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Thalassemia is a chronic, inherited blood disorder, which, in its most

severe form, causes life-threatening anemia. Advances in treatment

have led to increased life expectancy however the need for chronic

blood transfusions and chelation therapy remains a significant burden

for patients. Our study compared health related quality of life (HRQOL)

from the Thalassemia Clinical Research Network’s (TCRNs) Thalasse-

mia Longitudinal Cohort (TLC) study to US norms and assessed asso-

ciation with clinical variables. There were 264 patients over age 14

who completed the Medical Outcomes Study 36-Item Short Form

Health Survey version 2 (SF36v2) baseline assessment. When com-

pared to US norms, TLC patients had statistically significant (P < 0.05)

worse HRQOL on five of the eight subscales (physical functioning,

role-physical, general health, social functioning, and role-emotional)

and on both summary scales (physical component summary and men-

tal component summary). Women, older patients, and those with more

disease complications and side effects from chelation reported lower

HRQOL. In general, adolescents and adults with thalassemia report

worse HRQOL than the US population, despite contemporary therapy.

The SF-36 should become a standard instrument for assessing HRQOL

in thalassemia to determine predictors of low HRQOL which may be

better addressed by a multidisciplinary team.

Although medical advances in the treatment of thalassemia have led to

increased survival patients still suffer disease complications. These, along

with the significant burden from chronic treatment with transfusions and che-

lation, can adversely impact patient’s quality of life [1,2]. Health Related

Quality of Life (HRQOL) refers to the patient’s perception of their physical

and mental health. Measuring HRQOL is important to assess the impact

that a chronic disease has on a patient’s everyday life, to compare different

groups of patients, and to measure the effect of an intervention [3].

There are several main gaps in the literature of HRQOL in thalassemia

which our study will help fill. Most HRQOL studies have focused on children,

whereas adult studies have been relatively small and included non-thalasse-

mia patients [4,5]. While lower HRQOL has been described in thalassemia

patients, it is not known what clinical factors have a significant impact on

HRQOL, nor have there been prior studies which follow patients over time.

Our study will fill some of these gaps in the literature by focusing on the

baseline data in a large adult population of thalassemia patients with robust

clinical data as well as HRQOL evaluations.

The goal of our study is to define the HRQOL in adolescents and adults

with thalassemia by describing the quality of life in a cohort of North Ameri-

can and UK patients with thalassemia, comparing those results with US

norms, and evaluating the association between HRQOL and clinical factors.

We hypothesized that patients with thalassemia will report lower HRQOL

than the standard US population. Furthermore we hypothesized that HRQOL

will be lower in (1) patients with more severe disease since those patients

will require more regular transfusion, and are more likely to suffer from dis-

ease and transfusion related complications, (2) patients on non-oral chela-

tion, since there is some literature to suggest that oral chelation is associ-

ated with greater patient satisfaction [6], and (3) patients who report prob-

lems with chelation adherence.

Our study included 264 patients over age 14 with self-reported SF-36

scores. Basic patient demographics are shown in Table I. As expected TLC

patients reported significantly lower HRQOL compared with the US norm in

seven domains; physical functioning, role-physical, general health, social

functioning, role-emotional and both the physical and mental summary

scores (see Table II). Effect size calculations demonstrated a clinically signif-

icant but small effect in role-physical, social functioning, role-emotional, and

the physical summary score, and a large effect on general health. When lim-

ited to US patients HRQOL remained significantly lower in five domains;

role-physical, general health, social functioning, role-emotional and the phys-

ical summary score with a clinically significant effect size in general health

(large), and the physical summary score (small).

