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Abstract

Background—Advances in the management of thalassemia have resulted in increased life
expectancy and new challenges. We conducted the first survey of education and employment
status of people with thalassemia in North America.

Procedures—A total of 633 patients (349 adults and 284 school age children) enrolled in the
Thalassemia Clinical Research Network (TCRN) registry in Canada and the US were included in
the data analysis. Predictors considered for analysis were age, gender, race/ethnicity, site of
treatment (Canada vs. United States), transfusion and chelation status, serum ferritin, and clinical
complications.

Results—Seventy percent of adults were employed of which 67 percent reported working full-
time. Sixty percent had a college degree and 14% had achieved some post college education.
Eighty-two percent of school age children were at expected grade level. In a multivariate analysis
for adults, Whites (OR=2.76, 95% CI: 1.50-5.06) were more likely to be employed compared to
Asians. Higher education in adults was associated with older age (OR=1.67, 95% CI: 1.29-2.15),
female gender (OR=2.08, 95% CI: 1.32-3.23) and absence of lung disease (OR=14.3, 95% ClI:
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2.04-100). Younger children (OR=5.7 for 10 year increments, 95% CI: 2.0 — 16.7) and Canadian
patients (OR=5.6, 95% CI: 1.5-20) were more likely to be at the expected education level. Neither
transfusion nor chelation was associated with lower employment or educational achievement.

Conclusions—Individuals with thalassemia in North America can achieve higher education;
however, full-time employment remains a problem. Transfusion and chelation do not affect
employment or education status of this patient population.
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INTRODUCTION

Thalassemia is a congenital blood disorder requiring chronic blood transfusions and iron
chelation therapy to remove excess iron from the body [1,2]. Advances in the management
of thalassemia have resulted in increased life expectancy for those affected [3]. This has
contributed to the emergence of new clinical complications that include low bone mineral
density, pulmonary hypertension, hypogonadism and cardiac failure [4,5]. However, as
individuals with thalassemia age, they face challenges not experienced by previous
generations of people with thalassemia. These might include poor health-related quality of
life [6], maintaining adequate education and employment, experiencing fulfilling
relationships, and starting a family. Frequent hospital and outpatient visits required for the
management of thalassemia and its complications may create obstacles for maintaining
employment and achieving higher education, as with other chronic illnesses [6-10].
However, there are presently no data available on the prevalence of employment and
education difficulties for people with thalassemia. What factors might contribute to success
or difficulties in these areas have not been studied. Without this information, comprehensive
thalassemia centers are not able to develop effective psychosocial support plans for their
patients.

Achieving higher education and holding a job not only can improve the quality of life of
patients with thalassemia and provide financial stability, but might predict the quality of
medical care received. In the United States, the cost and availability of healthcare is partially
or completely covered by employers; therefore people with thalassemia who are not
employed may not be able to afford healthcare and may not have adequate access to the
resources they need for their care. While Canadians with thalassemia benefit from
governmental insurance plans, federal and local resources are more limited for people in the
United States with chronic conditions, including thalassemia.

Few reports in the literature examine health-related quality of life in thalassemia [6,11,12],
with no data on education and employment status. Therefore the aim of this report is to
investigate the employment and education status of children and adults with thalassemia in
North America and to identify potential factors affecting these.

PARTICIPANTS AND METHODS

Participants

The Thalassemia Clinical Research Network (TCRN) is an NIH/NHLBI-funded clinical
research network composed of 5 core centers in North America, 18 clinical satellites, and a
data-coordinating center (Appendix 1). The TCRN developed a registry to characterize
demographic and clinical features of North American patients with thalassemia, to highlight
areas requiring clinical research, and to identify candidates eligible for clinical research
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protocols. Patients with thalassemia of all ages who were diagnosed with p-thalassemia
(intermedia or major), HbH disease, HbH Constant Spring Disease, Ep-thalassemia, or
homozygous a-thalassemia were eligible for participation. Current and retrospective data for
this report were entered once for each participant during the time period from May 2000
through October 2006.

