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Pain over time and its effects on life in thalassemia
Olivia Oliveros,1* Felicia Trachtenberg,2 Dru Haines,1 Eric Gerstenberger,2 Marie Martin,3
Susan Carson,4 Sage Green,3 Diane Calamaras,5 Pauline Hess,5 Robert Yamashita,6 and
Elliott Vichinsky,1 for the Thalassemia Clinical Research Network
Pain reports have become increasingly common and problematic in thalassemia. As patients are living longer, there is a growing need to study pain and to explore its impact on patient lives. The Brief Pain Inventory
(BPI) was used quarterly to assess pain and pain interference in patients with thalassemia in North America.
The Medical Outcomes Study 36-Item Short Form Health Survey and the Hospital Anxiety and Depression
Scale were used to assess quality of life, anxiety and depression. Of the 252 participants, 56% reported pain
at least once over the course of this study, with 32% reporting severe pain (7/10); 16% reported pain at all
four visits. Increased pain severity significantly interfered with daily life (P < 0.001; regression analysis) and
participants with more sites of pain showed an increase in the amount of daily activities affected by pain
(P 5 0.001). Participants reporting more visits with pain reported a significantly higher impact on affective
and physical function (P < 0.001). Physical quality of life decreased with increasing numbers of visits with
pain (P < 0.001). Those who reported one or more sites of pain showed increased symptoms of both depression (P < 0.001) and anxiety (P 5 0.003). Participants reporting at least two visits with pain had higher symptoms of anxiety (P 5 0.002) and those with at least three visits reported higher symptoms of depression
(P 5 0.003). Pain is prevalent in thalassemia and is often a chronic condition that interferes with life. The
study highlights the significance of pain in thalassemia and its impact, which should be considered in future
C 2013 Wiley Periodicals, Inc.
research and treatments. Am. J. Hematol. 88:939–943, 2013. V
Introduction
Thalassemia is a group of inherited blood disorders that
decrease hemoglobin production, which can lead to mild or
severe anemia [1]. Because of the wide variability in clinical
severity, patients may require no intervention, whereas
others need chronic blood transfusions and iron chelation
therapy to remove excess iron in the body [1]. The accumulation of tissue iron is the leading cause of morbidity
and mortality in thalassemia [2].
New developments in transfusion strategies, diagnostic
testing and iron chelation therapies have resulted in
extended life spans for patients with thalassemia [1–4]. Once
known as a fatal disease, thalassemia has evolved into a
chronic illness [4]. Effective disease management has
increased survival into adulthood and has given patients the
opportunity to achieve personal goals [1,4–6]. However, prolonged life expectancy has also revealed problems that are
not well understood [1,3,6]. Pain has become increasingly
common and an emergent complication of thalassemia [5,7].
There are a limited number of studies that have observed
pain as a significant problem in thalassemia. Scalone et al.
[8] identified 62% of patients with thalassemia on chelation
reporting pain, although only 1% reported extreme pain.
About 34% of participants reported bone pain in the Low
Bone Mass Cross-Sectional Observational Study [9]. Data
from the Thalassemia Longitudinal Cohort (TLC) study
showed 56% of children experience pain, with 11% reporting
frequent pain in a 4-week period [7]. Pain increased significantly with age, with 69% of the adults/adolescents reporting
bodily pain in the past 4 weeks, and 28% of those reporting
at least moderate pain [7]. Although these reports support
that pain is problematic in thalassemia, the data describe
pain at one point in time. Unlike these analyses, this pilot
study examined pain longitudinally, at four time points, which
solely focused on pain and its effects on quality of life.
Quality of life is known as an important indicator of overall
well-being and has become a valuable tool in measuring the
impact chronic illness has on everyday life [10,11]. Assessing quality of life makes it possible to measure disease burden and can be used to help to determine risk factors that