TABLE I. Patient Demographics

Variable TLC n 5 264

Gender
Male 127 (48%)
Female 137 (52%)

Age (years) Mean 5 29 (14-58)
14–17 40 (15%)
18–24 72 (27%)
25–34 72 (27%)
35–44 57 (22%)
45–54 20 (7.6%)
55–64 3 (1%)

Race
White 144 (56%)
Asian 104 (40%)
Other 11 (4%)

Chelator
None 22 (8.4%)
Deferoxamine (DFO, Desferal) 57 (22%)
Deferasirox (DFX, Exjade) 136 (52%)
Deferiprone (L1) 9 (3.4%)
DFO/L1 21 (8%)
DFO/Exjade 17 (6.5%)

Thalassemia Diagnosis
B-thal regularly transfuseda 204 (78%)
B-thal intermittently transfusedb 24 (9%)
B-thal non-transfusedc 2 (0.8%)
HbH CS 4(1.5%)
EB-thal regularly transfuseda 20 (7.6%)
EB-thal intermittently transfusedb 6 (2.3%)
EB-thal non-transfusedc 1 (0.4%)
alpha-thal 2 (0.8%)

Transfusion Statusd

Transfused 224 (87%)
Nontransfused 33 (13%)

Location
US 193 (73%)
Canada 36 (14%)
UK 35 (13%)
Ferritin Median 1371 (range 67–23,712)

Number of secondary complications Mean 1.7 (range 0–8)
0 90 (34%)
1 60 (23%)
2 39 (15%)
3 38 (14%)
4 15 (5.7%)
5 14 (5.3%)
6 5 (1.9%)
7 2 (0.76%)
8 1 (0.38%)

a
At least 8 transfusions in the past year.

b
1–7 transfusions in the past year.

c
No transfusions in the past year.

dIn the past year.
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In univariate analysis lower HRQOL was associated with female gender,

older age, receiving treatment in the UK, having a higher number of compli-

cations, and having a higher number of chelation side effects (for patients

on oral chelator). Higher HRQOL was associated with being transfused

(general health domain only) and being on an oral chelator. There was no

association between any measure of compliance and HRQOL for patients

on DFO alone. Race and ferritin were not associated with differences in SF-

36 scores. In multivariate analysis (controlling for gender, race, chelator

choice, frequency of side effects from chelation, country, number of compli-

cations, ferritin and transfusion status), older age, greater number of side

effects, country (UK), and number of complications were the major factors

associated with lower HRQOL, with race and gender showing a more limited

effect, and chelator choice and ferritin showing no association with HRQOL

in any SF-36 domain (Table III).

This is one of only a few published reports of HRQOL in thalassemia

patients, and the first to look at clinical associations with HRQOL. As

expected, we found that adolescent and adult patients with thalassemia had

impaired HRQOL compared with US norms. After controlling for demo-

graphic and clinical variables, we found that older age, greater number of

side effects, country (UK), greater number of complications, and to a lesser

extent female gender, Asian race, and not being transfused were associated

with lower HRQOL.

Older age and female gender were associated with lower HRQOL in the

TLC patients, but are known to be associated with lower HRQOL in the gen-

eral population as well. After controlling for population differences in HRQOL

we found no effect of gender over and above that of the general population;

however HRQOL is lower in the older TLC patients than would be expected

in the general population. This difference was primarily seen in areas of

patient reported physical health rather then mental health and remained

even after removing UK patients from the analysis.

This conclusion, that HRQOL is lower than expected in older TLC

patients, must be interpreted with caution. Since this initial evaluation is a

cross-sectional analysis, older TLC patients were diagnosed in an earlier era

and may have been receiving transfusion and chelation therapy for longer.

Also oral chelation is a relatively new therapeutic option in the US, which

may give a generational effect on HRQOL. It will be enlightening to follow

TLC patients over time and see if this age effect on HRQOL persists.

Our multivariate results are quite striking, especially since chelator choice

was not associated with HRQOL in any domain after adjusting for other vari-

ables. This is in contrast with some literature which suggests oral chelation

is associated with higher patient satisfaction. This may be due to the fact

that patients are free to choose their own chelation, or may reflect the

importance of adding clinical variables to the analysis.