The protocol was approved by the TCRN Data and Safety Monitoring Board and by the
Institutional Review Boards of all TCRN institutions. All participants provided signed
informed consent. Eight hundred thirty six patients enrolled in the TCRN registry.
Observations from thirty participants with successful stem cell transplant were excluded
from this analysis, as were 161 children under school age, and 12 children with missing
grade level. A total of 633 patients with thalassemia (349 adults and 284 school age
children) were included in this analysis. Of the 349 adults, 327 had complete data on
employment status and 327 on education level; however, these were not always the same
participants with data on both. Information on precise refusal rates for the study and
demographics of patients who refused were not collected. On the average, centers estimate
that the refusal rate was less than ten percent.

Statistical Analysis

Employment in adults only was defined as employed (full-time or part-time). For those who
did not report employment, we use the terms “not employed” and “non-employment” rather
then “unemployment” or “unemployed.” Unemployment has a specific US Census Bureau
definition, of “people who are jobless, looking for jobs, and available for work”
[http://iwww.bls.gov/cps/cps_htgm.htm]. We did not ask participants who did not report
employment if they were looking for a job or were available to work. This precludes any
comparisons to census unemployment data.

Education in adults was categorized as less than high school, high school diploma, college
degree, or post-college education. Education in children was defined as whether or not the
child was at or above expected grade level. Expected grade level was calculated based on
the assumption that a child of age 5 years before September 1 would be expected to enter
kindergarten. As the cut-off date for kindergarten entry varies by region and public/private
schools, this method of calculation was conservative for children with birthdays in the fall.
Additionally, parents responding to the question of their child’s grade level in the summer
may have answered either as to grade completed or grade to be entered, thereby adding to
the conservative nature of the estimation.

Univariate analysis was used to assess the association between education and employment
and a number of social and clinical variables. Social variables included age, gender, race/
ethnicity (White, Asian, other), site of treatment (United States versus Canada). Education
and employment status for the study population was compared with data from the U.S.
Census Bureau. Clinical variables included transfusion and chelation status, most recent
serum ferritin, hemoglobin level (available only in transfused patients), and clinical
complications (heart disease, liver failure or cirrhosis, lung disease, pulmonary
hypertension, arthralgia or arthritis, HIV, hepatitis C, osteoporosis/fracture, hypogonadism,
hypothyroidism, hypoparathyroidism, diabetes, short stature). Secondary analysis used and
expanded geographical location that divided participants in the U.S. into East Coast, West
Coast, and Central states. Sub-analyses were performed in transfused patients to assess
possible differences in this population. Finally, a sub-analysis excluding children younger
than 10 years of age was conducted to assess the significance of complications in children.

Multivariate effects of predictors significant in univariate analysis were modeled using
logistic regression for employment and a proportional odds model for education. In the
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proportional odds model, the assumption of proportional odds was tested. An a-level of 0.05
was used in the determination of statistical significance. All analyses were conducted using
SAS version 9.1.3 (Cary, NC, USA).

Participant demographics are described in Table I. Thirty percent of participants were
Canadian. Among patients from the U.S., 40% were from the West Coast, 53% from the
East Coast, and 7% from central states. Thirty two percent of patients had at least two
complications.

Employment in adults

Forty seven percent of adults were employed full-time, 23% part-time and 30% not
employed (Table I). Of those who were not employed, 53% were male, 42% were Asian,
40% were White, 60% were in the U.S., 67% were on regular blood transfusions and
chelation, and 48% had at least two complications. Of those who were employed (full-time
and part-time), 54% were female, 67% were white, 66% were in the U.S., 72% were on
regular blood transfusion, 77% were on regular chelation therapy, and 52% had at least two
complications. The most common complications in both the employed and not employed
groups were osteoporosis (employed, 49%; not employed, 49.5%), hypogonadism
(employed, 42%; not employed, 34%) and short stature (employed, 34%; not employed,
46%).