may lead to poor quality of life [10,11]. Published reports
have shown that quality of life is significantly impaired in
patients with hemoglobinopathies [1,10–13]. According to
the PISCES study, patients with sickle cell disease experience poorer quality of life than the general U.S. population
[12]. Studies conducted in patients with thalassemia have
also described poor quality of life often associated with
depression and anxiety. Sobota et al. [10] reported that
patients with thalassemia had significantly lower quality of
life in comparison with the U.S. population; older patients
and those with more disease complications reported the lowest quality of life. Mednick et al. [14] found that 32% of
patients with thalassemia indicated experiencing symptoms
of anxiety and 11% experiencing symptoms of depression,
with more symptoms noted in the older patients. These
reports have helped to provide an increased awareness into
the burden of chronic health conditions and its impact on
everyday life. However, this study was designed to observe
the comorbidity of pain and demonstrate its effects on quality
of life, as well as lifetime achievements of education, employment and marital status.
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As patients with thalassemia grow older, pain reports are
also becoming more frequent, which has prompted this
study of pain and its influence on quality of life. Most of the
studies that assess quality of life use only one time point
and fail to examine emergent health issues such as pain.
The Assessment of Pain Survey was designed to (1)
assess the prevalence and severity of pain in thalassemia,
(2) identify common pain sites, (3) describe current pain
management practices in thalassemia, (4) assess the
impact of pain on functioning and well-being and (5) assess
the association of pain with potential risk factors. This analysis takes it one step further by examining longitudinal
data, over several time points, and reports on the current
and relevant health issue of pain.
Methods
The Thalassemia Clinical Research Network (TCRN) is sponsored
by the National Institutes of Health/National Heart, Lung, and Blood
Institute. The Assessment of Pain Survey and the TLC study were
approved by the TCRN Data and Safety Monitoring Board and the
institutional review boards at all TCRN centers. Informed consent, and
assent in the case of a minor, was obtained.
Eligibility and enrollment
Eligibility for the Pain Study included patients with all thalassemia
syndromes greater than 12 years who were being seen at one of 12
participating thalassemia treatment centers in North America. Clinically
significant thalassemia syndromes were eligible and were categorized
by b-thalassemia major, b-thalassemia intermedia, hemoglobin H disease, E-b thalassemia and homozygous a-thalassemia. Exclusions
included thalassemia trait, nonthalassemia mutations and individuals
who have undergone a bone marrow transplant. Eligible patients were
stratified into three levels, chronically transfused patients (8 transfusions per year), intermittently transfused patients (<8 transfusions/
year) and those receiving no transfusions in the last year. A total of
252 participants were enrolled in the Assessment of Pain Survey.
Study enrollment was achieved using a convenience sample of patients
recruited by transfusion status during a scheduled clinic visit. As
patients with thalassemia are routinely seen in clinic on a frequent
basis and these were not visits that were scheduled due to complaints
of pain, there is no expected bias.
Assessment of pain
The Assessment of Pain Survey used the Brief Pain Inventory (BPI)
[15,16] to assess pain at four points in time; baseline and then quarterly
over a 9-month period. The BPI was used for all participants and coordinators reported no difficulties in comprehension for the pediatric
patients. The primary pain dimensions assessed by the BPI include
severity, location, duration, and interference with daily life. Participants
rate their worst, least and average pain over the last 7 days, as well as
their current pain. Participants also rate the level that pain interferes with
activities of daily living in seven areas: general activity, mood, walking
ability, work, relationships with people, sleep and enjoyment of life. Each
scale can be classfied into two groups: physical (activity) and emotional
(affective) function. The physical (activity) function is represented by
walking, general activity and working, whereas relations with others,
enjoyment of life and mood compose the emotional (affective) function.
Sleep is included in both groups due to its multiple effects. Pain is rated
on a 0 to 10 scale, with 0 5 no pain/interference and 10 5 pain as bad as
you can imagine/complete interference. Severe pain for this study was
defined as 7 of 10. Participants were grouped into two categories, no
pain interference and any pain interference (1–10).
Assessment of quality of life
About 139 of the 252 participants (55%) enrolled in the Pain Survey
concomitantly participated in the TLC. The Medical Outcomes Study
36-Item Short Form Health Survey version 2 (SF-36v2) [17] and the
Hospital Anxiety and Depression Scale (HADS) [18] were questionnaires used annually in the TLC study to measure health-related quality
of life, anxiety and depression. The SF-36 and HADS data closest in
time to the pain assessment were analyzed for subjects participating in
both studies. The SF-36 is a generic measure of health-related functional status and well-being, which generates eight subscale scores:
physical functioning, role limitations due to physical health, bodily pain,
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general health, vitality, social functioning, role limitations due to emotional problems and mental health. These domains are combined into
two summary scores: a physical component summary and a mental
component summary. Possible scores for each domain range from 0
(worst) to 100 (best) and can be normalized to a mean of 50 and
standard deviation of 10. A difference of at least two points on the normalized SF-36 scores was considered clinically significant [10].
Assessment of anxiety and depression
The HADS is a 14-item self-report measure in which participants are
asked to respond to items using a four-point Likert scale ranging from
0 to 3, with higher scores reflecting higher occurrence of symptoms of
depression and anxiety. Scores range from 0 to 21 with the following
interpretation: normal: 0–7; mild: 8–10; moderate: 11–14; and severe:
15–21. On a population level, a change in average score even within
the same interpretation category would indicate higher occurrence of
symptoms of depression and anxiety in the population, with potentially
fewer individuals scoring in the normal range.
Statistical analysis
Descriptive statistics of patient characteristics, survey questions and
quality of life measures are presented. Table I (number of study visits
with pain) and Figs. 1 and 2 report longitudinal data (i.e., data from all
four study visits). The remaining tables and figures use baseline (first
visit) data only. Logistic regression was used to model the effect of age
on pain incidence. Age-adjusted models are reported from linear
regression analyses of predictors of pain (gender, thalassemia diagnosis, transfusion frequency and number of study visits with pain), as well
as pain as a predictor of interference, quality of life and anxiety/depression measures between groups. Comparisons of education, employment and marital status between participants with/without pain, as well
as to the general U.S. population, were made using v2 tests. In all
analyses, significance was accepted for a  0.05.