Country remained a significant factor across domains, even after control-

ling for multiple variables, with UK patients reporting lower HRQOL com-

pared with US or Canadian patients; however, the number of UK patients is

too small to make conclusions about this finding.

We have attempted to demonstrate which HRQOL differences are clini-

cally relevant to the population. There is a growing literature on minimal clin-

ically important difference (MCID) which can be loosely defined as the small-

est change that is important, or seen by the patient as an improvement. A

difference in two to five points on the normalized (mean of 50) SF-36 scores

is often used as an approximation of the MCID [7,8]. By that measure we

can see that many factors (such as age, gender, side effects, and country)

have a large effect which is likely to be clinically relevant.

Our findings show some differences from other published literature,

although interestingly two Italian thalassemia studies showed contrasting

results as well. Messina et al. showed striking impairments in social function-

ing, role-emotional and the mental component summary [9]. However Scalone

et al. showed SF-36 scores for thalassemia patients which were close to

country norms, and in some cases even higher [10]. By contrast our results

show HRQOL lower than US norms with the greatest effect in general health

and the physical domains. It is unclear why the Messina study showed such

extremely low scores for social functioning, role-emotional, and the mental

summary score, although this may be in part because of the higher average

age of the patients in that study. Our findings are however similar to two stud-

ies by Payne et al. In a UK study they report SF-36 scores that were lower

than age- and gender-matched country-specific norms for all domains and

both summary scores, with much lower scores for physical functioning and

general health [5]. In a US study they found that patient reported lower

HRQOL than US norms with general health showing the most impact [4].

It is important to keep in mind that HRQOL is in many ways a social con-

struct, since it relies on a person’s expectation of health. Thus SF-36 norms

vary by country with Italian norms being lower than US. For a disease such

as thalassemia, which occurs in different populations, and is seen increas-

ingly in immigrants in the US, these cultural differences are an important

area for further study.

As we continue to make medical advances and improve life expectancy in

thalassemia, HRQOL become an even more important marker of treatment

success. The fact that the SF36 is widely validated and accepted in many

TABLE II. Comparison Between TLC SF-36 Scores and US Norms

SF-36 measure US norm TLC (n 5 264) P-value Effect sizeb US patients only P-value Effect size#

Physical functioning 50 48.18a 0.004 0.18 49.32 0.35 0.068
Role-physical 50 47.33a <0.0001 0.27 (small)c 48.52a 0.042 0.15
Bodily pain 50 49.41 0.35 0.059 50.19 0.80 20.019
General health 50 41.5a <0.0001 0.85 (large)c 41.27a <0.0001 0.87 (large)c

Vitality 50 48.89 0.08 0.11 49.65 0.63 0.035
Social functioning 50 46.79a <0.0001 0.32 (small)c 48.01a 0.006 0.20
Role-emotional 50 46.78a <0.0001 0.32 (small)c 48.15a 0.01 0.18
Mental health 50 49.04 0.12 0.096 49.38 0.40 0.062
Physical summary 50 46.8a <0.0001 0.32 (small)c 47.57a <0.0001 0.24 (small)c

Mental summary 50 47.95a 0.002 0.20 48.73 0.11 0.13

a
One sample T test shows significant difference between population and US norm (P < 0.05).

b
Effect size 5 difference in mean/population SD

cClinically significant effects defined as: 0.2–0.49 5 ‘‘small’’, 0.50–0.79 5 ‘‘moderate’’, >0.80 5 ‘‘large’’ (8).