We compared the employment rate of our study population with the US population 16 years
and older using U.S. census bureau data (www.census.gov, access date Feb 2, 2009). We
found the employment rate (70%) in this study population to be slightly higher than in the
general U.S. population (66.2% in 2003). However, 76% of the employed U.S. population
work full-time, whereas 67% of employed individuals with thalassemia were employed full-
time. The employment rate in this study population was considerably higher than the
employment rate for people with disabilities in the U.S. (20.2% in October 2008). At this
time there is no data available in the U.S. census on employment for disabled people before
2008.

In univariate analysis, age, gender, nationality, transfusion and chelation status, clinical
complications, and number of complications were not significantly associated with
employment status. Multivariate analysis of factors associated with employment (race, lung
disease, region) is summarized in Table I1. Only race was found to be a significant predictor
of employment. The odds of employment for Whites were 2.8 times that of Asians. This
finding is similar to the general population census where the rate of employment for Whites
is higher than the rate for Asians, (among 20 — 54 year old individuals). Lung disease and
patients’ geographic location were no longer significantly associated with employment after
adjusting for other variables.

The multivariate sub-analysis of transfused adult patients is summarized in Table I1l. Race
continued to be a significant predictor of employment status with Whites more likely to be
employed than Asians (OR=2.7). Regular chelation was strongly associated with
employment in the general study population. Transfused patients who were receiving regular
chelation therapy have 6.7 times higher odds of employment compared to those not
receiving regular chelation. Liver failure (n=5; OR=7.9) and HIV positive status (n=6;
OR=9.5) appeared to have a significant association with non-employment in transfused adult
patients.
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Education in adults

Participants’ educational attainment is described in Table I. Fourteen percent of adults
achieved post college education, 61% had a college degree, 17% had a high school diploma
and 8% had less than a high school education. These rates are significantly higher than the
educational attainment of people 16 years and older in the general U.S. population in
2000-2006 (www.census.gov, access date Feb 2, 2009), where about 8% had post college
education, 25% had associate or bachelor degree and 30% were high school graduates.

Multivariate analysis of factors associated with education in adults (age, female gender,
regular transfusion and chelation, lung disease) has been summarized in Table Il. Age,
gender, regular transfusion, and lung disease remained significant predictors of education
level. Regular chelation was no longer significantly associated with education after adjusting
for other variables. For each extra 10 years of age, participants had 1.67 times higher odds of
having higher education levels. Men were less likely than women to have higher education
level, with females having 2.1 times higher odds. This is consistent with U.S. Census Bureau
data, with more females attaining higher education compared to their male counterparts
since 2002 [13]. Patients who were regularly transfused were more likely to have achieved
higher education level (OR=2.1). Adult patients who had lung disease were less likely to
have achieved higher education (OR= 0.07).

In the multivariate sub-analysis of transfused adult patients, older age and female gender
continued to be significant predictors of higher educational level. Regular chelation also
remained a significant predictor of higher education in transfused adult patients, with regular
chelation associated with a 3.9 times higher odds of higher education level. Patients’
geographic location was not included in the regression model as it was not significant in
univariate analysis.

Education in children

Of the 284 school-age children, 86% were at or above expected grade level. Twelve percent
of children had at least two complications. In multivariate analysis of factors associated with
education in children (younger age, Canadian nationality and not having hypogonadism),
only younger age (OR=5.7 for 10 year increments, 95% CI: 2.0 — 16.7) and Canadian
nationality (OR=5.6, 95% ClI: 1.5 — 20.0) were significantly associated with being at or
above expected educational level. Gender, race, transfusion and chelation status, and clinical
complications were not significantly associated with education level in children.