Results
Demographics
A total of 252 participants were enrolled in the Assessment of Pain Survey, with 230 subjects (91%) who completed all four study visits. Participants mainly had bthalassemia major and ranged in age from 12 to 71 years,
mean of 28.8 6 11.8 (Table I). The percent of participants
reporting pain increased with age (P < 0.001; Fig. 1). When
compared with the participants younger than 18 years, pain
reports doubled in the participants aged 18–34 years and
tripled in participants aged 35 years and older. Therefore,
all further analyses of pain were controlled for the effect of
age. Pain incidence, severity and interference did not differ
significantly by gender, thalassemia diagnosis or transfusion frequency.
About 97% of participants had at least a high school
diploma and 67% had earned a college degree. About 63%
were employed. Physical quality of life scores were an average of 3 points lower than the general U.S. population
(Table II), which is a clinically significant difference. Mental
quality of life scores did not differ from the general population. Average anxiety and depression scores were within
the normal range.
Pain
The longitudinal study showed that patients had pain
repeatedly throughout the study (33–37% at each visit;
Table I). Over half of all participants, 142 (56%), reported
pain at least once during the entire study, and 37 (16%)
reported pain at all four study visits (Table I). Of the patients
reporting pain, 79% reported a duration of at least 1 year,
and 34% at least 5 years. Participants reported an average
of 4.01 6 2.0 sites of pain; among participants with pain at
any study visit, 85% reported lower back as the most common site of pain (Table I). Severity of average pain was
4.1 6 2.1; and severity of worst pain was 5.8 6 2.3. Pain
severity increased in patients who reported pain at more
visits (P < 0.001; Fig. 2).
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TABLE I. Demographics and Pain Status for the Thalassemia Clinical
Research Network Assessment of Pain Study (N 5 252)
Age (at first visit)
Mean 6 SD
Median (range)
Gender
Male
Female
Race/Ethnicity
White
Asian
Black
Hispanic
Native Hawaiian/Pacific Islander
Unknown
Educationa
<High school diploma
High school diploma
BA/BS
Graduate/professional degree
Employment statusa
Employed full time
Employed part time
Unemployed
Not in labor forceb
Marital status
Single, divorced, or separated
Married
Diagnosis
b-Thalassemia
E-b-Thalassemia
Other
Transfusion status
Regularly transfused
Intermittently transfused
Not transfused in past year
Pain in the past 7 days
Baseline visit (n 5 252)
Follow-up visit no. 1 (n 5 244)
Follow-up visit no. 2 (n 5 234)
Follow-up visit no. 3 (n 5 237)
At any visit (n 5 252)
Number of study visits with painc
Zero
One
Two
Three
Four
Number of study visits with severe worst pain (7/10)c
Zero
One
Two
Three
Four
Pain at any visit in thed
Lower back
Either leg
Mid-back
Head
Upper back
Either hip
Abdomen
Chest
Either arm