TABLE III. Magnitude of Effect for Significant Factors Associated with HRQOL (P < 0.05) from Multivariate Model

Age (decade) Asian Side effects Country (US ref) Complications Female Transfused

Physical Functioning 22.28 22.64 Canada 21.69 UK 29.42 22.63
Role2Physical 21.93 21.63 Canada 22.14 UK 29.45
Bodily Pain 22.97 Canada 0.79 UK 28.96 21.16
General Health 22.22 21.62 21.17 5.46
Vitality 21.57 23.29 22.37 Canada 0.87 UK 26.86 20.98
Social Functioning 22.25 22.37 Canada 21.99 UK 26.58
Role-Emotional 21.92 Canada 22.05 UK 210.20 23.13
Mental Health 21.67 Canada 0.59 UK 24.83 21.10
Physical Summary 22.12 21.80 Canada 20.09 UK 28.03 20.87
Mental Summary 21.79 Canada 20.41 UK 25.91

Highlighted effects (greater than 2 points) may be considered clinically relevant.
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countries makes it a good choice to be a standard assessment in thalasse-

mia. Poor HRQOL in TLC patients is due to a complex combination of living

with a chronic disease, medical complications, and side effects from chela-

tion therapy. By identifying specific factors associated with lower HRQOL,

we can help patients and health care providers focus on those areas likely

to have the largest impact. As we follow our patient cohort over time we will

also be able to examine associations between clinical changes and changes

in HRQOL, which will add valuable information to how we can maximize

HRQOL while striving to reduce the clinical burden of disease.

Methods

Our study involved patients enrolled in the Thalassemia Longitudinal

Cohort (TLC), part of the Thalassemia Clinical Research Network (TCRN).

The TCRN is an NIH/NHLBI funded research network composed of 6 core

centers in the US, Canada, and the UK and their associated satellite sites.

Patients with thalassemia who required regular medical monitoring and were

followed at TCRN and satellite sites were recruited to become part of the

TLC study. The goal of the TLC is to measure the prevalence and incidence

of complications of thalassemia and their treatment [11]. The core data for

TLC includes a medical history interview, medical record review, blood col-

lection, and questionnaires on quality of life, nutritional status, and medica-

tion adherence done for each participant at baseline and at yearly follow-up

visits.

Demographics (age, race, gender, country of enrollment) and medical

data (ferritin, method of chelation, and frequency of transfusions) were col-

lected through self-report and medical chart review. Race was dichotomized

into Asian vs. non-Asian because of the small number of patients of ‘other’

race. Country was used as a three-level predictor and was also dichotom-

ized into US/Canada vs. UK given the similarity in results among North

American patients. We divided chelator choice into deferoxamine (DFO)

only, oral chelator only, combination chelator, and no chelation. Patients on

no chelation where excluded from some analyses that focused on chelator

choice.

Because there is no universally agreed upon definition of disease severity

beyond diagnosis and transfusion status, we used several proxy measures

to get a more nuanced picture of disease burden. Measures we examined

included ferritin, transfusion status, self-reported problems related to chela-

tion, and number of disease or treatment related complications. Ferritin lev-

els were obtained from the patient’s medical record and used as a continu-

ous variable but log transformed for analysis because of the skew of the

data. Transfusion status was defined by the number of transfusions received

in the past year; nontransfused (no transfusions) or transfused (including

intermittently transfused patients requiring one to seven transfusions and

regularly transfused at least eight transfusions per year).

A complication summary score was created for each patient by summing

the ‘‘yes’’ responses to a list of 14 potential complications in the question-

naire, for a possible score of 0–14. If data on a complication was missing, it

was counted as zero. Potential complications included cardiac complications

(congestive heart failure, ventricular arrhythmia, low cardiac T2* by MRI),

endocrine complications (diabetes Type I, diabetes Type II, growth hormone

deficiency, hypothyroidism, hypoparathyroidism, hypogonadotropic hypogo-

nadism), liver disease (cirrhosis), and transfusion related complications and

infections (alloimmumization, active hepatitis C, chronic active hepatitis B,

HIV). The list of complications included in the questionnaire was developed

by group consensus among the site PIs for the study, all of whom are expe-

rienced clinicians caring for thalassemia patients. The summary score does

not take into account the fact that some complications are more significant

than others; however, the number of patients with each complication was

too small to analyze each one individually.