In the multivariate sub-group analysis with 160 transfused children, younger age (OR=16.1
for 10 year increments, 95% ClI: 3.2-83.3) and Canadian nationality (OR=8.3, CI:1.1-50)
remained significant predictors. Additionally, female gender was significantly associated
with being at or above expected educational level (OR=2.86, ClI:1.07-7.69). Additionally,
children on the East Coast compared to West were found more likely (OR=3.85, 95% CI:
1.27-11.1) to be at or above their expected education level.

DISCUSSION

This report evaluated the employment and education status of individuals with thalassemia.
We found that adults with thalassemia in North America attained higher education compared
to the general U.S. population. Whereas the employment rate for adults with thalassemia
was comparable to the general U.S. population, the full-time employment rate was
somewhat lower. Transfusion and chelation therapy do not appear to be obstacles to the
attainment of higher education or employment, nor to the educational progress of children.
Clinical complications also did not appear to negatively impact education level or
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employment status, with the exception of patients with liver failure and those who were HIV
positive.

The positive relationship between regular chelation and employment rates in transfused
adults may be due to improved health and a reduction in complications compared to patients
who were not chelating regularly. Alternatively, these patients may be more motivated in
general, as evidenced by their ability to adhere to regular chelation therapy. Regardless,
effective chelation requires both discipline and commitment, two qualities for which
employers look. Patients with HIV or liver failure may have been sicker compared with
other patients with thalassemia, resulting in reduced employment.

In contrast to our findings with employment, the educational attainment of study participants
was significantly higher than the educational attainment of people 16 years and older in the
general U.S. population in 2000-2006 (www.census.gov, access date Feb 2, 2009). This
could be explained by the fact that most adult with thalassemia residing in the U.S. and
Canada are foreign born immigrants [13]. According to the U.S. census bureau report in
2003 [14], foreign born populations in the U.S. had a lower proportion of high school
graduates than the native population. However, at the bachelor’s level, foreign born Blacks
and non-Hispanic Whites fared better than their native counterparts. Unfortunately, this
study did not collect information on county of birth.

Adults who were regularly transfused were more likely to have achieved higher education
level. This is difficult to explain as hemoglobin level was not found to be a predictor of
education. Nevertheless, it is encouraging that individuals with thalassemia do not appear to
have difficulty in achieving higher education. Additionally, children with thalassemia are
generally on track with their peers. Regional differences (Canada versus U.S.; East versus
West coast) may reflect general differences in education systems. Alternatively, they may
reflect the limitations inherent with this analysis, as assumptions were made as to what
constituted expected grade level.

A limitation of this study is that it may not be possible to generalize our results from the
study population to all patients with these disorders in North America. It is possible that
patients able and willing to come to the TCRN network sites are better educated than those
who live far from these large urban centers. While the total number of patients with
symptomatic thalassemia syndromes living in North America is not known, the total
population is not likely to be more than a few times the total in the registry. The largest
thalassemia population in Canada is in the Toronto area, and the largest groups in the US are
around the large metropolitan areas where TCRN sites are located.

Further studies are needed to investigate the unemployment rate, barriers to employment,
and motivations for seeking jobs for adults with thalassemia. Future studies are needed to
compare the education and employment status of individuals with thalassemia in North
America with those in other countries.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Table 1
Characteristics of study participants
Adults Children Total
(n=349) (n=284) (n=633)
Age (years) median, (range) 28 (18-75) 11 (5-17) 19 (5-75)
Male/Female (%) 47.3/52.7  46.8/53.2 47.1/52.9
Race (%)
White 57.5 26.9 43.7
Asian 29.6 56.2 415
Other 13.0 17.0 15.0
Nationality (%)
American 66.2 74.7 70.0
Canadian 33.8 25.4 30.0
Employment (Adult only)
(%)
Employed full-time 47.4 - 47.4
Employed part-time 229 - 22.9
Notemployed 29.7 - 29.7
Education (Adult only) (%)
< High school 8.6 - 8.6
High school 16.8 - 16.8
College 60.6 - 60.6
Post college 14.1 - 14.1
Education (Children
only)(%)
Grades 1-3 - 313 313
Grades 4-8 - 419 41.9
Grades 9-12 - 26.4 26.4
GED - 0.4 0.4
2 8 Transfusions per year 69.5 56.3 63.6
(%)
Regular Chelation (%) 723 55.6 64.8
Most recent Serum Ferritin 27.4 9.9 19.7
2 2500 ng/ml (%0)
Hemoglobin > 9 g/dL 84.9 78.7 82.4
(Transfused patients only)
(%)
Number of complications>2 49.0 11.6 32.2