28.8 6 11.8
27 (12–71)
115 (46%)
137 (54%)
105 (42%)
132 (52%)
6 (2%)
2 (1%)
2 (1%)
5 (2%)
5
42
76
23

(3%)
(29%)
(52%)
(16%)

77
15
16
38

(53%)
(10%)
(11%)
(26%)

119 (64%)
67 (36%)
204 (81%)
28 (11%)
20 (8%)
201 (80%)
14 (6%)
37 (15%)
93 (37%)
80 (33%)
87 (37%)
88 (37%)
142 (56%)
100 (43%)
38 (17%)
26 (11%)
29 (13%)
37 (16%)
156 (68%)
33 (14%)
19 (8%)
12 (5%)
10 (4%)
121 (85%)
77 (54%)
76 (54%)
74 (52%)
60 (42%)
58 (41%)
55 (39%)
46 (32%)
44 (31%)

a
Among those aged >25 years for education and employment and >20 years
for marital status.
b
For example, student, homemaker, and retired.
c
Among subjects with all visits (N 5 230).
d
Among subjects with pain at any visit (N 5 142).

Impact of pain on functioning
Pain interference. Pain interference and its effects on
affective (emotion) and activity (physical) scales were studied (Table II). Average pain interference was similar for the
affective and activity scales: 3.6 vs. 3.7. As average pain
severity increased, average interference scores for both
affective and activity scales increased (P < 0.001). Participants reporting mild pain (1–3) rated their interference as
2.5 when compared with an interference rating of 7.0 for
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those with severe pain (7–10). Similarly, as the number of
sites of pain increased, interference scores increased for
both scales. Participants reporting two or more sites of
pain showed greater interference (4.0) when compared
with those with only one site of pain (2.2; P  0.001). Acute
pain (<1 year) versus chronic pain (>1 year) did not interfere with affective or activity scales; however, there was a
trend toward higher pain interference for those with a longer duration of pain. Furthermore, participants reporting
more study visits with pain reported a significantly higher
impact on both scales (P <0.001).
Quality of life (SF-36). Quality of life scores are presented as means and are compared with the general U.S.
population (Table II). Lower scores indicate poorer quality
of life. At baseline, physical quality of life scores for participants reporting pain in the last 7 days were 9 points
lower than those reporting no pain and the U.S. population,
indicating a significantly poorer physical quality of life
(P < 0.001). A similar 9-point decrease was found for participants with pain at one versus more than one site, with a
4-point decrease in mental quality of life among those with
more than one site of pain (P 5 0.012). Physical quality of
life decreased with increasing numbers of study visits with
pain (P < 0.001). Participants with pain at all four study visits reported a 15-point decrease in the physical quality of
life score. Physical and mental quality of life scores were
not significant for pain severity and duration of pain.
Anxiety and depression. Higher HADS scores indicate
higher symptoms of anxiety and depression, with scores
7 being considered normal and those 15 severe. Participants with pain showed more symptoms of anxiety
(P 5 0.007), with a trend toward more symptoms of depression (P 5 0.17; Table II). Those who reported one or more
sites of pain showed increased symptoms of both depression (P < 0.001) and anxiety (P 5 0.003). Comparatively,
participants reporting at least two study visits with pain had
higher symptoms of anxiety (P 5 0.002 for the overall group
comparison), and those with at least three visits with pain
reported higher symptoms of depression (P 5 0.003). Anxiety and depression scores did not vary significantly with
pain severity or duration of pain.
Education, employment, and marital status. The effects
of pain on education, employment, and marital status were
compared among participants with pain versus no pain.
There was no significant difference for attaining an education (P 5 0.24) or employment status (P 5 0.62) among participants with pain when compared with those without pain.
Those with pain were nonsignificantly more likely to be
married (43% vs. 30%, P 5 0.07).
Discussion
As survival has dramatically changed in thalassemia,
quality of life has become an important aspect of overall
health. Pain is seen as a growing problem, and there is a
need to study its role in this population. The purpose of
this report is to describe pain and examine its effects on
daily life. A key characteristic of this study was to observe
pain longitudinally, which showed a subset of the population with consistent pain over time in conjunction with
increased severity. Increased severity and patients who
reported pain at more study visits greatly impacted physical
quality of life, anxiety and depression.
Data from the BPI have revealed that pain affects patients’
lives by interfering with multiple domains of daily life (average
of 5/7 scales measured). The results have shown that as
participants report more study visits with pain, more sites of
pain, and/or as pain severity increases, pain decreases
physical functioning (walking, working and general activities),
social functioning (interpersonal relationships) and overall
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TABLE II. Effects of Pain on Interference with Life,a Quality of Life,b Anxiety,c and Depressionc

