (2.6–38.0) 13.1 (2.5–36.7) <0.001

Time since last seen at FHCRC, median years (range) 8.0 (0–37.0) 10.4 (0–35.3) <0.001

Chronic GVHD, among allogeneic patients, n (%) 748 (66) 731 (62) 0.064

†
Two-sided p-values from Wilcoxon rank sum tests for continuous variables and from Chi-square tests for categorical variables.
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Table 2

Current health status

Characteristics n (%)

General health

 Excellent 288 (19)

 Very good 547 (36)

 Good 477 (31)

 Fair 188 (12)

 Poor 29 (2)

 Missing 20

Karnofsky performance status(self-reported)

 100% 753 (49)

 90% 436 (28)

 80% 152 (10)

 ≤ 70% 192 (13)

 Missing 16

Work status

 Full time work outside the home 627 (41)

 Full time school 43 (3)

 Part time work outside the home 192 (12)

 Part time school 14 (1)

 Work at home 125 (8)

 Retired 421 (27)

 None of these 117 (8)

 Missing 10

Ability to do usual job, housework or school work

 Yes, doing this without limitation 851 (56)

 Yes, but limited a little 415 (27)

 Yes, but limited a lot 167 (11)

 No, unable to do these things 84 (6)

 Missing 32

Number of physician appointments during the last 3 months

 None 367 (24)

  1 522 (34)

  2 256 (17)

  3 or more 381 (25)

Current chronic GVHD1

 No 815 (72)

 Yes 245 (22)
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Characteristics n (%)

 Don't know 66 (6)

GVHD medications currently taken (allogeneic only)

 None 932 (83)

 At least one of the following: 202 (17)

  Corticosteroids 106 (10)

  Cyclosporine or tacrolimus 84 (7)

  Mycophenolate mofetil 31 (3)

  Sirolimus 24 (2)

1
GVHD = graft-vs.-host disease
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Table 4

Patient participation in preventive health care

Characteristics n (%)

Interest in health maintenance programs

 None 199 (13)

 At least one of the following: 1313 (87)

  Annual one day clinic visit to prevent health problems  364 (24)

  Mailed information annually about recommended tests  965 (64)

  Yearly telephone call to discuss recommended tests  408 (27)

  Mailed reminders when you are due for recommended tests  683 (45)

 Missing 37

Keeps records of medical tests and results 930 (61)

 Missing 30

Knowledge of recommended tests for transplant survivors

 Yes 418 (27)

 No, but would like to know 702 (46)

 No, rely on doctor to know 401(26)

 Missing 28

Willingness to participate in a study to determine the best ways to help survivors maintain their health

 Yes, definitely 652 (43)

 Yes, probably 591 (39)

 No 268 (18)

 Missing 38

Breast self examination – optional for women over 203 (n=805)

 Regularly (once a month) 232 (31)

 Occasionally 360 (49)

 Rarely or never 146 (20)

 Missing 15

Testicular self examination – annually for men3; not recommended by USPSTF2 (n=869)

 Regularly (once a month) 140 (19)

 Occasionally 259 (35)

 Rarely or never 343 (46)

 Missing 54

1
Rizzo JD et al, BBMT 2006; 12: 138–151

2
Agency for Healthcare Research and Quality, US Preventive Services Task Force (USPSTF). http://www.ahrq.gov/clinic/uspstfix.htm

3
Smith RA et al, CA Cancer J Clin. 2008; 58: 161–179
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Table 5

Insurance status and concern about medical costs

Characteristics n (%)

Medical insurance*

 Medical insurance 1153 (74)

 Medicare/Medicaid 457 (30)

 VA 75 (5)

 Other 152 (10)

 None 24 (2)

Denied coverage because of cancer or cancer treatment 154 (11)

 Missing 163

Availability of employee group medical coverage is an important reason why work at current job 471 (37)

 Missing 274

Cost of medical care has caused

No change in use of medical care 1121 (74)

At least one of the following: 392 (26)

 Cut back on the prescribed medications taken  158 (10)

 Not purchased a prescription medication  166 (11)

 Avoided making appointments to see physician  226 (15)

 Not used a medically related service such as physical therapy  193 (13)

 Not had a medical test performed  187 (12)

Missing 37–4

Worried that expenses will reach the limit and the insurance company will stop paying 368 (25)

 Missing 57

Insurance company has already stopped paying because cap exceeded 19 (1)

 Missing 69

Filed bankruptcy because of medical expenses 40 (3)

 Missing 46

*
may have multiple insurance types, sum > 100%
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