To evaluate adherence to chelation patients were asked ‘in the past month

have you had problems’ ‘‘remembering,’’ ’’ preparing,’’ or ‘‘taking’’ their chela-

tor. Patients on deferoxamine were also asked how often they had problems

‘‘sticking yourself’’ and ‘‘wearing the pump’’. Answers were on a 5-point Lik-

ert scale where 1 5 never, 2 5 rarely, 3 5 sometimes, 4 5 often, and 5 5

a lot. Therefore a higher score indicated more problems with that aspect of

adherence. Patients were also asked to rank how often they ‘‘felt successful’’

taking their chelator on the same 5-point Likert scale as above; in that case

a higher score was better, indicating more success with chelation. For the

final question about compliance, patients were asked to rate how many side

effects they felt they had from their chelator. Each question was examined

separately, and as part of a total score, to determine which aspect of chela-

tion contributed the most to adherence difficulties and HRQOL

HRQOL was assessed by self-report with the Medical Outcomes Study

36-Item Short Form Health Survey version 2 (SF-36v2) for all patients over

age 14. This is a generic measure of health related functional status and

well-being, which has been well-validated in many different populations and

disease states. It generates 8 subscale scores; physical functioning, role lim-

itations due to physical health, bodily pain, general health, vitality, social

functioning, role limitations due to emotional problems, and mental health.

These domains are combined into two summary scores; a physical compo-

nent summary (PCS) and mental component summary (MCS). Possible

scores for each domain range from 0 (worst) to 100 (best), and can be nor-

malized to a mean of 50 and standard deviation of 10 [12]. Published norms

for the US population by age and gender were used for comparison. Other

reported values for patients with thalassemia were obtained from published

studies [4,5,9,10,13-15]. There were a total of 276 patients over age 14 in

the TLC. Twelve were excluded for not having the SF-36 filled out com-

pletely, which resulted in a total sample of 264.

Mean values and standard deviation for subscales and component sum-

maries of the SF-36 are presented. Comparisons between the US subset of

the study population and US norms were done using t-test. Comparison was

also made with age and gender matched norms to determine if the effects

on age and gender in TLC patients were different than that seen in the gen-

eral population.

To determine which differences were clinically as well as statistically signif-

icant we used measures of effect size and minimal clinically important differ-

ence (MCID). Effect size was calculated for each SF-36 subscale by dividing

the difference between TLC scores and the US norm by the US standard

deviation. Clinically significant effects was defined as an effect size >0.2,

where 0.2–0.49 5 ‘‘small,’’ 0.50–0.79 5 ‘‘moderate" and >0.80 5 ‘‘large"

[7,8]. A difference in at least 2 points on the normalized (mean of 50) SF-36

scores was used as an approximation of a clinically relevant MCID.

Descriptive statistics were calculated for demographic variables (age, gen-

der, race, country), transfusion status (transfused versus nontransfused),

chelation choice (deferoxamine, oral chelator, combination therapy or no

chelation), complications (as a continuous measure), ferritin (log trans-

formed) and measures of adherence, as well as the SF-36 component

scores and summary scores. Because of the differences noted in the UK

patients, analyses were re-run with North American patients only. Bivariate

analysis was done on each of the above mentioned variables with the SF-36

scores to determine associations and for consideration of inclusion in the

final multivariate model.

Multivariate analysis was done including factors that were significant on

bivariate screen (age, gender, country, complications, chelator choice, side

effects, ferritin, transfusion status). Race was kept in the model despite not

being significant on univariate screen because it was felt that it was impor-

tant to include in this population. Since the only measure of adherence with

a significant association with SF-36 scores was ‘‘side-effect,’’ it was the only

adherence measure included in the final model. The final multivariate model

included gender, race (Asian vs. non-Asian), chelator choice (only for

patients on chelator), self-reported frequency of side effects from chelation,

country, number of complications (as a continuous measure), ferritin (in log

scale) and transfusion status (transfused versus not-transfused).