General U.S. population
Total thalassemia study population
Pain in the past 7 days
Yes
No
P-value
Average pain in the past 7 dayse
Mild severity (1–3) (N 5 33)
Moderate severity (4–6) (N 5 46)
Severe (7–10) (N 5 10)
P-value
Number of sites with painf
0 (N 5 162)
1 (N 5 10)
2 (N 5 79)
P-value
Duration of paine
<1 year (N 5 17)
1–5 years (N 5 38)
5 years (N 5 29)
P-value
Number of study visits with paing
Zero
One
Two
Three
Four
P-value

Affectivea

Activitya

QOL: Physicalb

QOL: Mentalb

Anxietyc

Depressionc

NA
3.6 6 2.6

NA
3.7 6 2.5

50 6 10
46.9 6 9.4

50 6 10
49.4 6 9.8

NAd
5.6 6 4.0

NAd
3.2 6 2.8

3.6 6 2.6
–
–

3.7 6 2.5
–
–

41.8 6 8.9
50.9 6 7.7
<0.001

47.8 6 9.7
50.7 6 9.6
0.19

6.9 6 3.7
4.6 6 3.9
0.007

3.8 6 3.3
2.7 6 2.4
0.17

2.5 6 2.1
3.9 6 2.3
7.0 6 1.5
<0.001

2.4 6 1.8
4.2 6 2.3
7.0 6 2.0
<0.001

43.0 6 9.5
42.5 6 7.9
35.0 6 9.8
0.17

48.2 6 10.6
48.3 6 10.3
44.7 6 6.3
0.68

7.2 6 3.9
6.6 6 3.8
7.0 6 3.7
0.87

3.8 6 2.9
3.4 6 3.2
5.5 6 4.5
0.35

–
2.2 6 2.3
3.9 6 2.5
0.001

–
2.2 6 2.1
4.0 6 2.4
<0.001

50.7 6 7.7
41.3 6 6.4
41.6 6 9.6
<0.001

50.8 6 9.5
51.9 6 9.4
46.7 6 9.8
0.012

4.6 6 3.8
7.4 6 3.7
6.9 6 3.8
0.003

2.7 6 2.4
3.1 6 2.2
4.1 6 3.5
<0.001

2.5 6 2.5
4.0 6 2.5
4.2 6 2.6
0.09

3.0 6 2.4
4.1 6 2.3
4.2 6 2.8
0.23

43.5 6 9.7
42.7 6 9.5
38.1 6 8.2
0.27

52.2 6 9.5
45.7 6 9.4
50.3 6 7.6
0.96

8.4 6 5.2
7.0 6 3.6
6.0 6 2.9
0.95

3.6 6 4.9
3.5 6 2.8
3.9 6 2.4
0.73

–
1.8 6 2.2
3.0 6 1.9
3.0 6 1.8
4.5 6 2.2
<0.001

–
1.9 6 1.9
3.2 6 1.9
3.1 6 1.8
4.9 6 2.2
<0.001

52.3 6 7.0
48.4 6 6.6
47.6 6 9.0
45.1 6 9.3
37.0 6 8.8
<0.001

51.3 6 9.0
52.0 6 9.5
46.1 6 8.4
45.4 6 10.7
48.8 6 8.5
0.11

4.4 6 3.5
4.0 6 2.9
6.7 6 4.2
7.4 6 4.7
7.0 6 3.2
0.002

2.4 6 2.3
2.3 6 1.7
2.8 6 1.9
4.5 6 3.4
4.5 6 3.9
0.003

Results are presented as mean 6 SD.
a
Among those reporting pain (N 5 93 at baseline). Seven interference scales were measured, divided into two categories: affective (emotion) and activity (physical).
The affective scale includes interpersonal relations, enjoyment of life, and mood. The activity scale includes walking, general activity, and working. Sleep is included in
both scales. Higher scores indicate more interference.
b
Physical component summary and mental component summary scales of the SF-36 health survey. Higher scores indicate higher QOL. N 5 139 participants in both
the Pain Study and the Thalassemia Longitudinal Cohort.
c
Anxiety and depression scales from the Hospital Anxiety and Depression Scale. Higher scores indicate higher levels of anxiety and depression. N 5 139 participants
in both the Pain Study and the Thalassemia Longitudinal Cohort.
d
There are no population means available, but HADS scores ranged from 0 to 21 with the following interpretation: normal 5 0–7, mild 5 8–10, moderate 5 11–14, and
severe 5 15–21.
e
Among those reporting pain.
f
Any back pain (upper, middle, or lower) was counted as a single site.
g
Among participants with all visits.

Figure 1. Percent of participants with pain in the past 7 days at any study visit
and at all four study visits, by age. Both increase with age (P < 0.001).

subjective well-being (enjoyment of life and mood). There is
no significant relationship between transfusion frequency
and diagnosis with interference with daily life. The effects of
transfusion frequency and diagnosis on pain are poorly studied. However, to further assess the relationship between
transfusion and pain, data from a substudy conducted as
part of this study are currently under analysis. In patients
who reported taking pain medications, and hence were likely
experiencing greater pain, pain interfered more with physical
function than overall well-being.
The study also identified an association between pain,
lower overall quality of life anxiety and depression. The
findings revealed that patients who reported pain at more