(%)
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Table 2

Multivariate Analysis of factors associated with employment and education in 327 adults with thalassemia

Adjusted OR 95% ClI

Non-employment

Race
Asian vs. White 2.76 [1.50,5.06]
Other vs. White 2.54 [1.20, 5.36]
Lung disease
Yes vs. No 8.03 [0.78,83.1]
Region
West vs. East 1.24 [0.57,2.67]
Mid vs. East 0.70 [0.17,2.95]
Canada vs. East 1.16 [0.64,2.10]
Education
Age 1.67 [1.29,2.15]
(in 10 year increment s)
Gender
Female vs.Male 2.08 [1.32,3.23]

Transfusion Status

> 8/ year vs. <8/ year 2.06 [1.03, 4.10]
Chelation Status

Regular vs. Not 1.14 [0.56, 2.31]
Lung disease

Yes vs. No 0.07 [0.01, 0.49]

Possible predictors were age, gender, race/ethnicity, nationality, transfusion and chelation status, serum ferritin, and clinical complications(heart
disease, liver failure or cirrhosis, lung disease, pulmonary hypertension, arthralgia or arthritis, HIV, osteoporosis/fracture, hypogonadism, thyroid
disease, parathyroid disease, diabetes, Hep C ,stature). Predictors found significant in univariate analyses were entered into multivariate models. A
logistic regression model was used for employment and a proportional odds model for education. OR = odds ratio. CI = confidence interval. The
OR models the odds of non -employment (vs. employment) or higher education (post-college vs. college vs. high school vs. < high school).
Significance at level 0.05 is indicated in bold type.
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Multivariate sub-analysis of factors associated with employment and education in 242 transfused adults with

thalassemia

Adjusted o506 1

Non-employment in Adults
Race

Asian vs. White 2.67 [1.18,6.04]

Other vs. White 1.26 [0.42,3.78]
Chelation Status: DFO or L1

Not Regular vs. Regular 6.67 [1.96, 25.0]
Liver Failure

Yes vs. No 7.86 [2.14,28.8]
HIV

Positive vs. Negative 9.45 [1.61, 55.5]
Education in Adults
Age (in 10 year increments) 1.61 [1.10,2.35]
Gender

Female vs.Male 2.38 [1.37,4.17]
Chelation Status: DFO or L1
Regular vs. Not regular 3.87 [1.36, 11.0]
Most recent serum ferritin Level

>= 2500 vs. < 2500 0.71 [0.40, 1.27]

Possible predictors were age, gender, race/ethnicity, nationality, transfusion and chelation status, serum ferritin, and clinical complications(heart
disease, liver failure or cirrhosis, lung disease, pulmonary hypertension, arthralgia or arthritis, HIV, osteoporosis/fracture, hypogonadism, thyroid
disease, parathyroid disease, diabetes, Hep C ,stature). Predictors found significant in univariate analyses were entered into multivariatemodels. A
logistic regression model was used for employment and a proportional odds model for education. OR = odds ratio. Cl = confidence interval. The

OR models the odds of non-employment (vs. employment) or higher education (post-college vs. college vs. high school vs. < high school).
Significance at level 0.05 is indicated in bold type.
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