Statistical analyses were performed with SAS 9.2 for Windows (SAS Insti-

tute Inc., Cary, NC). QualityMetric Health Outcomes2 Scoring Software 2.0

(QualityMetric Inc., Lincoln, RI) was used to score the SF36 data.
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APPENDIX 1

The following institutions and researchers contributed to the Thalassemia

Clinical Research Network Thalassemia Longitudinal Cohort data reported

in this paper.

Children’s Hospital, Boston (N5 38): Ellis Neufeld, MD, PhD, Principal Investi-

gator, Jennifer Braunstein, NP, Research Nurse, Amber Smith, Study Coordina-

tor, Latoya Lashley, Study Coordinator; Satellite: University of Texas Southwest-

ern Medical Center at Dallas (N5 12), Charles Quinn, MD, MS, Principal Investi-

gator, Deborah Boger, RN, MSN, PNP, Study Coordinator, Leah Adix, Study

Coordinator, Sandra Richardson, Study Coordinator; Children’s Healthcare of

Atlanta (N5 16), Jeanne Boudreaux, MD, Principal Investigator, Leann Hassen,

Study Coordinator; Baylor College of Medicine (N 5 6), Brigitta Mueller, MD,

Principal Investigator, Bogden Dino, Study Coordinator. Weill Medical College of

Cornell University (N 5 59): Patricia Giardina, MD, Principal Investigator, Eliza-

beth Evans, Study Coordinator; Satellite: Winthrop University Hospital (N 5 6),

Mark Weinblatt, MD, Principal Investigator, Linda Skelly, Study Coordinator. The

Children’s Hospital of Philadelphia (N 5 59): Janet Kwiatkowski, MD, Principal

Investigator, Marie Martin, RN, Research Nurse, Owen Beams, Study Coordina-

tor; Satellite: Children’s Memorial Hospital, Chicago, IL (N 5 39), Alexis Thomp-

son, MD, Principal Investigator, Janice Beatty, RN, Research Nurse, Tiffany

Drinkwater, Study Coordinator. Children’s Hospital at Oakland (N 5 52): Elliott

Vichinsky, MD, Principal Investigator, Dru Foote, NP, Research Nurse, Nancy

Sweeters, Study Coordinator, Olivia Vega, Study Coordinator; Satellites: Child-

ren’s Hospital of Los Angeles (N5 12), Thomas Coates, MD, Principal Investiga-

tor, Susan Carson, RN, Research Nurse, Eun Ha Pang, Study Coordinator,

Rachna Khanna, Study Coordinator; Stanford Hospital (N 5 5), Michael Jeng,

MD, Principal Investigator, Kokil Bakshi, Clinical Research Associate; Children’s

and Women’s Health Center of British Columbia (N 5 4), John Wu, Principal

Investigator, Heather McCartney, RN, Research Nurse, Colleen Fitzgerald,

Study Coordinator, Stephanie Badour, Study Coordinator. Toronto General Hos-

pital, Toronto, Ontario, Canada (N 5 5): Nancy F. Olivieri, MD, Principal Investi-

gator, Vivek Thayalasuthan, Study Coordinator; Satellite: Hospital for Sick Chil-

dren (N 5 64), Isaac Odame, MD, Principal Investigator, Manuela Merelles-Pul-

cini, RN, Study Coordinator. University College London (N 5 15), John Porter,

MD, Principal Investigator, Cindy Bhagwandin, Study Coordinator; Satellite:

Whittington Hospital (N 5 24), Farrukh Shah, MD, Principal Investigator. NHLBI

oversight, Kathryn Hassell, MD. Data Coordinating Center: New England

Research Institutes, Sonja McKinlay, PhD, Principal Investigator, Lisa Virzi, RN,

MS, MBA, Project Director, Felicia Trachtenberg, PhD, Senior Statistician.
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