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study visits and multiple pain sites suffered from the poorest physical quality of life and were more anxious and
depressed. Overall, mental quality of life scores did not significantly vary with pain, which may be attributed to underreporting of mental health in minorities [19]. However,
multiple pain sites had a significant effect on mental quality
of life. Pain severity and duration of pain did not significantly affect physical and mental quality of life scores.
Major life events such as pursuing a higher education,
maintaining a career, and getting married are often
assessed when studying quality of life. Pain had no
observed effect on these experiences. The lack of significance with education and employment is probably a function of age. People obtain degrees and start jobs when
they are younger. There is also less pain in younger
patients. Interestingly, patients with thalassemia were more
educated, maintained full-time employment and were less
likely to be married when compared with the general U.S.
population. The average age of the thalassemia population
studied was 28 years. These results are consistent with the
study of Pakbaz et al., which showed that patients with thalassemia were more likely to achieve a higher education
when compared with the general U.S. population [6]. Based
on what is known, pain appears to be a complication of
thalassemia which warrants further investigation into its
effects on these socioeconomic factors.
The success of the study may be attributed to the large
sample size, age range and the detail of the data collected.
However, there were several limitations to this study. While
pain has been studied and reported in the general
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Figure 2. Worst, average, and least pain severity (0–10 scale) in the past 7
days, by number of study visits experiencing pain. All increase with the number of
visits (P < 0.001).

population, the study lacked a comparable control group.
Although patients with thalassemia have specific risk factors that are likely to be the cause of their pain, this study
was not designed to determine the etiology of pain. The
BPI proved to be an acceptable method of measuring pain
in thalassemia; however, a limitation of the BPI was that it
assessed pain medication use by patient’s report, which is
subjective. Other study limitations include analysis of baseline BPI data from the pain study with a single time point in
TLC quality of life data; not all pain study participants were
enrolled in the TLC study; and longer follow-up time would
have made it more interesting to follow the progress of pain
with age. Although this was a longitudinal study, establishing a causal sequence was a challenge. Analyzing mental
health in diverse, ethnic populations has limitations in terms
of comparability and could affect our mental health outcomes. When comparing education, employment, and marital status, the age distributions were not ideally matched,
which is a weakness of the study. With an average age of
37 years, the general U.S. population was 9 years older
than the thalassemia population studied, which may be a
possible reason why patients with thalassemia were less
likely to be married.
This pilot study has provided valuable insight into the
impact of pain on daily life and its influence on overall
health in thalassemia. Pain in thalassemia is a common,
often chronic condition that increases with age and interferes with life. As patients grow older, it is likely that chronic
pain and quality of life will be important in making therapeutic decisions. Quality of life is increasingly being used as
an outcome measure for interventions, and better data are
needed for thalassemia. The study highlights the significance of pain in thalassemia and its impact, which should
be considered in future research and treatments.
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